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Industrial Engineer 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical 
Systems in Mills and Factories 


Volume 82 


January to December, 1924 


McGRAW-HILL COMPANY, INC. 
Old Colony Building 
CHICAGO, ILLINOIS 


INDUSTRIAL ENGINEER 
INDEX TO VOLUME 82 


Pages by Months 


Januar. . k 1 to 52 
Februar.. . 03 to 108 


Maren 109 to 160 
April! [i to 212 
M/. ²˙• o 260 
Junnnnn uns 261 to 308 
Iijßnr: nie 300 
August 357 to 404 
September . 405 to 460 
October . . 461 to 508 
November . . . . 509 to 556 
December ( q ⁊ ß'—' . DOT to 604 


Accident prevention (see Safety). 

Accounting: 
Maintenance, equipment and supplies for 
(J. Elmer Housley), 169. 

Repair and maintenance expenses budget- 
ing (W. F. Woodbury), 312. 

Air compressors: 

Air filter for intake of (R. D. Brooks), 


340, (B. Neal), 340, (Earle N. 
Dillard), 0449. (E. L. Way) . *496. 
—Clean air for. obtaining (Clifford H. 


Leighton), 40. i 
Portable, for supplying air in isolated 
locations (H. E. Stafford), 344. 
Air pressure indicator. air gage remodeled as 
low (H. S. Rich). 249. 
Alarms (see Signals). 
Alternators, standard power and apeed ratings 
for vertical, 
American Brass Company's works. 2510. 
American Telephone & Telegraph Compary, 
operation, 2. 
Ammeters (see under Meters). 


BDAC r her Mining Company's works, 
Are welding (see Welding). 

Armatures: 

——Coil with reversed polarity, effect of 


(Elza Herrmann), 198, (Donald Fer- 
guson), 242, (George Cropper), 291. 
BLL o around the shop (O. C. Callow). 


Ansocianon of Iron & Steel Electrical Engi- 


. 440, 464. 
Exposition at convention. 


B 


468. 


Batteries, storage: 
harging: 
Rate, determining (J H. Blair), 32. 
L. B. Morrill), 197. (H. S. 
197 (Frederick Krug), 197, 
H. Griffin), (Martin G. 
Lane). 198. 
Switch for, in parallel or series (H. 
S. Ric #248. 
Inspecting and maintaining, 548. 
Racks, preventing corrosion of iron (Ira 
D. Lockwood), 94, (Earle N. Dil- 


lard), 199. (F. J. H. Krause), 343. 
Water still and storage bottles, arrange- 
ment of (H. S. Rich), 596. 
Bearings 
——RBall: 
Application to general purpose 
motors, 502. 
Housings to use. changing (Robert 
. Drake). 216. 
Installing (J. H. Gallant), 9N, 
Lineshafts, installing on main (Donald 
Hampson), #300. 
Locomotives, on mine, 205. 
——Crane, trouble reduced by pressure lubri— 
cation (O. C. Callow), 451. 
Failure, change in grade of oil cause of 
(U. A. J.). 205. 
Hanger. babbitt. ball and roller (Frank 


E. Gooding), 229. 

Hot, alarm system to indicate (Grady H. 
Emerson), 388. (C. O. Sandstrom), 
388, (Paul E. Thomas), 

——lImprovements in bearing 9 possible 

( A. Van Brunt), 264. 3 


——Jackshaft, of mill-type motor leaks oil 
85 F. Dann), 589. (F. D. Street). 


Lubrication methods for motor. operating 


mor locations (J. Elmer Housley), 


Metals. new bearing, 62. 
New, 62. 


January to December, 1924 


GENERAL INDEX 


Bearings (Continued) : 
——Oil ring: 
Jingling always means trouble (Henry 
Mulford), 250. 
Sluggish action of (Philip G. Bern- 
holz), 5150. 
——Roller 


Installing (J. A. Gallant), °99. 
Service in mill-type motors (L. J. 
Hess), 164. 
Sleeve: 
Remove from motors (J. H. Sauve), 
5 


Troubles (R. Pruger), 113. 
Worn, cause of starting aul’ in a 
small motor (B. Belcher), 


Belts: 
——Commutator slotter, special belt eliminates 
use of poe pulley on (J. A. Horton), 

ee E 63. 

Guards, building machine, 295. 

——Guesswork when using, is expensive (edi- 
torial comment), 439. 

Increasing arc of contract with low belt 
tension (Frank E. Gooding), 417. 

0 which side to put next to pulley, 


Pulley are close together, operating where 

Donald A. Hampson), 504. 
short center, drives. advantages of. 549. 
l made to run true (A. J. Dixon), 


Bench: 
= dustane, for repair work (G. A. Luers), 
e 


Portable post, 
or repairs - 


with vise for construction 
(G. A. Luers), %905. 


Blackboard for iadicating location of repair- 


men in sop (H. S. Rich). 35. 

Books. practica:: 

Alternating currents, principles of (Robert 
R. Lawrence). 25 

Bakelite, the 295 of (John Kimberby 
Mumf ord), 

Elevator 5 tor modern n 
electric (Ronald Grierson). 603 

Engine, mechanics of the gasoline (H. A. 
Huebotter), 259. 


Fuel, pulveriz and colloidal (J. Y. 
Dunn), 259. 
——Management's handbook (Edited by L. P. 
Alford, 603. 
— Motors and control, principles of (Gordon 
Fox), 


Truscon maintenance data book, 603. 
Welding handbook, are (C. J. Holslag), 9115 


Writing. principles of business (T 
Bailey Whipple), 603. 
Brakes: 
Lineshaft quickly in emergen: ‘vy, to stop 
(Donald A. Hampson), 549. 
Retard or hold rotating partes used. to 


Wheels and pinions, pulling on (0. 
Callow), 396. 
Brushes: 
Blame the, don't always (editorial com- 
ment). 387. 
A nrbon: 


Choice of. effect of specific resistance 
and _hardnese on (L. J. Kerlin), 
6 


Seating, time saving method of (A. 
W. McAuly), 601. 

Selection 61855 application of (Edward 
A. bbs), 389, J. Kerlin), 
389 Tennis H. Emerson), 389, 
(C. D. Dispennette), 442, (C. O. 
Benson), 7. 

Sparking at. cause of motor (H. S. Rich), 
390, (George Cropper), 390. 


C 
Cables: 


Aerial power. in industrial plants 
Westbrook), 203. 

Pulling stranded, using rope in (E. H. H.). 
238 


(F. A. 


Calipering internal work (S. H.). 551. 

Cement industry, the Portland. 110. 

Chain drive: 

Careless assembly causes trouble with 


(Donald A. Hampson). 2452. 
Lineshaft drives in „textile mill. on (Robert 


Calhoun), 152. 
New designs, 64. a 
Roller. solves unusual condition (A. C. 


Burrows). *397 
Charts (see Records). 
Chicago Tribune Company's plant. 462. 
Chisel shield keeps chips from flying 
Hall), *207. 
Circuit breakers for feeders and A. C. motors, 
(James H. Wyatt). 574. 
Circuits. locating open (L. D. Johnson), 346. 
Coal (see Handling materials). 
Compensator (see Motor control). 


(Nelson 


*Indicates Illustrated articles 


Clutches: 

Mine fan, for (E. H. Laabs), 444. 

New designs, °65. 

Operating (Frank E. Gooding). 127 

Use of (Frank E. Gooding), 5. 

Balan on lighting circuit (D. C. Herrick). 

Balance, connections (Earl Barber), 294. 

(A. Noeppel), 294. 

Communication (see Signals and Telephones). 

Commutators (see Motor repairs). 

Concrete foundations removed with dynamite, 
„201. (L. J. Clayton), 586. 

Conductors (see Wire and Wiring). 

Conduit, fishing coun bends en flexible 
steel (S. H. Samuels), 595. 

Control, motor (see Motor control). 

Conveyors: 

oal, reduces cost of yard storage (H. S. 

Rich), %447. 

New designs, 281. 

Co-operation, self interest is the basis of 
(editorial comment). 339. 


Coils: 


Costs: 

Housekeeping, in a plant (editorial com- 
ment), 58 

——Lighting, unit costs in installing systems 
of (Davis H. Tuck), *329. 

Maintenance and operating, in the manu- 
facture of pi epared roofing (J. L. 
McK. Yardley) 66. 

Material handling, ae what it actually 
(editorial comment), 538. 

—Reducing, and increasing ‘production (edito- 
rial comment), 91. 

Wasted air, steam, i gas and light, 
0 


(E. D. F.). 

Cotton mills (see Mills). 

Couplings: 

—Cutoff, (Frank E. Gooding), 5. 127. 

Flange, removing from lineshafting (H. 8. 
Rich), 240. 

New designs, 65. 

Cranes (see also Hoists): 

New designs, 81 

Traveling, trouble with (W. P. Amanns), 
492, (J. tae Horton), 492, (A. H. 
Summers), 1. 

Trolley wires 9 by flexible cable 
(G. R. Wells). 409 

Cutting Economies, are (A. M. Candy), *27. 


D 


Derrick for handling miscellaneous loads in plant 
yards, portable, 545. 

Diagrams (see Records). 

nee,, changes in a (B. R. Fritz). 

Drills, portable electric: 

Motors. 5 of (Edwin L. Connell). 


Trouble with (A. C. Roe). 9%. 
Stachle). 141, (E. L. Connell). 


E 


Fastman Kodak Connan works, *214. 
Editorial comments, 90. 138. 194. 238. 288. 
338. 386. 438. 490. 538. 584. 

Elgin National Watch Company’ g works, *558. 

Electromagnets (see Magnets). 

Elevators, electric: 

Motor. trouble caused by plugging (J. M. 
Walsh), 540, (E. H. Lanbsr), 540 

New designs, RI. 

Repairing a rebuilding (R. H. Kuehm- 
sted), *51 Wve 

Engineer: 

Maintenance, work and responsibilities of 
(Daniel H. Braymer), *10. 


(A. M 
142. 


Plant. who is he (Practical Pete). 405. 
editorial comment, 438. 
Equalizers will reduce unbalances and noise 
(A. Roe), *24. 


F 


Factor, power (see Power factor). 
Failures, the hows and whys of equipment 
(editorial comment), 386. 
File for reaming small holes. 
(Philip N. Emigh). 153 
Filing (see Records). 
Fire extinguishers: 
Proper, for various classes of fires. 244. 
——Red card indicates that used, needs refilling 
(H. S. Rich), 97. 
Red Epor On wall behind (H. S. Knowlton). 
20 
Fire mean to vour job. what would a (editorial 
comment). 439. 


motor-driven 


Floors: 
Arrangement, 
( 


advantages of proper design 
Sandstrom), 592. 


~~. 
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Floors (Continued): 


——Concrete: 
Binder for patching, worn by trucks 
(D. Fliegelman), 593. 
Low spots when repairing, preventing 
(Donald A. Hampson), 6. 
sascha et and maintaining worn (H. 
rotons 2295. 
Trea 214 
— Markings for habe up aisles, making 


permanent, 593. 
oa eC es that last under (G. A. Luers), 


Wooden: 


Repairing (Francis E. Harris). 441, 
(H. S. Rich), 493. 
Service of, increasing, 96. 
Ford plants save everything (editorial com- 
ment), 238. 
Furnace, electric: 
A. I. & S.E.E. committee report, 471. 
Melting, 471. 
New designs. 79. 
Fuses: 


Blows, restoring service quickly after (S. 
H. Samuels), 297 

——Canse—not the crime—is the more serious 

(Practical Pete), 109. 


Soren Cults, locating (L. D. Johnson), 
Renewable, improper alteration of (Herbert 
J. Wolf). 98. 
Watchman's lighting circuit, on (Ovide C. 
Harris) 198 (George Zehnacker). 
198, (Earle N Dillard), 198, (Edward 
A. Gibbs), 


G 


Gears and pinions, lining up (Chester A. Wil- 
liams), 390, (E. H. Laabs), 391. 
Generator repairs: 
path followed by current in (B. 
Belcher), 93. (A. Soulen), 199. 
Experiences in (George Ringness), 303. 


4, volt, 5 98 give 1.000 volts (D. 
L. Wayne), 

round in 5 finding (M. M. 
Brown), 346. 

—Rewinding large, in thirty-three hours 
(Anthony J. Morroni), 155 

Turbo- generator. rewinding the field of a 

(A. C. Roe), *279. 

Generators: 


Equalizing large (Philip S. Emigh), 144. 
Grounds cause shutdown of, two unusual 
J. Dixon), *299. 
Tdle, should be kept warm to prevent con- 
densation, 395. 


Short-circuits, testing large for 
(Nicholas J. Weiss), 493, 1S Otto 
von Dannenberg), 493, (John Griffin), 
*494, (H. J. Achee), 494. 


Synchronizing, after excitation failure (J. 
H. Gallant), 148, (C. Otto von Dan- 
nenberg). 348. 

Goodyear 41 & Rubber Company's plants. 


Grinders: 
Guard for motor of direct-driven (H. 8. 

Knowlton), *345 
Power, where portable electric, lacks (A. 
C. Roe), 196, (George Cropper), 241. 
Grounds: 


Combination of 5 trouble (E. J. del 
Vecchio). 

Fuses in 3 . effect on (Sgt. 
James A. Cooke). 343, (C. Otto von 
Dannenberg), 343, (W. P. Amanns), 
343, (Chester L. Seymour), 343. 


Hammers: 

Brass face (G. A. Luers), *207. 

Lead-faced, handy (N. G. Near), 353. 

Handling materials (see also Conveyors, Cranes, 
Hoists, Magnets, Tractors, Trailers, 
Trucks, ete). 

[bal conveyor reduces cost of yard storage 
(H. S. Rich), 447. 
——Costs, know what it actually (editorial 

comment), 538. 
—Golf, taking a lesson from 
ment), 8. 
Iron and scrap, pig. 44. 
(Frank E. Gooding), 


(editorial coni- 


Paper, rolls of, 43. 
New . developments 


——Scrap, 44. 
Hanger e (Frank E. Gooding), 


Heat regulator, fuse cause of trouble with (J. 


A. Horton), 101. 
Heaters, electric (ace also Heating). 
Drying out large motor, for (S. H. 
Samuels), 202. 
——Fire, for wheels of mining locomotive 
(Earle N. Dillard). 242. 


Heating. irene (aee also Heaters). 

Low-temperature applications, 472 

Medium-temperature installations. 

New developments, 78. 

Hoists: 

Sie ee df annealing hoisting sling. 

a> 

Crane, travel limit devices, 470. 

Mono-rail, for pig iron and serap, *44. 

Motor truck used in place of (Donald A. 
Hampson). 446. 

New designs, *81. 


473. 


Water, for shop use (Eustace C. Soares), 


INDEX 
Hoists (Continued): 
Small, operation and selection of (R. B. 
Hunter), 527. 
Huse when connecting up, handling fire, 544. 
Human nature in man, the (editorial com- 
ment), 338. 
Incandescent lamp (see Lamps). 
Industrial Engineer—do they read it?. 261. 


Ideas are yon money, your (Practical Pete). 
J 


Inspection and Maintenance: 
Batteries, storage, 548. 
Bearings (G. A. Van Brunt). *264. 
—Careless, here's what may happen when 
you get (Practical Pete), °161. 
Economy in one direction may be waste in 
another (editorial comment), 386. 
Inspection: 
Fire fighting equipment report card, 
factory (J. M. Walsh), 36. 
PAD AUN and (Keene Richards), 


e282. 


(editorial comment). 


3 


Insulating condition of windings, 
Maintenance: 
job- 


Diaries on, 
491. 

Engineers, work and reopen bilities 
Daniel H. Braymer), 

Equipment and 1 for (J. Elmer 


Housley), 16 
Expenses, budgeting (W. F. Wood- 


bury), °312. , 
Lighting units, assessibility is im- 
(Alison J. 


portant factor in 
Not a second fiddle (editorial com- 


Thompson), 546. 


ment), 289. 
One chief and capable assistants (edi- 
torial comment), 9. 


Plans work because they're worked 
(editorial comment), 
Production, in (editorial comment), 


Repairs and, on industrial equipment 
(Maurice C. Cockshott), 436. 
Roofing, and operating costs in the 
manufacture of | prepared (J. L. 
McK. Yardley), 
Safety, department in E TEPEN (H. 
Donald). °321. 
Santa Fe reclamation plant for mis- 


cellaneous equipment (R. K. 
Graham), *21. 
Steel mills, in, 464. 


Installation (see Motor installation). 
Instruments (see Meters). 
Insulation: 
—Chafing. loose motor shaft cause of (L. 
A. Francis), 252. 
Varnishes: 
Applying (H. L. Hazeltine), 183. 
Applying, to laminations (J. M. 
Walsh), 453. , 
Coil insulation troubles, analyzing (H. 
L. Hazeltine), 333. 
Drying of, tests for all-through (H. 
L. Hazeltine), 561. 
SORES > and their (H. L. Hazeltine), 


Tests that are easy to make (H. L. 
Hazeltine), 381. 
Use, a ways to (H. L. Hazeltine), 


how to check up the insulating 
2282 


——Windines. 
condition of. 


Iron (see Handling materials). 
Job: 
When you can't see the forest for the 


trees (editorial comment), 
You want, how to get the (editorial com- 
ment), 31. 


Junk pile, what's in your (Practical Pete), ®1. 
Kodak Company’s works. Eastman, 214. 
Ladders, safety shoe for shop. %146. 
Lamme, Benjamin, achievements of. 458. 
Lamps (see also Lighting). 
hanger, extension handle for (J. H. 
Sauve), 200. 
——Signal, on single-phase furnace (C. L. 
Hartman), 241. 
Lathe, surfacing wheel for use in (G. A. 


Luers), 42. 
Lift trucks (see Trucks). 
Lighting (see also Lamps). 
Asseasibility is important factor in main- 


tenance of units (Allison J. Thomp- 
son), 546 
Better. without more lamps (W. Wen- 


delken), 225. 
Controlling, from two points (P. Justus). 


99. comments (W. C. Grubb). 202. 
(C. B. Humphrey), 202, (Terrell 
Croft). 20 

eCe n 8 systems, unit (Davis H. 
uck 3721 

——Emergenej service, awitehboard control 
for (H. 8. Rich), 450. 


Indicates illustrated articles 


HI 


Lighting (Continued): 


Shocks from lights caused by leaky trans- 
former case (Donald A. Hampson), 
Windows, from (editorial comment), 238. 
Lineshafting (see Shafting). 
Lightning: 
Arrester troubles (H. E. Stafford), 531. 
Line surges due to, trouble caused by 
(Phil D. Comer), 9448. 
Literature (see Books and Trade literature). 
Lubrication (see Bearings). 
Bearings operating in hot locations, 
motor (J. Elmer Housley), 597. 
anual ral, controlling (Keene Richards), 


—Jackshaft bearing of mill-type motor lease 
oil (Lee F. Dann), 589, (F. 
Street), 589. 

ver-, and ‘dust stopped a motor (Donald 

. Hampson), 499. 

Purchase, storage and distribution 
lubricants (Henry Freeman), 475. 

Lumber industry, a glimpse into the Pacific 

Coast, 406. 


M 


Machine pedestal absorbs hammer shock, con- 
crete in (Donald A. Hampson), 544. 

Magnets, lifting: 

New designs, *81. 

Pig iron and scrap, for, 44. 

Maintenance (see Inspection and Maintenance), 

Measurements (see Meters). 


for 


of 


Meters: 
Ammeters connected for pag dpa tiroe: 
ine: circuits (Ernest Dickinson), 
Polyphase, single-phase load on (Ernest 
Dickinson), 543, (Herbert King), 543, 
(P. Van Herk), 543, (C Otto von 
Dannenberg, 543. 
——Watt-hour, why does it run backwards? 
(C. Otto von Dannenberg), 391, (Phil 
D. Comer), 445, (Lyle Hendrick), 
Mills: 
—Cement, Portland, 110. 


— Cotton, four plants of the Pacific, 54. 
Paper, drives and power service (H. E. 
N *360, editorial comment, 


8 on indicator prevents blocking up 
11 pipes in (Lachlan A. McEwan), 39. 


—8 


Main roll motor drive, changing (A. 
W. McAuly), 423. 
x Maintenance practice in, 464. 
Operation, problems of (Arthur J. 
Whitcomb), 


Konu ET the ear ana steel industry, 
ee adj ust able-speed drives. 


Motor bearings (see Bearings). 
Motor control: 
Circuit breakers for feeders and a.c. 
motors (James H. Wyatt), 574. 
Compensators: 
Damaged, starting | 1 with (Fred - 
erick Krug), 
Locking, to Bene eat eine of motors 
(George E. Wallis), 594. 
Trouble traced to lost crews (Donald 


. Hampson), 44 
——Fan motors, starting single- phase (A. C. 
Roe). *298. 
New designa, 973. 
Polyphase motors with one enden 
controlling group of (D. . O’Don- 
nell), 32. (H. 8. Rich), 33. 


Repulsion’ motor operated on 25 cycles, 
80-cycle (E. L. Connell), 243, (Curtis 


_Edner), 243, (Edward Hausler), 243. 
—— Resistors, how are your (editorial com- 
ment), 338. 


——Star-lelta motor, emergency method of 
starting (Frederick Krug), *%38. 
Starter trouble due to vibration, automatic 

(H. E. Reingold), 449. 
——Starting motor, locking a push-button sta- 
tion to prevent (H. H.). 546. 
—Trip coil for remote control of motors or 
feeders (Ernest J. Ford), 394. 
Motor drive (see also Belts. Chains. Couplings, 
Gears, etc.). 
Brake to stop lineshaft quickly in em- 
ergency (Donald A. Hampson), 549. 
——Countershaft drive revamped to get double 
capacity, 451. 
Drill press, drive (G. A. Luers), 206. 
Facts, don't let notions take the place 
of (editorial comments), 138. 
aoe on UES, eo of service from (F. 


eee Oe and individual, when to use (Robert 
W. Drake), 56, ®118, 174. 

——Group-drive individual drive, 
charging), 

Installation job, proof of a good (Practical 
Pete), 9357. 

——Mechanical devices in the path of Bower 

service (G. A. Van Brunt), 61 


to 


Neu. 972. 
Press, pully and shafts, position of 
(Charles R. Sugg), %542. 
Speed important factor in selection of 
drive, motor (Frederick Krug), 251. 
Speeds, obtaining variable (Frank E. 
Gooding), 5519. 
Motor- generator trouble from grounded (J. 
Elmer Housley), 39. 
Motor inspection (see Inspection and main- 


tenance and Motor repairs). 


IV 


Motor installation and mounting: 
Anchor bolts for bedplates and machines, 


installing (E. H. Laabs), °96. 
—Cevilings: 

Concrete, supporting load from (H. D. 
Fisher), e241, (Chester L. Sey- 
mour), 341, (E. I. Pease), 341, 
H. S. Rich), *342, (F. J. H. 
Krause. 342. 

On, 145. 

Floor space, to release (J. 8. T.). 151. 
Foundation anchor bolts, making them 
adjustable (P. Van Herk), °146. 
Lathe, bracketing a small motor to a 

bench (G. A. Luers), 152. 
Saw, for swinging frame cross-cut, 206. 


Wall, brackets for, novel use of, 504. 
Motor maintenance (see Inspection and main- 
tenance and Motor repairs). 

Motor reconnection and repair: 


Alternating-current, voltage changes on 
(A. C. Roe), *131. 
Armatures: 


Balancing, by use of rails (H. E. H.), 
303 


Burnout. copper balancing strips cause 
of (George Ringness), 102. 
Closed 3 stripping (A. C. Roe), 


Coil ear test lamp. finding commu- 
tator pitch of (George Ringness), 


(A. C. Roe), 153. 
Handling of heavy, truck facilitates 
(S. H. Samuels), 553. 


Lap-wound, testing with equalizer con- 
nections (A. C. Roe), 599. 
Locating common troubles in (George 
Cropper), 505. 

Red Metallic on, use of (C. H. Pratt), 
590, (D. W. Blakeslee), 590, (H. 
S. Rich), 590. 

Rewinding, testing out, during (A. C. 
Roe), 373. 

Small, 5% ding by hand (H. B. P.). 


——Bearings cause of starting trouble, worn 
(B. Belcher), 38. 
(P. Van Herk), 


Brushes sparking at the 
293, (Paul Feeney), 293, (Earle N. 
Dil lard), 293, (George Ringness), 
293, (P. P. Scribaute), 293. (Gustin 
R. Lieber), 293, (William J. Mildon), 
294, (Nicholas J. Weiss), 294. 
—Coils: 
Removing, from  partially-closed-slot 
armatures (S. H. Samuels, 
Turns during winding, counting (8. 
H. Samuels), 302. 
—Commutators: 


Black, why do they turn (R. J. Cole- 
bert), 541. (Earl Baber), 541. 
(C. M. Fulk), 541. 

Grinding machine trouble (Wiliam J. 
Mildon), 143 (Philip M. Emixh), 
144, (L. B. Morrill), 144, 
(Nicholas J. Weiss), 144. 

8 2 bars, soldering (A. C. Roe), 


42. 
Blotter, special belt eliminates use of 
ae pulley on (J. A. Horton), 


80188 of leads, improper (George 


William Hanlon), 353. 
Turning, of large d.c. machines 
(Frederick Krug), 253. 
Two-pole, compound-wound motor, 
Ringness connections (George 
Pine nesa) *199, (A. C. Roc), 


small 
Belcher), 
2 5 915 (Edwin L. Connell). 


eee l for a.c. operation, 
(E. ; 


Winkler), 34, (B 
— Drill. 


Dust and over-lubrication stopped a motor, 


how (Donald A. Hampson), 499. 
Experiences that taught lessons (George 
Ringness), 207. 


Fan, locating open circuit in running wind- 
ing of (A. C. Roe), 442 
Four-speed motor changed to single apeed 


and different voltage (A. C. Roe). 
Handling. profitably in the plant repair 
shop (Chester A. Williams), 551 
——Induction: 


A. c. windings for different frequencies, 
changing (A. C. Roe). 187. 
Equalizers will reduce unbalance and 

noise (A. C. Roe), 24. 
Repulsion-, winding data for rotor of 
(A. C. Roe), *242 


Rotor, putting new bars in (Albert 
Rudin), 41. 
Single-phase, changed to 2- or 3- 


phase, 232 


Single-phase, trouble with (Earle N. 
Dillard), 291, (B. Belcher), 291. 
(G. H. Emerson), 291, (S. Curtis 
E 291, (George Cropper), 

Slip rings, care of (L. Fokes), 459. 

Two-phase, operated on three-phase 
circuit (B. Belcher), 34, (P. P. 
Scribaute), 34. 

(Oharles (R. Sugg), 5143. (H. S. 
Rich), 143. 


——Moisture-proofing treatment for motors in 
pulp mills (H. S. Rich), 496, (Marin 
Phillips), 496. 

Rearrangements, possible savings by 
torial comments), 288. 

——Rotors: 


Bars 4 putting new (Albert Rudin). 


(edi - 


INDEX 


Motor reconnection and repair: 
Rotors (Continued): 
Insulation cause of trouble aoe 


broken-down (H. 8. Rich). 
Squirrel-euge, is it good 5 to 
weld the bars in (R. B. Turner), 
689, (Phil D. Comer), 589, (Earle 
N. Dillard), 589. (A. C. Roe), 
590. (H. S. Rich), 590. (Nicholas 
J. Weiss), 590, (George Cropper), 
l 590, (Grady H. Emerson), 390. 
haft cause of insulation chafing, loose 
motor (L. A. Francis), 252. 
——Single-phase, trouble with (Ovide C. 
eee 342, (W. Montelius Price), 


6 volt motor for 110 volts, 
Montelius Price). 445. 
Speed affect horsepower, how does change 


rewinding (W. 


in (Nicholas J. Weiss), 543, (Earl 
Baber), 543. 

——Two-phase, reconnected for three-phase (A. 
C. Roe), 256. 

—— Winding: 
Chorded split-pitch loop, special (A. 

. Roe), 326. 

15-hp. motor (A. C. Roc), 242. 


General Electric motor, type KT-4 (A. 
C. Roe), 240. 
Insulating condition of, 

Machine, new, 80. 
6-volt motor for 110 volts (E. L. 
Connell), 391. 

Star- and delta- connected. 
of (Roger F. Emerson), 541. 
(George Cropper), 542, (Paul 

Feeney), 542. 
2.200-volt motor, for 220-volt oper- 
ations (A. C. Roe), 444, (George 
(Curtis. Ebner), 


Cropper), 444, 

4455 (James R. McCormick, Jr.). 
Two voltages and different speed, for 

for (A. C. Roe), 506. 


282. 


advantages 


Washing machine motor. data for 
(Charles F. Cameron), e301. 
Wave, laying out (A. C. Roe), *4°8, 


*483, 532, 9580 
Motor starters (see Motor control). 
Motor testing (see Testing). 
Motor troubles (see Motor repairs). 


Motors (see also Motor control, Motor drive, 
oe installation, Motor repairs, 
etc. 

—Differentially-connected compound motor 


reverses when operated under heavy 
load (Leroy A. Francis), 248. 


Induction: 
Maximum service oe ae urine 
(Philip G. Bemholz), 
Variable-speed, operation a (A. C. 


Roe). 


——Lundell, operation of 


(Elza Herrmann), 
87 (J. M. Walsh), *588. 
——Nameplate data, meaning of (H. 8. Rich), 
; E. I. Pease), 445. (William 
445. (F. P. Laning), 
: Emerson), 591. 
New designs, 69 


——Over-motoring and under motoring  (edi- 
torial comment, 194. 
Syncs, industrial applications of. 
D. 
Twenty- -seven years old (Practical Pete), 
25. 
1923: 
— Electrical cauipment, new (Arthur J. 
Whitcomb). 69. 
Handling materials, trends in (Frank E. 


Gooding), *81. 
Mechanical devices in the path of power 
l service, new (G. A. Van Brunt). *61. 
1924 aude opportunities (editorial comment), 


N 


Nuts tight fitting and prevent stripping, 
to make (Donald A. Hampsun), 


O 


stone repaired with 
A. Luers), 154. 


P 


how 
553. 


Qi! 


shellac, broken (G. 


Pacifie Mills, four plants of the, 54. 

Painting: 

——Air brush, at one-fifth of brush work 
cost, 201. 


Fire houses 85 increase their visibility (H. 


Paint - up- elean- up compaigns. by-products of 
(editorial comment). 289. 
—Refinishing heavy machinery (Frederick 
Krug), 345. 
White paint helps to keep plant clean, 55 
Paper-mill drives and power service (H. f 
Samora) *360, editorial 


aan 


Passing the buck (editorial comment). 30. 


Pinions and brake wheels, pulling off (O. C. 
Callow), *396, 
Pipes: 
ene eee ae and valves (David Fliegel- 
man), 5 
Support for, 155 of welded pipe. 593. 
Plant: 
Engineer—who is he? (Practical Pete), 
*405, editorial comment, 438. 
Housekeeping. a suggestion about (edi- 


torial comment), 386. 


*Indicates illustrated articles 
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Plant (Continued): 


Layouts (editorial comments), 30, 585. 

Load, make a graphic picture of your (edi 
torial comment), 387. 

Power factor: 

hart for finding kva. required to raise, tu 
desired value, 585. 

Correcting, by synehronous condenser (C. 
Otto Von Dannenberg), 243, (D. E. 

„ 243, (Frederick Krug), te 


(C. Otto Von Dannenberg), 
(Charles R. Sugg), *341. 

Power in the iron and steel industry, 470. 

Power service (see also Motor drive). 


Maternal: labor and (editorial comment). 
Equipment goes wrong, why (editorial 


comment), 3i. 

Power transmission (see Belts, Chains, Couplings. 
Gears, Motor Drive, ete.). 

Practical Pete (see Author's Index). 

Pulleys: 

Adding, makes motor do two jobs (Donald 

A. Hampson), 452 

——Close together, operating belts where pul- 

leys are (Donald A. Hampson), 504. 


Driving, flat spot on (Walter W. P. 
Sinelair), 151. 
New designs, *63. 


„ up large (H. E. Barnes), 


Purchasing: l 

Maintenance, equipment and supplies for 
(J. Elmer Housley), 169. 

Penny wise and pound foolish in (editorial 
comment), 138. 


Q 


Questions and answers. 32. 92, „140. 196. 
40, 290. 340. „388. 2441. 9492, 

25405 „586. editorial comment, 288. 

Racks in industrial storerooms, shelves and 
Frank E. Gooding), 571. 

Radiators, helps in erecting, 145. 

Records: 

——Cval-car trips to boiler house (A. J. 


Dixon), "248. 

Fire fighting equipment report card (J. M. 
Walsh), °36. 

Indicator for locating repair men in the 
plant (Ulysses F. Courtney), *153. 

Inventory and maintenance card, motor 


(D. Fleigelman), *42. 
Maintenance, obtaining equipment and 
supplies for (J. Elmer Housley), 169. 


——Pipe lines and valves, 
Fleigelman), 525. 
——Power drive equipment, card system for 
miscellaneous H. Case) 493. 
(Donald Maxfield). *493. 
winding data for transformer of 
Fred Larsen), 390. 


Howe: reduce maintenance costs, 
® 


identifying (David 


steel (G. 

Telephone 55 to prevent interruption 
of (S. H. Samuels), 548. 

Repairs (see Generator and Motor repairs). 

en, your (editorial comment), 


Rewinding (see Motor repairs). 
Roofing, maintenance and operating costs in the 
manufacture of prepared (J. I.. 
ï McK. Yardley), 566. 
ope: 


n cannot be judged by appearance 
(T. Murdock), *%446 

——Wire, avoiding kinks in unreeling and un- 
coiling, 9498. 

Rotors (see Motor repairs). 

Rubber Company's plants. Goodyear Tire and. 
2162. 


8 


Safety: 
Belt guards, building machine, 96. 
Careless, here's what may happen when 
you get (Practical Pete), 161. 
Directing attention to, work (H. W. 
Donald), 5478. 
Donts' for the electrical department 
(William McNally), 201. 
Everybodys’ business is nobodys' business 


(editorial comment), 194 
Everybody's job to prevent accidents, 
(editorial comment), 539. 


it's 


— Fire: 
Hazards from dipping tanks, 
ing. 5197. 
when connecting up. 
5.14 
House painting 
(H. H.). 296 
——-Fire extinguishers: 
Inspection of factory. 
(J. M. Walsh), *36. 
for various classes of fires, 


reduc- 
handling. 
visibility 


Hose 


increases 


report and 


tore 

Red card indicates that used. needs 

refilling (H. Rich), k 

Red spot on wall behind (H. S. 
Knowlton), °200. 

Grinder, inexpensive guard for motor of 
direet-driven grinder (H. 8. Knowl- 
ton), £345. a 

Inexperience is the target in accident pre- 


vention (editorial comment), 338. 
Ladders. shoe for shop, 146. 
Maintenance department in industrial (H. 


W. Donald), 321. 
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Safety (Continued) : 


——Maintenance man's part in 
(editorial comment), 439. l 
Pointers and penalties (H. S. Rich), *393. 
——Rails and guards, construction of pipe 
(F. J. H. Krause), 494. 
—Shufting, suggestions fur workers around 
(Donald A. Hampson), 396. 


promoting 


—-Switch cabinets used as lockers (Practical 
Pete), *309. 
—-Switeh, wood blocks prevent accidental 


closing of (S. H. Samuels), $9, 
Welding rays, portable screens protect from 
Elza Herrmann), 35. 
Windows, cleaning outside of 37. 
Your part in, work, 157. 
Salvage eve rything, Ford plants (editorial com. 
ment), 238. 
Sand cutter on 4£0-110-volt system, 


large, 


operating 


220-volt (H. S. Rich), *297 
Saws: 
Band, putting tires on wheels of (E. L. 
Way), P 
Bench use, motor-driven, for (G. A. Luers), 
h: 


(G. H. 
ord. 


Hack-, frame for heavy work 
McKelway), 208. 


Swing, adv antage of direct drive for, 


Screws in aceessible places, tool for starting 
(Phi! D. Comer), 454. 
Service ie worth the price, good (Practical 
Pete), *509. 
Shafting: 
Alignment af lineshafting, checking 


Donald Maxfield), 587. 
Driving. at right angles with special trans- 


mission, 597. 
—— Erecting, helps in. 5145. 
Hangers and line-shafting (Frank E. 
Gooding). 178. 
——Safety suggestions for workers around 
(Donald A. Hampson), 396. 


Support for, and pipe lines made of welded 
pipe, 593. 
Shelves and racks in industrial 
(Frank E. Gooding), 571. 
Shredded Wheat Company's works, *310. 
Signals: 
Alarm system to 
(Grady H. Emerson), 
pron): 388. 


single-phase = electrie 
241, 


storerooms 


bearing 
O. Sand- 
Thomas, 


indicate hot 
388, (C. 
(Paul E. 


furnace 
(H. S. Rich), 


connecting extension bell to 
B. Turner), 496, (Earle N. 
Dillard), : (Ernest DickKin- 
son), 591, (H. S. Rich), 591, 
(Phil D. Comer), 591. 
Whistle, device for warning engineer of 
time to blow (A. J. Dixon), 247. 
Skylights, cleaning, 345. 
Solder used as French curve in emergency, 
wire (S. H. Samuels), 399. 
Southern Textile Exposition, a lesson from the 
editorial comment), 9584. 
Spark coil, can direct current be obtained from 
Ford (Donald Ferguson), 587. 
Speed reduces: 


Lamp on 
(C. L. Hartman), 


Telephone, 
(R. 


Large range of speeds, with (W. W. 
Peaszood), 252. 
New designs, °65. 
Speeds: 
Increased, what do they give us? (editorial 
comment), 94. 
0 obtaining (Frank E. Gooding), 


Starters (see Motor control). 
Stators (see Motor repairs). 
Steel mills (see Mills). 


Storage: 
Maintenance, equipment and supplies for 
(J. Elmer Housley), 5169. 
Motors, spare, (H. S. Rich), 33. 
Shelves and racks in industrial (Frank E. 


Gooding), 571. 

Storage batteries lene Batteries). 

Stud bolts, tool for screwing in or removing 
(G. A. Luers), 398. 


Substations: 

Equipment, new, 77. 

Failures, who is responsible for (editorial 
comment), 490. 

Switchboard and framework fur supporting con- 
ductors, 449. 

Switches: 

a lat has as lockers 


(Practical Pete), 
——Charging batteries in parallel or 
for (H. S. Rich), 248. 
Contact burning pre vented by rbhunt seross 

motor field (George Ringness), 249. 
Limit. use better (editorial comment), 585. 
—~———Magnet, sticking (L. B. Morrill), 142. 

(Phil D. Comer). #142. (Philp G. 

Bernholz), 142, (H. S. Rich), 241. 


Series, 


INDEX 


Switches (Continued) : 
Safety: 


Blade touching cover, trouble from 
O. C. Callow), 246. 
New designs. 77. 
Wood blocks prevent accidental closing of 
(S. H. Samuels), 392. 


T 


Tape on conductors from loosening, Keeping (G. 
H. McKelway), 149 

Telephone: 

Bell to, connecting extension (R. B. Turn- 
er), 496. (Earle N. Dillard), 591. 
(Ernest Dickinson), „591. (H. S. Rich). 
591. (Phil D. Comer). 591. 

——Reel to prevent interruption of service. ex- 

tension (S. H. Samuels), 548. 


Testing: 
Dielectric, on insulation, o electrical equip- 
ment (A. Fokes), 03. 
Generators for short . large d.c. 
(Nicholas J. Weiss), 493. (C. Otto von 
Dannenberg), 493, (John Griffin), 
°494, (H. J. Achee), 494. 
——High voltage, set for the repair shop (E. M. 
Fehrlin). *351. 
Insulating condition of windings, 282. 
Lamp. for use on 550-volt a.c. circuits (J. 
H. Sauve), 102. 
Motors up to 100- hp. rating, brake for (F. 
W. Gay), 203 
—— Rotors, and balancing small (George Ring- 
ness), 93, P. P. Scribaute). 93, 
(Philip G. Bernholz), 93, (B. Belcher). 
94, (Koontz Bros.), 
Traneformer connections (L. P. Staubitz). 


low-voltage (H. B. Will- 


Transformer for. 
mott), 454. 

Tests. locomotive wheel: 

Heaters for, mining 
6» 2 


(Earle N. Dillard), 


— Removing small. dynamite for (Elza Herr- 
mann), 5. 

Textile Pasi e R a lesson from the Southern 
(editorial comment), 584. 


Tools: 
Box that keeps all tools accessible (J. H. 
Sauve), 41. 
Knurling, 107 hand or lathe use (G. A. 
Luers), *102. 
New, 80, 104. 
Slot insulation, for trimming (George 
Ringness), *351. 
Tractors: 
Dump body added to old. er for haul- 
ing coal (H. S. Rich), *296 


New designs, 81. 
Work on change in operation results in 


Trade literature. 52. 108. 159. 212. 199: 307, 
355, 404. 459. 508. 556. 60 

Trailers (see also Trucks). 

New designs, 81. 

Work from, change in operation results in 


more, 43. 
Transformers: 
Buses for bank, arrangement of primary 
and secondary (R. S. Huntington), 


9546. 
Connections, and balancer coil (Earl Baber), 
„294. (A. Noe bpel). 294 
Connections. checking and testing (L. P. 
Staubitz), 9560. 
——Connecting, for paralleling 2- and 3-phase 
circuits (C. O. von Dannenberg), 100. 
Low- we for testing (H. B. Wilimott). 
D 
Transportation (see Handling materials, 
tors. Trucks. ete.). 
Transmission of power (see Belts, Chains, Cou- 
plings, Gears, Motor Drive, etc.). 


(H. S. Rich), 


Trac- 


Trucks: 
Annealing kiln, 
2501. 

New developments. 81. 

Turbine foundation for vibrationless operation 
(H. H. Lupinski), 

Turbo-generator, „he winding the field of a (A. C. 
Roe), 9279. 


charging 


U 


U clips, diestock facilitates ae ee of (Don- 
ald A. Hampson), *295 


Valves: 


Identifying (David Fliegelman), 5˙5. 


*Indicates illustrated articles 


V 


Valves (Continued): 
Stem aby Sage dt for control convenience 
Luers), A 
Varnishes. insujating: 
Applying (H. Hazeltine), 183 


Drying of, test 101 all- through (H. L. Hazel- 
tine). 551. 
—Coil ulation troubles (H. L. Hazeltine). 
333, Comment (John C. Dolph), 39S. 
Laminations, applying to (J. M. Walsh). 


4 
—Solvents, and their (H. L. Eee 9123. 
Tests that are easy to make (H. „Hazel. 
tine), 381. l 
Use, best ways to (H. L. Hazeltine). 284. 


Vehicles (see Tractors, Trailers and Trucks). 
Ventilation, individual coolers instead of gen- 
a eral (H. S. Rich), 592. 

ise: 


—Cylindrical parts, simple grips to make vise 
hold (G. A. Luers), 41. 

Small wor A tongs used as vise for 
holding (G. Luers), 599. 

Voltage above MA ‘and its effect on power 
bill (C. Otto von Dannenberg), 290. 
(Set. James A. Cooke), 290, (George 
Cropper), 443, (Lee F. Dan), 443. 


W 


Waste cane panging up shop (G. A. Luers), 


Water: 
Tank. 
1 


5 level of (A. J. Dixon), 


Tank level constant, automatic control for 
keeping (G. A. Luers), 214. 
Welding: 
Are: 
Economies (A. M. Candy). 27. 
Two-phase set on three-phase circuit. 
operating (Earle N. Dillard). 141, 
(Lyle Hendricks), 141. (Philip 
N. Emigh). 141. (L. B. Morrill), 
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Polyphase 


Induction 
Motors 


Type “ARY” Slip Ring Motor 


Constant and 
Variable Speed 


60 and 25 Cycle 


0 
PRODUCTS: 


Electrical Machinery 
Gas Engines 
Steam Engines 
Steam Turbines 
Condensers 
Oil Engines 
Hydraulic Turbines 
Pumping Engines 
Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
Flour Mill Machinery 
Saw Mill Machinery 
Air Compressors 
Air Brakes 
Steam and Electric Hoists 
Farm Tractors 
Power Transmission Machinery 


Type AR Squirrel Cage Motor 


Type “AR” and “ARY” Motors 


Designed with exceeding ruggedness, cast steel 
in place of cast iron being a prominent feature. 


Method of ventilation is very effective resulting 
in even cooling and avoiding of “hot spots.” 


Bearings are of liberal design with spacious oil- 
wells. 


Insulation is of highest grade, stator being 
treated with baked-on insulating varnish making 
the whole structure dust and moisture proof. 


Motors are for floor or ceiling mounting being 
provided with very stiff and substantial rails. 


Conduit terminal boxes are regular equipment. 
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Milwaukee, Wisconsin, U. S. A. 
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Do You Know 
What Is In 
Your Junk Pile? 


If Not—Here’s a Good 
Scheme You Can Use to 
Find Out and the Sorting 
Will Pay in the Better 
Rates for the Junk 


HESE two photographs 
| present a study in junk 
values. In most plants 
junk is just junk and when sold 
its value is based upon what ap- 
pears to be the bulk of the ma- 
terial in the pile. In a New Eng- 
land plant where these pictures 
were taken, however, someone 
has found out that it’s about as 
easy to sort junk materials while 
they are being accumulated as it 
is to dump everything together 
in one large pile. Besides, his 
idea has shown a nice profit for 
the maximum junk value is ob- 
tained for the different materials 
and the box scheme makes han- 
dling and weighing a very easy 
matter. 

While visiting with the works 
engineer of another large plant 
a little while ago he told me that 
a lot of materials heretofore sold 
at junk values were now being 
refined and sold as metal of a 
definite composition. This ex- 
penditure in refining has shown 
a handsome profit. 

We referred several months 
`- ago to an automobile plant where 


2 
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Chicago, January, 1924 


Number 1 


had 


the maintenance engineer 
found that his junk pile was 
worth about $500,000 a year 
through studying how junk is 
handled as a commercial prod- 
uct first from dealer to the yard, 
yard to the junk broker and 
broker to the junk user. This 
value was obtained by sorting 
junk material into the grades 
that are in demand. 

Waste in the form of scrap 
ends, and miscellaneous this and 
that, may be unavoidable in con- 
nection with certain kinds of 
manufacturing but it may also 
represent carelessness and indif- 
ference on the part of someone. 
Any plan of handling junk ma- 
terials and keeping track of their 
kind and value besides being a 
profitable way of disposing of 
it, can also be used to check up 
the source of this waste and 


the rate at * 
which it ac- | 
cumulates. — ne } 
On the basis D AS 
that hind- * 


sight is often more keen than 
foresight an accurate record of 
production wastes sold as junk 
can be used to avoid repetition 
of poor guesses that sometimes 
sneak into the making up of a 
raw material schedule in a large 
works. 

Since this is good resolution 
time for a new year this plan of 
getting maximum value for the 
junk pile is a good one to add to 
a revision of last year’s list. 
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Activities of the 
American Telephone and Telegraph Company 


And Its Manufacturing Organization, the 
Western Electric Company 


Any two of the 15,000,000 telephones in the United States can be connected for conversation. The thirteenth of 
a series devoted to the growth and extent of our basic American industries. 


OMPARE these 
pictures: 1875, 
two crude in- 
struments on which 
words were with diffi- 
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Bell's first instrument 
and a modern dial desk 
phone. 

The telephone of Alexan- 
der Graham Bell in 1875 
consisted of an electro- 
magnet before which was 
suspended a strip of iron 
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cult y transmitted attached to a vellum dia- 
from one room to the phragm. i The vibrations 

i 0 e aphragm cause 
next; 1923, almost corresponding changes in 


15,000,000 telephones, 
any one of which may 
be connected with 
any other even 
though the two be 
separated by the 
width of this country. This com- 
parison will give some idea of the 
development of the system of the 
American Telephone and Tele- 
graph Company. 

This company was formed in 
1885 by the American Bell Tele- 
phone Company for the purpose 
of building and operating long 
distance lines to interconnect the 
companies, licensed under Bell 
patents, that were giving local 
service where before 1875 busi- 
ness was transacted largely by 
messenger boys instead of the al- 
most instantaneous telephone con- 
nection. For fourteen years it was 
distinctly the telephone company 
of long lines. Then it succeeded 
the American Bell Telephone Com- 


pany as the central company of 
the federation that has become 


The Hawthorne (Chicago, Ill.) plant 
of the Western Electric Company. 


Practically all the telephones, switch- 
boards, cables and other equipment used 
by the American Telephone and Tele- 
graph Company in all their systems in 
the United States, are made by the 
Western Electric Company. This Chi- 
cago plant covers 200 acres, consists of 
102 buildings containing 4144 million feet 
of floor space and employs 38,000 work- 
ers. It is estimated that it requires a 
week for a man to casually walk 
through the various aisles and depart- 
ments and give even a superficial glance 
at all the operations performed. The 
group of buildings at the left of the 
railroad track, through the center of the 
plant, is devoted to the manufacture of 
cable and enameled wire. The largest 
telephone cables manufactured contain 
1.200 pairs of wires, insulated and en- 
closed in a heavy lead sheath. One- 
eighth of the lead produced in the world 
is used for this purpose. About 85,000 
tons of copper, lead and insulating pa- 
per are used annually for making lead- 
covered telephone cable alone. 
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the current, supplied by 
a battery, flowing through 
the coil. The dialing 
phone is used in connec- 
tion with automatic ma- 
chine switching telephone 
systems which make the 
connection automatically. 


the Bell System. Besides owning 
and operating the physical plant 
that unites the associated compa- 
nies into one system, it handles 
all national problems affecting it, 
protects all patents, and is the 
headquarters of invention, infor- 
mation, capital, and legal protec- 
tion for the entire federation of 
Bell companies. Only by such a 
federation, whereby each local 
company must use standard equip- 
ment and standard methods, could 
satisfactory, long-distance com- 
munication be possible. Realizing 
this, the parent company early 
undertook the search for improve- 
ments in the telephone art, and 
the supervision of the develop- 
ment of scientific discovery and 
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the manufacture of telephone ap- 
paratus and equipment. 

The result today of all this co- 
ordinated activity is an American 
telephone system that intercon- 
nects nearly two-thirds of all the 
telephones in the world, has over 
250,000 employees, has 6,000 ex- 
changes that handle 42,000,000 
telephone conversations every 
day, and owns physical assets 
costing over $1,900,000,000. All 
this has grown from the two-man 
concern of Alexander Graham Bell 
and Thomas A. Watson in 1876. 
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Only one-fifth of the 1,900 telephone 
buildings owned by the Bell System. 


Almost two-thirds of all the telephones 
in the world are in this system. The 
operation of this requires over 250,000 
employees. The 6,000 exchanges handle 
about 42,000,000 telephone calls every 
day. Of the 15,000,000 telephones in the 
United States, any one may be connected 
with any. other even though they may 
be separated by the continent. 


The growth of the Bell System 
called for coincident growth of 
manufacturing facilities. Until 
1878 all Bell telephone apparatus 
was made by Watson in Charles 
Williams’ little shop in Boston, a 
building long since transformed 


Early developments of the industry. 


The two outside photographs show the 
corner of Broadway and John streets, 
New York City, in 1880 and in 1916 re- 
spectively. The American Telephone 
and Telegraph Company building, 195 
Broadway, at the left, contains the gen- 
eral offices. The first switchboard in 
1880 at the Cortlandt Exchange, New 


York City, was operated by boys. 


into a theatre. But the business 
soon grew too big for the shop. 
Four manufacturers of electrical 
apparatus, one of which was the 
Western Electric Company, were 
then given licenses to make tele- 
phone instruments and apparatus. 
Due to lack of uniformity the fac- 
tories were combined and their 
product standardized. 

In 1881, the manufacturing 
companies were merged under the 
name of the Western Electric 
Company which became, as it 
is today, the manufacturing unit 
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Radio broadcasting station, WEAF. 


The antennas of WEAF, the experi- 
mental broadcasting station of the 
American Telephone and Telegraph Com- 
pany, is located on the Walker Street 
Building (at the left) in New York City, 
in which all the long distance telephone 
lines entering New York terminate. The 


A modern telephone switchboard. 


Telephone messages are usually han- 
dled by two operators; the first receives 
the signal of the subscriber on what is 
known as the “A” board and signals to 
another operator on a “B” board who 
“plugs in” and rings the party called. 
In machine switching exchanges the 
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connections and disconnections are made 
without the assistance of central oper- 
ators. 


of the Bell System. This com- 
pany is the largest of its kind in 
the world. At its great plant, 
consisting of 102 buildings cover- 
ing 200 acres and containing over 
84 acres oi floor space at Haw- 
thorne, Chicago, Ill., over 38,000 
workers are engaged in trans- 
forming raw materials, brought 
from all parts of the world, into 
telephone apparatus in hundreds 
of different forms. Each year 
over 4,000,000 miles of wire are 
built into cables, enough to make 
15,000 wires between New York 
and San Francisco. About 3,500 
telephone sets are turned out 
daily in contrast to about 25 per 
day a score of years ago. 


sets alone. 


No other single company uses 
as much copper wire, hard rub- 
ber, or hard brass. A thousand 
pounds of platinum a year are 
used in the manufacture of con- 
tact points for telephone desk 
Silk thread from 
Japan, paper tape from Manila, 
mahogany from South America, 
rubber from Brazil and the 
Congo, cotton from Egypt, linen 
from Mexico and Ireland, iron 
from Norway and Sweden, plati- 
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view above shows the vacuum tube in- 
stallation used in sending the voice 
across the Atlantic on January 14, 1923. 


num from Russia and Colombia, 
shellac from India, tin from the 
Dutch East Indies, shows the di- 
versity of raw materials used. 

Another function of the Ameri- 
can Telephone and Telegraph 
Company, which has made pos- 
sible the wonderful telephone art 
of today, is that of development 
and research. The large engi- 
neering and scientific staff en- 
gaged in this work examines and 
studies all new patents relating to 
the telephone and telegraph is- 
sued in various countries, and 
considers all the latest discoveries 
in pure and applied science includ- 
ing problems of wire and radio 
transmission. 
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Three views in a telephone 


exchange. 

One of the switchrooms in 
the machine - switching 
CPNtral Exchange in Chi- 
cago (above). The other 
views show small parts of 
“distributing frames” of 


two telephone exchanges, 
each containing miles of 
wire and thousands of 
soldered joints. 
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THIS SERIES of articles has pointed out 
that if power transmission equipment is 
of the proper size to take care of shocks 
and overloads, is properly aligned and 
adjusted, and lubricated as necessary, it 


should give the least trouble. 


When 


trouble arises the obvious thing to do is 
to find the cause and remedy it before 
blaming the equipment. This is just as 
true of friction clutches and cutoff coup- 
lings as it is of belts, pulleys, silent 


chains, gears or flexible couplings. 
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Construction Details 


and Conditions Permitting 


Use of Clutches and 
Cutoff Couplings 


In Order to Reduce the Power Used 
by Idle Machines and by Shafting 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


OUPLINGS, either of rigid, 
( compression or flexible types, 

as have been described in 
articles in the October, November 
and December, 1923, issues of IN- 
DUSTRIAL ENGINEER, are used where 
the connection between sections of 
shafting or machines is permanent. 
These, however, usually may be dis- 
connected when necessary by remov- 
ing connecting bolts or pins or by 
dis-assembling. This is satisfactory 
for making repairs but is not often 
adaptable to operating conditions as 
it interferes with production. 

On lineshafts, when it i3 desired 
to cut off a section temporarily at 
infrequent periods or for some time, 
spacing rings are sometimes used 
between the halves of flange coup- 
lings. By removing the connect- 
ing bolts, the spacing ring drops out 


and leaves sufficient clearance for 
one flange to rotate without inter- 
ference with or rubbing on the 
other. The disadvantage of this 
method of connecting sections of 
shafting is that the driving shaft 
must be stopped for a few minutes 
either to connect or disconnect. For 
this reason, a section is seldom dis- 
connected unless it is to remain idle 
for some time. 

With friction or magnetic clutches 
so easily operated, there is no ex- 
cuse for allowing a machine or group 
of machines to operate if they are 
to be idle for even a short period of 
time. This is not always taken ad- 
vantage of when the disconnection 
is more difficult to make. Both types 
of clutches are also used ad- 
vantageously particularly in connec- 
tion with some types of synchronous 
motors, since these motors do not 
start well under load. By the use 
of a clutch the motor may be started 


By driving this battery of machines from 
friction clutch pulleys on lineshafts, as 
above, it is not necessary to install the 
mass of belts and countershafts shown in 


the illustration at the left. Also, any ma- 
chine or group of machines may be 
thrown out of action by clutches without 
having to throw off the belts. 


light and the load applied gradually. 
This gives the same effect as a rheo- 
stat starting switch with a direct- 
current motor. Clutches are an im- 
portant safety element in many ma- 
chines in that in case of accident 
either to the operator or to the ma- 
chine, tripping of the clutch will 
instantly disconnect and stop the 
machine instead of having to wait to 
stop the driving motor or engine or 
shift a belt. 

Friction cutoff couplings, clutches 
and quills enable a section of shaft- 
ing on a machine to be connected or 
disconnected almost instantaneously 
at will by a lever. 

A friction cutoff coupling is ordi- 
narily used to connect and cut off 
two sections of shafting. One-half 
of the coupling is usually keyed sol- 
idly to one shaft while the other 
half is keyed either solid or by a 
feather key to the other shaft. By 
different mechanical devices such as 
a lever, toggles, springs, spiral gears 
and other devices, one-half of the. 
coupling is made to seize and clamp 
the other half. The friction clamp- 
ing devices of clutches and cutoff 
couplings are quite similar in several 
types, particularly when a concern 
manufactures both cutoff couplings 
and clutches. In several such types 


How to tell whether a spiral coup- 
ling is right-hand or left-hand. 


A is a right-hand spiral coupling when 
the wheel drives and the direction of 
the motion is down, or when the shaft 
drives and the direction of motion is 
up. B is right-hand when the shaft 
drives and the direction of the motion 
is down, or when the wheel drives and 
the direction of motion is up. C is left- 
hand when the wheel drives and the di- 
rection of motion is up, or when the 
shaft drives and the direction of mo- 
tion is down. D is left-hand when the 
shaft drives and the direction of mo- 
tion is up or when the wheel drives and 
the direction of motion is down. 
simple rule is: A clutch is right-hand 
if you can encircle the driving part of 
the clutch with the fingers of the right- 
hand pointing in e direction of 
rotation and have the thumb point to- 
ward the jaws of the clutch and act 
as a jaw. Conversely, a clutch is left- 
hand if you encircle the driving part of 
the clutch with fingers of the left hand 
pointing in the direction of rotation 
and have the thumb point toward the 
jaws of the clutch and act as a jaw. 
The application of this rule will be 
easily seen after trying it out on some 
of the clutches pictured here. A spiral 
clutch will drive in only one direction. 


half the clutch is keyed on the shaft 
and the other half fastened to a 
loose pulley or gear which may ride 
on the shaft or ride on a special 
sleeve or extended hub. Clamping 
action is usually made by a lever. 
In reality, cutoff couplings and 
clutches differ but little in principles 
of construction other than is made 
necessary by the different uses. 
Two of the first type of clutch or 
cut-off couplings designed were what 
are known as square-jaw and spiral- 
jaw crab clutches or coup ings, as 
shown above at the right. These 
are also called claw or tooth clutch 
couplings and are usually engaged 
and disengaged by a lever. As either 


type must take the full load shock 


One type of cutoff coupling and 
clutch. 


Here wooden friction blocks are ap- 
lied to a ring friction surface. One of 
the big advantages claimed for this 
friction clutch is the ease with which 
it may be adjusted evenly, to compen- 
sate for wear, by the bavel gear which 
adjusts all arms together. 
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when engaged, they are adapted 
only to slow-speed operation where 
there is no objection to starting sud- 
denly and the driving mechanism or 
shaft does not offer heavy load or 
much inertia. Square-jaw - clutch 
couplings can drive in either direc- 
tion and so can be used under re- 
versing load. Spiral- jaw clutch 
couplings can be used only for driv- 
ing in one direction and are desig- 
nated either right- or left-hand as 
explained in connection with the 
four small illustrations at the left. 
One-half of this coupling is some- 
times cast as the hub of a sprocket, 
gear or pulley, if such is used. 
Although these are seldom recom- 
mended for operation at a speed 
higher than 50 r.p.m., they have the 
advantage that they are always self- 
centering when in operation. 

Modern industry demands a much 
higher speed than 50 r.p.m. If these 
older types of couplings were still 
used, the action would be somewhat 
like trying to start a train by get- 
ting the engine up to full speed and 
letting it bump the. train to get it 
into motion. Since the result would 
probably be almost as disastrous in 
industry, other types of couplings 
have been found necessary. 

With the increased speed of mod- 
ern industry, these types of jaw 
clutches could not stand the severe 
service at the moment of starting 
up and so it practically became nec- 
essary to devise a type of clutch and 
cutoff coupling which could. In a 
friction clutch, or coupling, as its 
name implies, the friction of sur- 
faces connected to the driving shaft 
with corresponding surfaces con- 
nected to the driven parts, cause the 
transmission of the rotating motion. 
When these friction surfaces are 
thrown into engagement one with 
the other, a certain amount of slip- 
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Square jaw and right- and left- 
hand spiral jaw clutch couplings. 


ping occurs between the two sets of 
friction surfaces until the speed of 
the driven part is brought up to the 
speed of the driving part. After 
that, if the clutch is in proper ad- 
justment no more slipping takes 
place because the friction is ade- 
quate to continue the drive. In addi- 
tion to friction clutches, types of 
magnetic clutches are also used. 
One of these will be described later 
in the article. 


SOME TYPES OF FRICTION CLUTCHES 
AND CUTOFF COUPLINGS 


Friction clutches and cutoff coup- 
lings may be divided into three gen- 
eral classifications—cone, disk, and 
ring—according to the shape of the 
friction parts or clamping devices. 

In conical friction clutches or 
couplings, one-half of the clutch, 
which consists of a frustrum of a 
cone, fits into the other half, which 
consists of a corresponding cone- 
shaped ring. In cutoff couplings the 


. 
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ring is keyed tight to the driving 
shaft, while the other half with the 
frustrum of the cone slides on the 
other shaft with a feather or slid- 
ing key. The two halves are engaged 
by a lever. When this is used as a 
clutch the ring is usually a part of 
a loose pulley which is held in place 
by a collar. Because of the end 
thrust developed by a single cone 
this use is generally not so satisfac- 
tory. End thrust is one of the chief 
objections to the single-cone type of 
clutch or coupling. Another diffi- 
culty lies in obtaining the proper 
slope of the cone; if too flat the 
jaws may stick and not disengage, 
while if made with too great an 
angle it is likely to take hold too 
suddenly. Also, more pressure (and 
end thrust) is required to keep the 
clutch engaged. According to 
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Two applications of a ring-type 
friction clutch and a special type 
of disk clutch. 


The double-throw countershaft, above, 
and the pulley clutch at the left, are 
six-arm ring friction clutches which 
clamp the cast-iron rings with special 
friction clamps on each side of the ring. 
The clutch above at the right is en- 
gaged and disengaged through a spiral 
gear which it is claimed allows the 
clutch to be operated at high speed 


with a positive gripping action. This 
clutch is totally enclosed and contains 
its lubricant. The pulley or gear is 
carried on the sleeve at the right. 


Kent's Mechanical Engineer's Hand- 
book” this angle usually varies from 
7½ deg. to 13 deg. from the hori- 
zontal. Single cone clutches are 
more often used in automotive work 
than for industrial purposes. These 
objections, however, are overcome by 
the double cone- friction clutch illus- 
trated on page 8. The two conical 
friction surfaces are at a different 
angle and overcome the above ob- 
jections. 

The friction surface, as on all 
types of friction clutches and cutoff 
couplings, may consist of cast iron 
to cast iron, or cast iron to asbestos, 
leather, wood block (usually end 
grain of hard maple), cork insert 
and special compositions of various 
manufacturers. The material to be 
used depends upon the service. If 
engagements and disengagements 


are frequent a material must be used 
which will not overheat easily and 
stick. l 

Friction disk cutoff couplings or 
clutches, as may be seen from the 
group of illustrations on page 8, 
apply pressure on both sides of one 
or more disks or in opposite direc- 
tions on two or more disks and so 
eliminate end thrust. The construc- 
tion of the various types is given in 
connection with the illustrations and 
so is not repeated here. With the 
double application of pressure the 
action is positive when either engag- 
ing or disengaging. Most of these 
clutches and cutoff couplings, as will 
be noticed, apply the pressure 
through a toggle. In some of these 
it will be noticed that a spring is 
used to force apart the clamping 
jaws so as to make a positive dis- 
engagement. 

In ring couplings, several types of 
which are illustrated in this article, 
clamping action may be applied on 
the outside or inside of the ring or 
sometimes on both sides. Also, as 
in some disk couplings, a V-block 
clamp fits into a V-ring. This gives 
a greater friction surface with a 
narrower ring. The various types of 
rings, friction clutches and cutoff 
couplings will also be discussed in 
connection with the illustrations and 
so are not repeated here. 

In addition to the clamping action 
several other types of friction coup- 
lings and clutches have expanding 
rings. The expansion is produced 


This sketch shows the construction 
of a quill drive. 


When a large pulley or sheave is used 
on a shaft. it is often mounted on a 
hollow shaft called a “quill,” which is 
supported on its own arings. The 
clutch connects .and disconnects the 
uill. There is no connection between 
the quill and the shaft except through 
the clutch. In this way, an entire sec- 
tion of machinery or equipment can 
be thrown out temporarily or until the 
driver gets up to speed. The quill may 
carry either the driver or driven pul. 
ley or sheave, £ 
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A single- and a double-cone ring- 
type friction clutch and cutoff 
coupling. 

In this type of clutch, the cone fric- 
tion surfaces are at two different 
angles—one steep and the other flatter 
—which obviates the possibility of sud- 
den seizing or sticking. 


by wedges or dogs, or other various 
twisting or expansion devices. Fric- 
tion hub clutches are often used on 
countershafts. 

Countershafts with tight or loose 
pulleys usually have some form of 
clutch which may be thrown in and 
out by the machine operator. Many 
manufacturers are making the loose 
pulley and clutch together, as will 
be noticed from some of the illus- 
trations in this article. Where both 
forward and reverse operations are 
required, as on a lathe, these are put 
in pairs, as shown on page 7. 

It is becoming quite common prac- 
tice to eliminate countershafts en- 
tirely on machines with only one 
driving belt and place clutch pulleys 
on parallel lineshafts driving down 
to the row of machines. This not 
only connects the machines more 
closely to the driving unit but also 
reduces the amount of belting re- 
quired and eliminates countershafts 
which amounts to a big item in in- 
stallation and maintenance costs. 
On the other hand, more lineshaft 
is required. An interesting pair of 
illustrations at the head of this arti- 
cle show the difference in appear- 
ance and amount of overhead equip- 
ment required to be installed and 
maintained in the two installations. 
The smaller amount of equipment 
also means a corresponding decrease 
in installation cost and in the oppor- 
tunity for friction, slippage, hot 
bearings and other power transmis- 
sion losses. 
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Each type of friction clutch has 
a maximum recommended speed 
which for the ordinary arm clutch is 
about 400 r.p.m. Other types which 
are totally enclosed, of small diam- 
eter, carefully balanced, well lubri- 
cated or ball bearing can operate at 
high speeds. One manufacturer 
claims that his equipment will oper- 
ate up to a circumferential speed of 
5,000 ft. per minute. For high 
speeds, ball bearings are recom- 
mended, as they are more easily 
lubricated and give less trouble 
from sticking or tight pulleys. Mag- 
netic clutches may also be used at 
high speeds. 

Where the size or weight of a pul- 
ley, sheave, gear, or rotor in connec- 
tion with a friction or jaw clutch 
is so large as to make it imprac- 
ticable to mount it on a sleeve, be- 
cause of insufficient bearing capac- 
ity, a quill is often used. A quill, 
as shown in the illustration on page 
7, is a hollow shaft supported by 
independent bearings. The main 
driving shaft running through the 
quill is thus relieved of all trans- 
verse stresses, such as the pull of 
belt or rope and also the weight of 
the pulley or sheave. The power is 
transmitted to the quill by means 
of a friction or a jaw clutch. When 
the clutch is disengaged and the 
quill standing still it does not wear 
as the revolving shaft does not come 
in contact with the quill at any 
point. On the other hand, if the 
quill is revolving with the clutch 
thrown out and the inner shaft idle, 
the only wear is in the quill bearing. 
Jaw clutches are frequently used but 
only if the speed is low or condi- 
tions are such that they can always 
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Two types of clutches with V-fric- 
tion rings. 

Here the friction block fits into a V- 
groove. In both cases the pressure is 
applied by a toggle motion. 


be engaged or disengaged when at 
rest. Frequently quills are used to 
connect the driver to the shaft as 
then the driver can be started up 
with the clutch out and carrying no 
load except the slight bearing load 
of the quill until up to speed when 
the clutch is thrown in. 


CONSTRUCTION AND OPERATION OF 
MAGNETIC CLUTCHES 


In magnetic clutches the friction 
surfaces are held together by the 
direct pull of an electromagnet. 
When the circuit through the electro- 


Construction of single-, double- and 
triple-disk friction clutches and 
cutoff couplings. 

The two sketches at the left show the 
construction of cutoff couplings, while 
that at the right is of a pulley clutch. 
For extra heavy duty some types of 
clutches have six or more disks, 
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Here the clamping action is applied 
through rollers as shown in the 
sketch and photograph. 


As the clutch is thrown in, the three 
rollers are forced against the friction 
surface as shown in the sketch. This 
clutch is totally enclosed and of com- 
paratively small outside diameter so 
that it gives low centrifugal action at 
high speed. Also, with totally en- 
closed clutches, it is somewhat easier 
to petal lubrication on the working 
parts. 


magnet is closed, the clutch is en- 
gaged; when it is open, the clutch 
is disengaged. The operation of this 
clutch is described in connection 
with the sketch shown below. Some 
of the advantages claimed for mag- 
netic clutches are: smooth accelera- 
tion, ease of operation, elimination 
of end thrust, and a definite capac- 
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ity. As it requires a short interval 
of time for the magnetic action to 
build up to full strength, the friction 
surfaces engage gradually and per- 
mit enough slip to make a smooth 
start. 

The ease of operation and control 
is also an important feature as it is 
only necessary to close or open a 
switch to engage or disengage the 
clutch. In this way the control may 
be handled from almost any position 
or even at some distance from the 
mechanism, and may be operated 
either manually or automatically. It 
is easier to determine the capacity 
of a clutch because this is absolutely 
dependent upon the knéwn pull of 
the magnet. Also, this capacity is 
not affected by centrifugal forces 
which come into play when the 
magnetic clutches are running at 
high speed. 

Another advantage, particularly 
where it is necessary to put a clutch 
in small space, is that it does not 
occupy as much space on the shaft 
as some other types. Like other 


Diagram showing how a magnetic 
clutch acts as a cutoff coupling. 


The illustration at the left shows the 
magnetic clutch with the switch open 
and the magnet de-energized. The 
driving shaft is running and the driven 
shaft standing still. en the clutch 
is energized by throwing in the switch, 
the magnet pulls the other half of the 
coupling over until the friction plates 
are in contact. In this way it picks up 
the load gradually, as it requires a 
short time for the magnets to become 
completely energized, and have both 
shafts running at full speed. The mag- 
netic action “dishes” the spring steel 
plate, but as soon as the current is 
turned off the spring in the plate pulls 
the flange out of contact and instan- 
taneously disconnects the two parts of 
the coupling. Electric contact is ordi- 
narily made through collector rings, or 
slip rings which are mounted on the 
field hub and are connected to the 
clutch coils by copper leads. On mag- 
netic clutches, as with all other types 
of friction clutches, it is essential that 
the shafts be kept in proper alignment. 
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A ring -type friction clutch used 
in connection with a loose pulley. 
Here the friction ring is clamped on 


both sides through a 
which engages and disen es the 
jaws. The pulley is mounted loose on 
an extended sleeve which is keyed to 
the shaft. Ample provision must be 
made for adequate lubrication. 


toggle action 


types of clutches, magnetic clutches 
may be used in connection with a 
pulley or sheave and may be built in 
as a part of it. These magnetic 
clutches are built in sizes from 7 in. 
to 78 in., in diameter, and may be 
used to transmit from 1 hp. to 
2,000 hp. As with other clutches 
they are rated according to the ca- 
pacity transmitted in horsepower 
per 100 r. p. m. N 

An article in a later issue will take 
up practical points in the operation 
of friction and magnetic clutches 
and couplings together with the in- 
formation required when selecting 
equipment to fit the requirements of 
certain installations. 


Eprrox's NOTE: Special acknowledg- 
ment is made to the following companies 
for their assistance in furnishing infor- 
mation and illustrations for this and 
the other articles which appear in this 
series: Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis.; The Bartlett Hayward 
Co., Baltimore, Md.; Charles Bond Co., 
Philadelphia, Pa.; Bond Foundry & 
Machine Co., Manheim, Pa.; Brown En- 
gineering Co., Reading, Pa.; The Car- 
lyle Johnson Machine Co., Manchester, 
Conn.; Chicago Pulley & Shafting Co., 
Chicago, III.; Conway & Co., Cincinnati, 
Ohio; The Cutler-Hammer Mfg. 8 
Milwaukee, Wis.; I. H. Dexter Co., 
Goshen, N. Y.; Dodge Manufacturing 
Co., Mishawaka, Ind.; Falls Clutch & 
Machinery Co., Cuyahoga Falls, Ohio; 
The Falk Corporation, Milwaukee, Wis.; 
General Electric Co., Schenectady, 
N. Y.: The Hanson Clutch & Machinery 
Co., Tiffin, Ohio; The Hill Clutch Co., 
Cleveland, Ohio; The Hilliard Clutch & 
Machinery Co., Elmira, N. Y.; W. A. 
Jones Foundry & Machine Co., Chicago, 
III.; The Medart Co., St. Louis, Mo.; 
Mesta Machine Co., West Homestead, 
Pa.; The Never-Slip Clutch Co., Nobles- 
ville, Ind.; R. D. Nuttall Co., Pitts- 
burgh, .Pa.; The Pusey & Jones Co., 
Wilmington, Del.; Reeves Pulley Co., 
Columbus, Ind.; R. H. & F. M. Roots 
Co., Connersville, Ind.; A. L. Schultz 
& Son, Chicago, Ill.; Smith & Serrel, 
Newark, N. J.; Thomas Flexible Coup- 
ling Co., Warren, Pa.; Weller Mfg. Co., 
Chicago, III.; Western Engineering & 
Mfg. Co., Chicago, III.; The Williams 
Foundry & Machine Co., Akron, Ohio; 
T. B. Wood’s Sons Co., Chambers- 
burg, Pa. 


— 
© 


oe INDUSTRIAL ENGINEER 


Vol.82, No.1 


— 
* 
3 


J 5 728 
y 
E 

d 


An Analysis of the 


ESN e 


7 rat „ U t aa < mw" 
My, “=, fe = * aI r * W. 
1 e s a 
r 
ete „ ~~ 


=t 
t. 12 
9 < te 53 * A — it > 
f ò i 
l é i | 
d ‘ : 


an an n i: e | 


s Ne 

p7 r 
34 v T CATA. | 982 

rm * wt tr e a í l 

„n, 
Baa „„ sv 


NP .. 

we — An 
Az 7.0 ; 77 
ner, n 


VJ 
_ 


į 


on sret TF ry * =— T 


Work and Responsibilities 
of Maintenance Engineers 


With Comments by Readers on Divisions 
F the Work and the Duty Assignments 
That Have Proven Most Effective 


HEN INDUSTRIAL ENGINEER 
\ Ñ was started two years ago as 

a paper devoted to the oper- 
ation of electrical and associated 
mechanical systems in mills and fac- 
tories we promised to furnish super- 
vising mill engineers and factory 
department heads who carry the real 
responsibilities in the operation and 
maintenance of electrical and asso- 
ciated mechanical systems, practical 
ideas and information dealing with 
the fundamentals of good practice 
rather than theory. In connection 


with the execution of this editorial 


plan, issue to issue, we have received 
the endorsement of hundreds of 


By DANIEL H. BRAYMER 


Editorial Director, Industrial Engineer 


readers through personal letters and 
co-operation through suggestions 
and comments. These communica- 
tions indicate that much definite 


thinking is being directed toward 


operation and maintenance proce- 
dure in small as well as large works 
along the lines that we have laid 
down for editorial discussion in IN- 
DUSTRIAL ENGINEER. 

In the larger works where the 
physical property covers acres of 
ground and several processes are 
involved, one depending upon the 


$. 


í 
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other, the need for organized effort 
to prevent interruptions in produc- 
tion or the breakdown of equipment 
in any one department is obvious. 
The majority of the larger mills and 
factories provide a definite organi- 
zation with well-defined responsibili- 
ties in connection with maintenance 
and operation in all departments of 
the works. In the smaller mills and 
factories, however, there is a ten- 
dency to keep the wheels turning as 


‘long as possible and to take care of 


maintenance when the emergency 
arises. | 

There is, nevertheless, the same 
need for organized effort in opera- 
tion and maintenance work in the 
smaller plant as in the larger one 
and the results secured in those 
plants where definite attention has 
been paid from day-to-day and week- 
to-week to maintenance in the form 
of inspection, overhauling and re- 
pairs before breakdowns occur, with 
the idea of anticipating breakdowns 
end preventing interruptions in pro- 
duction service, have shown the 
value of this activity through in- 
creased production and prevention 
of losses that accompany interrup- 
tions and breakdowns. 

In the outline of editorial plan and 
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scope in the first issue of INDUSTRIAL 
ENGINEER (January, 1922), the 
writer analyzed in detail the course 
of engineering thinking of a techni- 
cal and research character in the 
growth of industrial works in this 
country and pointed out the need for 
more evidences downward through- 
out works organizations of a similar 
application of engineering thinking 
in operating practices and in the 
maintenance and operation of the 
systems that are a part of or auxil- 
iary to manufacturing processes 
from the standpoint of continuity of 
service and production costs. Un- 
der maintenance is included the up- 
keep of buildings housing plant 
equipment and the standards set up 
for safety to operators and against 
fire. In this article certain analyses 
of maintenance work that have al- 
ready appeared in INDUSTRIAL ENGI- 
NEER are summarized to give our 
readers a broad viewpoint of the 
work of the maintenance engineers 
and to point out the phases of it that 
have been and will be discussed in 
this publication. 

It is generally agreed that engi- 
neering work in industrial works 
can be roughly divided three ways 
as outlined in the accompanying 
boxed statement. 

In view of fast-growing applica- 
tions of electric service in industrial 
works and its close association with 
the operation of mechanical systems, 
special editorial consideration is 
given in INDUSTRIAL ENGINEER to 
details of service requirements and 
present practice in meeting them 
from the viewpoint of the supervis- 
ing heads responsible for the inspec- 
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Industrial Engineerin 
Can Be Divided Roughly Tats | 


Three Classifications 


1. That calling. for the technical 
services of a civil, electrical, me- 
chanical or other professional con- 
sultant. | 


2. That calling for the services 
of a professional consultant in the 
analysis or development of indus- 
trial processes or phases of man- 
agement. 


3. That calling for the services 
of men, in the operating organiza- 
tion of the works, whose training 
and experience qualify them to 
be classified among engineers of 
groups 1 and 2, and also groups 
of supervisors of work who pos- 
sess practical experience and the 
ability to interpret the engineering 


thinking of their engineer execu- 


tives and the plans of groups 1 
and 2, to modify them as condi- 
tions demand, to maintain machine 
production on an economical basis 
under changing conditions of plant 
growth or new requirements with 
a view to maintaining continuity 
of service and controlling produc 
tion costs. 


It is to the Industrial Engineers 
who make up group 3 that this 
paper is particularly addressed— 
these men who represent the ex- 
ecution of engineering thinking in 
the various departments of an in- 
dustrial works and carry out in 
a practical way the ideas and 
ideals of management in the proc- 
esses of production. 


In the past, the work of these 
men has been in the main a job 
and we are wrapping this paper 
around the various phases of that 
job in such a way as to analyze 
its practical phases and help them 
to organize the work on the best 
lines of engineering practice. 
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tion, overhauling, changing and re- 
pairing of the systems involved. In 
this work both the electrical and 
mechanical details of the job are dis- 
cussed. In dealing with any phase 
of it, a true balance of the practical 
importance of the electrical and me- 
chanical details are maintained as 
controlled by the relationship of the 
electrical and mechanical features 
that are associated in the operation 
of any particular mill or factory 
system. 

In this connection INDUSTRIAL EN- 
GINEER is rendering a new and com- 
plete service to a group of men who 
are doing worth-while things and 
represent a phase of engineering 
thinking in the operation of Ameri- 
can industries that will expand and 
grow in importance in proportion to 
the expansion of the physical pro- 
portions of industrial works and the 
added complication of production 
processes. 

Men in charge of works operations 
in industrial plants are interested 
these days in production control 
methods and other ways of keeping 
production at a maximum in quan- 
tity and in economy. They are 
looking for men who possess imagi- 
nation, initiative and an ambition to 
take on the responsibility of execut- 
ing ideas and plans that will keep 
works equipment and processes run- 


Airplane view of the Eddystone 
plant of the Baldwin Locomotive 
Works, located near Philadelphia, 
Pa. 

This plant covers 596 acres. The main- 
tenance department must be able to 
cover a wide territory and be so or- 
ganized that a call from any depart- 
ment can be responded to in short 
Order. 
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ning smoothly, economically and 
without costly interruptions. 


RESPONSIBILITIES OF TWO GROUPS OF 
MEN IN INDUSTRIAL WORKS 


When discussing output of an in- 
dustrial works, its quality, cost and 
profit with existing equipment and 
known labor costs, the thinking of 
two groups of men is represented. 
The first group includes those who 
make up the executive organization 
and think about production sched- 
ules and necessary engineering de- 
velopment and design from the ex- 
ecutive viewpoint of translating or- 
ders received into products that can 
be shipped. The second group in- 
cludes those men who carry the re- 
sponsibility of executing the ideas 
of the executives and the engineer- 
ing force, in the departments of the 
works that are required to turn out 
the product from its raw state into 
its finished form. 

This second group of men directly 
in charge of works operations is 
interested in production control 
methods and all other ways of keep- 
ing production at a maximum in 
quantity and in economy. They em- 
ploy as assistants men who have the 
ability to carry the responsibility of 
keeping works equipment and proc- 
esses running smoothly by correcting 
faults before they become serious. 

The men making up this second 
group and their assistants are the 
men to whom INDUSTRIAL ENGINEER 
is addressed. In fact, INDUSTRIAL 
ENGINEER is built along the lines of 
the thinking of these men who are 
analyzing and laying out production 
methods from the standpoint of se- 
curing better operation, fewer inter- 
ruptions and maximum output. The 
articles that are published deal with 
the details of actual jobs exactly as 
a man faces them when they come to 
him. The articles take up the work 
to be done step by step as it pro- 
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ceeds so that he gets a full, rounded 
view of the whole problem being dis- 
cussed because it 1s presented in ex- 
actly the way that he must handle it. 
Moreover, INDUSTRIAL ENGINEER is 
furnishing to the plant man who has 
a supervising responsibility some- 
thing that will cause him to think 
more analytically about his work in 
terms of production. 

To those men who supervise work 
and those who actually carry out its 
details, INDUSTRIAL ENGINEER is pre- 
senting definite analyses of how 
work is done in different kinds of 
plants with step-by-step procedure 
and the results which have been ac- 
complished, together: with the meth- 
ods which have brought these about. 

For men responsible for the oper- 
ation and maintenance of electrical 


and associated mechanical systems in 


all industrial works INDUSTRIAL EN- 
GINEER aims to be a handbook of bet- 
ter operating practices and of the 
ways other men are handling main- 
tenance problems. Moreover, it is 
their guide to reduced operating 


Below is a bird’s-eye view of the 
McCormick Works and Tractor 
Works of the International Har- 
vester Company in Chicago, Ill. 
An electrical or mechanical drive fail- 
ure in a plant such as this causes a 
loss in production which not only af- 
fects the immediate machine, but may 
shut down a section of the works be- 
fore and after the machine, provided 
the delay is of sufficient duration. 
The plant illustrated above is devoted 
to e manufacture of McCormick 
reaping and harvesting machinery, with 
the ractor Works in the distance. 
The different divisions of this plant 
are as follows: (1) Works and en- 
gineering offices, assembling and fin- 
DDE rooms; (2) malleable iron 
foun ; (3) grey iron foundry; 
paint factory; (5) knife and grindin 
shop; (6) bolt and nut shop; (7 
wheel shop; (8) forge shop; (9) wood 
shop; (10) finished product ware- 
houses; (11) raw material yards; 
(12) raw material sheds; (13) twine 
mill; (14) freight house; (15) loco- 
motive house; (16) tempering shop; 
(17) spring shop; (18) paint-grind- 
ing shop; (19) chemical laboratory ; 
1225 No. 5 warehouse transfer agency ; 
(21) hospital; (22) fire and watch 
service station; (23) garage; (24) 
barn; (25) motor truck shed; (26) 
and (27) replacement parts shipment 
and storage; (28) oil pump-house; 
(29) tractor works; (30) clubhouse. 
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costs and the elimination of waste 
through reduction of costly shut- 
downs. The problems discussed are 
those that lie along the path of 
power service which extends from 
rhe point where power service is re- 
ceived in the plant through all the 
equipment which represents power 
service up to the driven element of 
machines engaged in production. 


THE PATH OF POWER SERVICE IN 
INDUSTRIAL WORKS 


In this line or path of power serv- 
ice INDUSTRIAL ENGINEER takes up 
the complete electrical and associ- 
ated mechanical parts of the units or 
systems involved. In the case of a 
motor driving a machine such as a 
lathe we start at the main switch- 
board, go through the main and 
branch electrical circuits and motor 
control equipment to the motor 
shaft through the belts, chains or 
gears to the main and counter shaft- 
ing, if there be such, and through 
the belts again to the pulley of the 
machine that is actually engaged in 
production and depending upon this 
path of power service for continuity 
of operation. 

In the case of a conveyor, which 
again is inserted in the line of power 
service to machine or to different de- 
partments of a plant, we begin at the 
switchboard and go through all the 
circuits and control to the motor 
driving the conveyor and through 
the chain of mechanisms that the 
conveyor includes as a unit right up 
to the point where the service of this 
conveyor ends and the work starts 
again on a detail or process of pro- 
duction and is not riding on an ele- 
ment of power service to machines 
or to departments. 

This is what we mean by opera- 
tion and maintenance of electrical 
and associated mechanical systems 
or units in a plant. ö 

Maintenance engineering and pro- 
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cedure in industrial works is as long 
and as broad as the area covered by 
the structures in which the work of 
production is carried on. It is as 
complicated as the equipment and 


processes that are used, yet it is less 


organized than the work of produc- 
tion at machines, although it is of 
equal importance and an essential 
slement in any program of produc- 
tion that aims to be economical from 
an operative standpoint with avoid- 
able accidents and breakdowns re- 
duced to a minimum. 


DETAILS OF DUTIES AND RESPONSI- 
BILITIES OF A MAINTENANCE 
ORGANIZATION 


Based on the studies that the ed- 
itors of INDUSTRIAL ENGINEER have 
made personally by visits to plants 
and by correspondence, we have de- 
vised a form of organization and 
details of duties and responsibilities 
of men in charge of maintenance 
work which is presented diagram- 
matically on pages 10 and 14. 

In this connection we would like 
to point out that an ideal works 
maintenance organization should: 

1. Get the work done. 

2.. Maintain the plant at its high- 

est efficiency. 
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Plant of Brown & Sharpe Mfg. Co., 
located at Providence, R. I. 


Maintenance operations play the same 
important role in this type of plant as 
in the continuous-process plants. Al- 
though a production delay may not 
mean a waste of material, the loss in 
production may be very large. 


3. Function with the least fric- 
tion with other departments. 

4. Be so organized as to directly 
fix the responsibility for every 


important job on some one man. 


The details of an ideal works 
maintenance organization may vary 
somewhat in the different indus- 
tries, but the general arrangement is 
somewhat the same for all of them. 
The head of the factory or works or- 
ganization is usually known as the 
Works Manager or General Superin- 
tendent. Under his supervision are 
three main departments: 

1. The works maintenance de- 

partment. 

2. The production department. 

3. The accounting department. 

In some industrial works such as 


This is the plant of Wm. Cramp 
& Sons Ship and Engine Building 
Co., located at Philadelphia, Pa. 


Maintenance plays an important part 
in the continuity of production in a 
shipyard of this size. 
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the automobile plants and the rail- 


_ way car building factories, there is 
a fourth department known as the 


engineering department which has 
charge of design of the product 
manufactured. There is also what 
might be considered a fifth depart- 
ment, the safety department, which 
does not rank with the rest of the 
departments, yet reports directly to 
the Works Manager the same as the 
other four subdivisions. 


THE WORKS ENGINEER AND HIS 
STAFF 


The safety department has charge 
of all matters pertaining to the 
safety of machines and employes. 
This department directs the works 
maintenance department and the 
production department in this re- 
spect. The maintenance department 
makes and installs the safeguards 
and safety devices which are used 
throughout the plant. The produc- 
tion department enforces the orders 
of the safety department regarding 
their use. The safety department 
quite often is part of a department 
that also has control of employment 
and police. | 

The head of the works mainte- 
nance department is usually known 
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Works Engineer or 


Maintenance Engineer or 
Chief Engineer 


Combustion Electrical Assistant Works 


Construction Supt. 


Engineer or Engineer or Engineer or or 
Steam Engincer Electrical Supt. Maintenance Supt. Const. Engineer 


Duties and Responsibility 
of the Works Maintenance 
Organization 


Layout of plant grounds and buildings..... 
; Design of buildings........ P tela 
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. Design of source and distribution of the 
following kinds of power supply: 
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6, ‘Electric power and light... cc. oc. 
G. Design of plant transportation............. 


II. Installation and Erection 


A. Preparation of yards or grounds............ 
B. Erect buildinga sg 
C. Install mechanical equipment............. 
D. Install electrical equipment............... 


| 

Lo ae 

— 

II. Operation . 
A4. Production of steam, gas and heat supply... 
B. Production of compressed air.............. 
Production and distribution of electric power. 

Communication systems................... ee 

g 


C 

D. 

E. Ventilation and sanitation................. 
F. Safety to men and machine 
C. Operation of mechanical equipment....... 
H. Operation of electrical equipment......... 
J. Improvement of equipment or processes 


—— 
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IV. Inspection and Maintenance 


Maintenance of yards or grounds.......... 
Maintenance of buildings.................. 
Maintenance of mechanical equipment 
Maintenance of electrical equipment....... 
Maintenance of piping, sewers, water supply, 
sanitation, ventilation 
Mechanical repair shops 
Electrical repair shops 
Requisition, store and disburse electrical 
stores 
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Safety Department 


Directs Safety Work. 
Maintenance dept. executes 


orders concerning safety. 
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as the Works Engineer, as Mainte- 
nance Engineer or as Chief Engi- 
neer. Under him are men who func- 
tion as: 

1. Assistant works engineer. 

2. Electrical engineer. 

3. Construction superintendent. 

4. Combustion engineer. 

These four men are of the same 
rank and each has direct control of 
his own division, subject only to the 
supervision of the Works Engineer. 
The organization of the repair shop, 
maintenance men and power produc- 
tion for each division is shown in 
the organization diagram. 

Under the Assistant Works Engi- 
neer are all of the mechanical shops 
and mechanical maintenance men ex- 
cept the crane machinists. These 
are under the electrical organization 
because the most important features 
of the cranes are electrical and it has 
been found that more satisfactory 
operation of the cranes can be ob- 
tained by co-ordinating the mechan- 
ical and electrical work under the 
electrical department. 

Under the Electrical Engineer 
come the electric repair shops, mo- 
tor inspectors, electrical construc- 
tion men, the plant communication 
systems, crane maintenance and the 
electric power generation and dis- 
tribution. 

The Combustion Engineer has 
charge of the boiler houses. His au- 
thority should extend to the steam 
header in the power house. The 
steam engines or turbines instead of 
being under the mechanical depart- 
ment (Assistant Works Engineer) 
should be under the electrical de- 
partment. The reason for this is 
because the electrical department is 
responsible for the electric power 
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produced, the same as the Combus- 
tion Engineer is responsible for the 
steam power produced. The addition 
of a third man into the responsibili- 
ty for power generation merely adds 
another loophole for “buck passing.” 
Moreover, since a power house en- 
gineer is required for handling the 
work in the power house, it has been 
found that the best results can be 
secured by getting a mechanical man 
with turbine or engine experience 
and teaching him the necessary elec- 
trical knowledge required for han- 
dling the power house switchboard 
operators. | 

The Construction Superintendent 
has charge of all construction in a 
general way. His duties and re- 
sponsibilities will be detailed later. 

The only channel through which 
the works Auditor comes in direct 
contact with the mechanical and 
electrical department is through the 
handling and use of stores and spare 
parts. The mechanical department 
usually requisitions and stores their 
own spare parts; the ordinary stores 
are usually requisitioned and stored 
by the general stores department 
which is directly under the works 
Accountant. The electrical depart- 
ment differs from the above in that 
they not only requisition and store 
their spare parts, but also requisi- 
tion, store and disburse all electrical 


Six thousand men and women are 
employed in this Bayonne, N. J., 
refinery of the Standard Oil Com- 
pany. 

The refining of crude oil is a con- 
tinuous process. An interruption of 
the process means a waste of product 
and if the interruvtion is of long du- 
ration it may endanger not only the 
equipment but also the lives of the 
operators. A high order of inspection 
and maintenance is necessary in a 
plant of this kind to secure economical 
production. 
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supplies. This is usually necessary 
because the average help in the store- 
room is unfamiliar with the variety 
of electrical materials and supplies 
used in maintenance and repair 
work on industrial equipment. 


MAIN DUTIES OF THE MAINTENANCE 
ORGANIZATION 


In the diagram of duties and re- 
sponsibilities the duties of the works 
maintenance organization are di- 
vided among the four department 
heads who are directly under the 
Works Engineer. These duties are 
also subdivided into groups as fol- 
lows: 

1. Design. 

2. Installation and erection. 

3. Operation. 

4. Inspection and maintenance. 

It will be noticed that all the four 
department heads (Electrical Engi- 
neer, Assistant Works Engineer, 
Construction Superintendent and 
Combustion Engineer) are directly 
responsible for the design work. 

The installation and erection du- 


ties are the direct responsibility of 


the Construction Superintendent. 
The erection and installation of me- 
chanical] and electrical equipment is 
done by the electrical and mechani- 
cal departments under the general 
supervision of the Construction Su- 
perintendent. This supervision is 
confined to locating the position of 
the various units of apparatus. The 
Master Mechanic and Chief Electri- 
cian usually do the installation work 
directly under the supervision of 
their superiors. 

All inspection and maintenance 
duties except the requisitioning of 
stores material are the responsibil- 
itv of the Master Mechanic and the 


16 


Chief Electrician. The requisitions 
for mechanical and electrical equip- 
ment usually originate with the Mas- 
ter Mechanic and Chief Electrician. 

The duties and responsibilities of 
electrical men in industrial work 
from a production standpoint are for 
the most part new. The extensive 
use of electrical service even in our 
large plants and the revision of me- 
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chanical details for such operation, 
is a product of our present genera- 
tion of workers, most of whom are 
still young. And those who have 
established for themselves jobs that 
carry recognition have had to fight 
their way to such recognition. It will 
not always be so. For management, 
even when most conservative, places 
responsibility on those who show re- 


Vol.82, No.1 


sults and on this basis maintenance 
engineers in industrial works have 
a much brighter future than they 
may now realize. But nothing will 
be handed to them on a silver plat- 
ter—it’s results that count and of 
these there are aplenty that are 
gradually but forcefully making a 
dent in the consciousness of indus- 
trial executives. 


Four Elements of Maintenance and Operation 


HE EDITORIAL SERVICE of 
INDUSTRIAL ENGINEER is wrap- 
ped around the practical details of 
everyday jobs. For men responsible 
for the operation and maintenance 
of electrical and associated mechan- 
ical systems in all industrial works 
it is their handbook for better oper- 
ating practices and the ways other 
men are handling maintenance prob- 
lems. Under maintenance is in- 
cluded the upkeep of buildings hous- 
ing these systems and the standards 
set up for safety to operators and 
against fire. 

Articles in the paper deal with the 
problems that lie along the path of 
power service that extends from the 
point where power service is re- 
ceived in the plant through all the 
equipment that uses power service 
up to the pulley of the machine en- 
gaged in actual production. In this 
line or path of power service INDUS- 
TRIAL ENGINEER takes up all of the 
electrical and associated mechanical 
parts of the systems involved. 


EN IN CHARGE of works oper- 
ations in industrial plants are 
interested these days in production 


Editorial Se 
electrical and 
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control methods and other ways of 
keeping production at a maximum in 
quantity and in economy. They are 
looking for men who possess imagi- 
nation, initiative and an ambition to 
take on the responsibility of execut- 
ing ideas and plans that will keep 
works equipment and processes run- 
ning smoothly, economically and 
without costly interruptions. 

In every works the responsibility 
for production is carried by a group 
of men—those who supervise work 
and those who actually carry out its 
details. To the men on whom this 
responsibility rests INDUSTRIAL EN- 
GINFER is addressed. In fact, INDUS- 
TRIAL ENGINEER is built along the 
lines of the thinking of these men 
who are analyzing and laying out 
production methods from the stand- 
point of securing better operation, 
fewer interruptions and maximum 
output. 


RTICLES that are pub- 
lished deal with the details of 
jobs being done day by day. 
Moreover, INDUSTRIAL ENGINEER is 
furnishing to the plant man who has 
a supervising responsibility, some- 


of Industrial Engineer in dealing with the maintenance and operation of 
associated mechanical systems in Mills and Factories. 


The four elements of maintenance and operation discussed along the line af Power Service between 
substation or plant switchboard and machines engaged in production. 
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thing that will cause him to think 
more definitely and analytically 
about his work in terms of produc- 
tion. 

To these groups INDUSTRIAL EN- 
GINEER is presenting definite anal- 
yses of how work is done in different 
kinds of plants with step-by-step 

rocedure and the results which have 
een accomplished together with the 
methods which have brought these 
about. It is a handbook of proced- 
ure and helps a man who is groping 
around for practical information to 
put his hand on something concrete 
that he can use in doing a job. In 
brief, the articles presented are 
written around the practical details 
of everyday work in industrial 
plants—such work as installation, 
inspection, overhauling and repair— 
and deal with the different phases 
of these jobs exactly as a man faces 
them when they come to him in his 
own plant. 

They take up each job step-by- 
step as he proceeds in the work so 
that he gets a full, rounded view of 
the problem which is discussed be- 
cause it is presented in exactly the 
way he must handle it. 
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Some Comments on 
Maintenance Work by Readers 
of Industrial Engineer 


NDUSTRIAL ENGINEER has con- 
ducted numerous investigations to 


determine the procedure and prac- 


tices now in operation that have 
been most effective in preventing in- 
terruptions in plant service and 
breakdown of equipment. During 
the past two months we have written 


a number of letters to our readers `- 


who are Works Managers, General 
Superintendents, Electrical Superin- 
tendents,. Chief Electricians, Me- 
chanical Superintendents and Master 
Mechanics and have ‘studied the 
problems of plant maintenance, estab- 
lished an organization to carry it on 
and devised practices which indicate 
the best, procedure to follow. In this 
connection we have asked the ques- 
tions shown in the box in the next 
column. 

On the following pages comments 
are presented from 24 readers of 
INDUSTRIAL ENGINEER in charge of 
maintenance in a wide variety of 
plants. These comments are well 
‘summarized in the statement by 
K. D. Hamilton, Mechanical Engi- 
neer of the George E. Keith Com- 
pany, makers of Walkover shoes at 
Campello, Mass. : 


The duties and responsibilities of the 
man in charge of the maintenance and 


plant operation of any well-organized | 


institution are very broad. He should 


be willing to put his time and energy 


into solving any problem which may 
come up, whether it be one of produc- 
tion, one of new construction, or one 
of maintenance. 

The Plant Engineer or Mechanical 
Engineer in charge of any large plant 


is responsible for any problem which 
comes up other than those relating to 
the direct production problems or poli- 
cies of the institution. His responsi- 
bility covers plant repairs, plant con- 
struction, designs, boiler and engine 
plant equipment and operation, power 
transmission, electrical as well as me- 
chanical, sprinkler system, fire protec- 
tion, plumbing department, watchmen 
and fire alarm. Systems, safety engi- 


Questions Asked Readers 
of Industrial Engineer 


I. What are the main du- 

ties and responsibilities of 

men in charge of mainte- 

nance and plant operation 

in a well-organized 
works? 


What lines of work come 
under their supervision 
and how can they best or- 
ganize a force to handle 
installation, inspection, 
maintenance and over- 
hauling of electrical and 
its associated mechanical 
equipment? In this con- 
nection what work can 
best be handled by the 
Chief Electrician and what 
work by the Master Me- 
chanic? l 

. What kind of changes or 
- rearrangements are men 
in charge of maintenance 
most often requested to 
work out? 
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A composite picture of the Endi- 
cott-Jo n Corporation’s fac- 
tories at Endicott and Johnson 
City, N. Y. 


In works of this kind, frequent in- 
spection of equipment will greatly 
reduce repair bills. Particular atten- 
tion should paid to inspections 
when operations cover a wide area and 
there is a large amount of equipment. 


neering, machine design, machine 
maintenance and operation, invention 
of new processes pertaining directly to 
the production problem. Anything 
which comes to his attention should be 
taken up gladly and given his best at- 
tention. The best organization is to 
have one man responsible for the entire 
plant. Under him should be the neces- 
sary foremen, such as electricians, ma- 
chinists, millwrights, blacksmiths, 
steam fitters, carpenters, engineers, etc. 

The maintenance. organization can 
show the greatest saving in perform- 
ing their work at the least cost, keep- 
ing the plant in constant operation, 
and eliminating shutdowns. 

The other letters, however, bring 
up points of interest in connection 
with maintenance work and defin- 
itely show that maintenance engi- 
neers have an important field in in- 
dustrial work where there is a need 
for more recognition by their execu- 
tive superiors on the basis of the im- 
portance and the value of the work 
they do in keeping machines running 
and production flowing smoothly and 
with a minimum of interruptions due 
to preventable causes. 

Efficient and smoothly running 
works turning out maximum produc- 
tion on schedule time do not just 
happen. They are the logical result 
of the thinking and planning of men 
whose job it is to prevent all inter- 
ruptions in machine production and 
power service. These men can come 
closer to estimating the effects of 
natural wear and tear than anyone 
else in the plant, for they are work- 
ing with the equipment every day 
and know its weak and strong points. 
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Comments by Works Managers 
and Works Engineers 


C. D. Corwin, Works Engineer, Co- 
rona Typewriter Co., Inc., Groton, 
N. Y.: 1. The main duties and respon- 
sibilities of men in charge of mainte- 
nance and plant operation may be 
briefly outlined as follows: 

Maintenance and plant operation re- 
quire men of practically every trade 
with the possible exception of paper- 
hangers and stonesetters. The man in 
charge of maintenance and plant oper- 
ation should be broad gauged, for he 
has as his main duties the selection and 
organization of the proper men to han- 
dle the many diversified problems 
which go to make up maintenance. He 
should so organize his force as to prop- 
erly and efficiently operate the plant 
and to maintain all of it in first-class 
condition at all times. He should se- 
cure the confidence and co-operation of 
the men under his charge to the end 
that every individual will have the com- 
pany’s interest at heart, and will be on 
a constant lookout to render better 
service to all departments. He should 
establish a suitable inspection routine 
in order to anticipate failures and to 
make the necessary repairs and adjust- 
ments before serious breakdowns can 
occur. Much money may be saved and 
much lost time prevented by such regu- 
lar inspection. 

i e maintenance organization 
should be responsible for all lines of 
work in maintaining the entire plant in 
the most efficient operating condition 
including the aesthetic and sanitary 
features. The Chief Electrician can 
best handle all electrical equipment. 
The Master Mechanic can best handle 
all other equipment. It is presumed 
here that the title Master Mechanic is 
synonymous with Plant and Works En- 
gineer, and that if the size of the plant 
demands it there shall be various divi- 
sions, each with its foreman, for in- 
stance: machinery maintenance, tool 
maintenance, building maintenance, 
factory maintenance and safety work, 
and so forth. 

3. Relocation of pipe lines and ma- 
chinery to better facilitate routing of 
work are the important and frequent 
changes made. e maintenance or- 
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6 Helpers 


ganization should have information on 
various types of roofs, concrete and 
brick exteriors, concrete floors, window 
washing, removal of obnoxious fumes 
and wastes. 


John E. Payne, Works Engineer, 
American Malleables Company, Owos- 
so, Mich.: 1. I believe that the main 
duties and responsibilities of men in 
charge of maintenance and plant oper- 
ation in a well-organized works, con- 
sists mostly of planning new installa- 
tions, getting better results from 
existing equipment and systems, plan- 
ning more economical methods and 
handling the unexpected roblems 
which arise in all plants and require 
cool thinking and decisive action. 

2. The work which comes under 
their supervision is highly varied in 
different plants. Personally, I am re- 
sponsible for the entire mechanical and 
electrical equipment, also the build- 
ings. My organization consists of an 
Assistant Master Mechanic and Chief 
Electrician, with one man under him, 
one machinist and helper, two mill- 
wrights and helpers as required, one or 
two electricians and helpers as re- 
quired, one construction foreman and 
gang, one head carpenter and assist- 
ants as needed, one blacksmith and 
helper, day and night fireman for heat- 
ing plant only, plant machinery oiler 
and plant watchman. When the Mas- 
ter Mechanic and Chief Electrician are 


Organization chart showing the 
plan by which the work of the 
electrical department is supervised. 


In addition to the superintendent, his 
assistant and the office force, the de- 
partment consists of 112 men. There 
are ten men who rank as immediate 
supervisors on the job, and 102 work- 
men. The construction section is ex- 
panded at times to provide for the 
existing construction requirements. 
Operators working in the coke depart- 
ment are shown under the authority of 
the coke department electrician fore- 
man, because the coke department is 
somewhat removed from the rest of 
the plant so that the chief operator is 
at a disadvantage in supervising these 
men. 


Asst. Electrical 
Superintendent 


House Engineer 
Electrician Foreman Chief Motor Assistant Chef Sho Chief Teleph C i 
Coke Dept Crane Machinists Inspector Power House Eng. 
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under one head, it prevents disputes 
and “passing the buck.” 

3. Changes mostly requested are 
machine rearrangements to meet new 
production schedules and building 
changes to meet new conditions. 


W. T. Price, Works Manager, West- 
cott Valve Co., Seneca Falls, N. Y.: 
. The main duties of the men who 
look after maintenance in our plant are 
to install all new equipment and keep 
same in good running order, as well as 
to keep all machinery, motors and com- 
pressors in good running order. 

We have about thirty-three mo- 
tors, all started by men appointed to 
do the starting. The inspection of 
same is taken care of by the mainte- 
nance department, along with the 
cleaning and oiling. Maintenance de- 
partment men are directly under the 
Works Manager or General Superin- 
tendent. The General Superintendent 
does all figuring for changes of every 
kind, but also advises with the foreman 
of maintenance department. Repair 
parts should be kept in stock for all 
fuses, as well as an extra set of fuses 
for each fuse box and for motors 
thrown directly across the line; twelve 
fuses should be stocked. 

Almost all of our motors are pro- 
tected with overload relays and, also, 
an automatic controller on the direct 
line between fuse board and transform- 
ers. We have had practically no 
trouble with our electric equipment in 
four years. 7 


H. B. Emerson, Superintendent, Ar- 
lington Mills, Lawrence, Mass.: 1. The 
main duty of the man in charge of 
maintenance and plant operation is to 
keep the plant in condition for the 
maximum amount of production at a 
minimum cost. 

2. All work pertaining to installa- 


tion, proper up-keep, effieient operation 


(including lubrication) and life main- 
tenance, should come under this man’s 
supervision. His force must be organ- 
ized so as to efficiently take care of the 
above work at a minimum cost, and to 
be maintaiMed so that there will be no 
divided responsibility in the work. 

The position of the plant will in a 
measure decide whether the electrical 
and mechanical repairs can best be 
handled by a force within its own or- 
ganization or by an outside party. In 
a number of industrial centers outside 
parties have made a special bid for 
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such work and owing to the amount of 
work handled and the specific equip- 
ment in their shops, can do better, 
quicker, and cheaper work than by a 
force maintained in an individual plant. 
The Chief Electrician should take 
care of all electrical operation and 
maintenance, calling on the Master Me- 
chanic to do any purely machine re- 
pairs. The Master Mechanic should be 
responsible for all machine installa- 
tion, operation and maintenance. 

- In a properly designed plant, 
changes and rearrangements should be 
unheard of, as a modern plant today is 
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generally laid out with the idea of fu- 
ture increase in a certain direction. In 
old plants all kinds of changes and re- 
arrangements to facilitate production 
must be made and the man in charge 
of maintenance will undoubtedly be 
asked to help work out these special 
problems. 

An industrial engineer must be as 
resourceful in maintenance methods as 
a country doctor is in diseases of the 
body and mind and must, as does the 
country doctor, diagnose each individ- 
ual case and then apply the proper rem- 
edies to get the best results. 


Comments by Mechanical Engineers 
and Master Mechanics 


K. D. Hamilton, Mechanical Engi- 
neer, Geo. E. Keith Co. (Makers of 
Walk-Over Shoes), Campello, Mass.: 
To answer all of the questions which 
you have mentioned in the detail in 
which they should be answered would 
require several pages of typewritten 
matter. 

1.. The duties and responsibilities of 
the man in charge of maintenance and 
plant operation in any well-organized 
institution are very broad. He should 
be willing to put his time and energy 
into solving any problem which may 
come up, whether it be one of produc- 
tion, one of new construction, or one of 
maintenance. 

2. The Plant Engineer or Mechanical 
Engineer in charge of any large plant 
is responsible for any problem which 
comes up other than relating to the di- 
rect production problem or policies of 
the institution. His responsibility cov- 
ers plant repairs, plant construction, de- 
signs, boiler and engine plant equipment 
and operation, power transmission, elec- 
trical as well as mechanical, sprinkler 
system, fire protection, plumbing de- 
partment, watchman and fire alarm 
systems, safety engineering, machine 
design, machine maintenance and op- 
eration, invention of new processes 
pertaining directly to the production 
problem. Anything which comes to his 
attention should be taken gladly and 
given his best attention. The best or- 
ganization is to have one man respons- 
ible for the entire plant. Under him 
should be the necessary foremen, such 
as electricians, machinists, millwrights, 
blacksmiths, steam fitters, carpenters, 
engineers, draftsmen, and so on. 

3. The maintenance organization can 
show the greatest saving in perform- 
ing its work at the least cost, keeping 
the plant in constant operation and 
eliminating shut-downs. The greatest 
direct saving can be made in the re- 
duction of power and fuel bills. 

4. The changes and re-arrange- 
ments of problems presented to men in 
maintenance work are many. Most of 
them are machine details, new con- 
struction and power plant work. IN- 
DUSTRIAL ENGINEER can help in attack- 
ing any one of the various phases of 
the maintenance engineer’s work and 
3 out certain practices used in 
arge industrial plants. 


J. P. Hines, Master Mechanic, Lever 
Brothers Company (Makers of Lux, 
Rinso, Lifebuoy, Pear's and other 
soaps), Cambridge, Mass.: Your letter 


asking for comments on various sub- 
jects is at hand and I take pleasure in 
submitting the following, trusting that 
you may be assisted by it in compiling 
data which will go to show that main- 
tenance engineers have an important 
field in industry; also to show the need 
for giving the maintenance engineer 
more recognition on the basis of the 
importance and value of the work that 
he does. 

The main duties and responsibilities 
of men in charge of maintenance and 
plant operation in a_ well-organized 
works are as follows: 

1. To keep the plant in a running 

condition at all times. 

2. To lay out new installations. 

3. To advise regarding the increas- 
ing or decreasing of the number 
of employees coming under their 
supervision. N 

4. To study the products with the 
idea of simplifying their process 
of manufacture both from a cost 
and from a production standpoint. 

5. To advise regarding the selection 
of new equipment to be installed 
in order to determine the best 
and most economical types to 
meet the conditions. 

6. To make a study at all times of 
every possible precaution to safe- 
guard both the machinery and 
operator from injury. 

7. To keep accurate records from 
day to day of the major happen- 
ings of the plant’s operations, 
such as power, water and gas 
consumption, accidents, and the 
like. hese records will often 
prove of invaluable service in 
settling questions of future de- 
velopment as well as placing the 
responsibility for past happen- 
ings. 

The principal work coming under the 
supervision of the maintenance organi- 
zation is: repairs, new installations 
and plans for future expansion. 

At our plant we have a Master Me- 
chanic who reports directly to the Plant 
Engineer, to whom he is directly re- 
sponsible. His duties are to handle all 
new installations, inspections, general 
maintenance, and overhauling of elec- 
trical and mechanical equipment. Di- 
rectly under the Master Mechanic 
comes his staff of assistants, consisting 
of chief draftsman, foreman steam- 
fitter, foreman carpenter, chief elec- 
trician, foreman machinist, chief 
engineer of the power house, and 
head janitor. It is the duty of each 
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of these assistants to carry out 
such orders as come under their indi- 
vidual departments, such orders origi- 
nating in the Master Mechanic’s office. 
The Master Mechanic supervises the 
work of each department and gives his 
final O. K. when such work has been 
completed satisfactorily. 

A well-organized repair force in a 
plant can, to my mind, make the great- 
est saving to the organization. Repairs 
are generally looked upon as a source 
of expense and in most works are put 
off until the last moment. If an actual 
breakdown occurs the more efficient 
the maintenance organization the 
quicker the wheels can be started 
again. It is much better, however, for 
all concerned if the breakdown does 
not occur, and the practice we adopt 
at our plant is to make a thorough in- 
spection of machinery whenever the 
opportunity presents itself. If parts 
are found badly worn they are taken 
out and replaced. Sometimes a vet 
can be repaired and made as good as 
new. This part can then be held for a 
spare. An invaluable asset to the 
maintenance organization is to have in 
charge those who know when parts 
should be repaired and when they 
should be discarded and replaced for 
new ones. Many times perfectly good 
parts are discarded by the inexperi- 
enced when they could be readily re- 
paired. On the other hand it is quite 
often the case that valuable time is 
lost trying to repair parts that can be 
purchased new for half the money. 

The kind of changes or re-arrange- 
ments that men in charge of mainte- 
nance are most often requested to 
work out should be grouped under four 
heads as follows: 1. Changes due to 
growth or expansion. 2. Changes for 
improving the quality of the product. 
3. Changes for shortening the process 
of manufacture. 4. Changes to make 
way for future development. 


Geo. S. Neeley, Master Mechanic, In- 
ternational Shoe Co., S. Wood River, 
Ill.: 1. The duties and responsibilities 
of our maintenance department cover 
everything and anything, mechanical 
or electrical, that could arise in a plant 
of the size and character of this one. 
2. The installation of motors, replace- 
ments, removals of bearings, inspection 
of motor drives, chains and sprockets 
for alignment and lubrication, tests for 
grounds and removing of same, instal- 
lation and maintenance of lighting sys- 
tem, are duties that are assigned to 
the first electrician and a helper. 
Where the work involved is purely me- 
chanical, the electrician usually turns 
this part of the work over to the me- 
chanics of the department but stays on 
the job until every item of work is 
complete and all apparatus is in normal 
service. 

As Master Mechanic, I do not inter- 
fere in regular routine repair work un- 
less results are not as rapid as the cir- 
cumstances would seem to warrant. I 
have been able to develop better initia- 
tive in repair men by making it a prac- 
tice not to interfere with the men when 
once they have a clear layout as to 
what is required. I apor to possess 
a rich experience in both electrical and 
mechanical lines, and therefore keep in 
close touch with all branches of new 
and maintenance work involving these 
lines of endeavor. This is evidenced 
in our output which is easily 75 per 
cent more than the institution was de- 
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signed. to produce, as against only a 
little more than one-fourth its capacity 
four years ago, which was the best they 
could get out of the plant under the 
conditions that then existed. 
3. As head of the maintenance de- 
artment of this plant, I have had a 
hand in Worn: out many details of 
operation that have resulted in such 
advantages that patents have been ap- 
_ plied for in order to protect the ideas 
involved. A good maintenance depart- 
ment can do wonders for any indus- 
trial plant, by close observation and 
applying common-sense, tried-out, me- 
chanical-electrical methods. The job is 
generally what the head of the depart- 
ment chooses to make of it—he can 
easily make it so efficient that every 
other department really leans upon 
him for counsel and support; or he can 
so conduct his department that the re- 
verse of this is true. I have seen both 
types in operation. 
4. Our line of maintenance is a lit- 
tle different from the average, owing 
to the greater variety of leather-work- 
ing machinery in use throughout this 
type of plant. We can apply anything 
in the electrical and mechanical lines 
that suits our case, but, usually our im- 
mediate requirements lie in a field out- 
side these two lines. 


H. W. Hill, Master Mechanic, Ander- 
son Foundry & Machine Co., Anderson, 
Ind.: 1. The duties and responsibili- 
ties of maintenance men vary so much 
in different plants that it would be a 
hard matter to establish a standard. 
Each chief that I have worked under 
has had different ideas, but my main 
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idea is this: When a large installation 


or change is contemplated take all men 
concerned into consultation and see 
that new plans are. satisfactory to 
every one concerned. I had the pleas- 
ure of trying that in, one factory with 
great results. To sum it up in one 
word, it is—co-operation! 

2. In our plant.we have two elec- 
tricians, two millwrights, one belt and 
lineshaft man, and three helpers, one of 
whom does winding in spare time. 


Albert M. Shatto, Cleveland, Ohio: 
I have found that to gain headway in 
any plant requires a lot of co-opera- 
tion by all employes. The Master Me- 
chanic who has the best interests of his 
company at heart is always planning 
something better for the future. If a 
certain machine is not giving the re- 
quired service he finds the cause. If a 
belt drive is the cause of trouble he 
will try a silent chain or a direct-gear 
drive. If the cast-iron pinion does not 
stand the strain he orders cast steel or 
a steel machined one and so on until 
the proper one is found to do the work 
and stand the required strain. And 
what is true of a machine is true in all 
factory lines from its foundation to the 
top of the building.. 

He should know the place to use 
wood in construction and the proper 
place to use steel, brick, stone or ce- 
ment and have a working knowledge of 
the different materials. He should 
have men at his command who can go 
into any branch of his factory and 
make repairs according to his instruc- 


tions. The Master Mechanic is the one 
who is always looked to, to keep the 
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wheels going and the -first one to be 
called upon when they stop. He is al- 
ways checking up on new parts for 
machines, so that if anything breaks 
he has the new part to put in and con- 
tinue production. | 

The duties of the Chief Electrician, 
as I understand them, are to have full 
charge of all electrical sib geome He 
should keep a check on stock re- 
quired for his department. His per- 
sonal supervision should be respected 
and his effort to keep things in the best 
condition should have the co-operation 
at all times of the Master Mechanic. In 
putting in new machines the Chief 
Electrician should always see that con- 
dulets are properly placed and after 
foundations are finished that nothing 
will interfere with setting of motors 
or other equipment. 

The kind of changes that men are 
required to work out deal largely with 
handling of materials. Today every- 
thing must be elevated and conveyed 
by car or track system. Elevators are 
driven either by belt or sprocket chain 
and we must find the best type for the 
material to be handled. the ma- 
terial is too plastic and fills the ele- 
vator buckets and can not be thrown 
out at the discharge end, then we must 
turn to something that will handle the 
material such as the drag flight con- 
veyor of proper design. 

NDUSTRIAL ENGINEEB can best serve 
its purpose by publishing articles on 
handling machine parts in construction 
work and repairs of all kinds, as well 
as articles on new equipment, setting 
forth the most up-to-date method of 
handling and doing things. 


Comments by Electrical Engineers 
and Chief Electricians | 


Philip C. Jones, Electrical Engineer, 


The Goodyear Tire & Rubber Company, 


Akron, Ohio: There are at least two 
distinct systems of maintenance. With 
one method machines are allowed to 
run with no attention other than oiling 
until they break down. Then an order 
is put in and they are repaired. With 
the other system, machinery is period- 
ically inspected and small repairs made 
constantly with the intention of never 
having a breakdown. Both of these 
systems may have modifications. Ex- 
cepting such as power house equipment 
where it is necessary to keep equip- 
ment in service regardless of cost, it is 
an open question as to which of these 
systems is the most desirable. A mini- 
mum overall maintenance cost is the 
criterion. Discussion of these two sys- 
tems, particularly if backed up by cost 
data, would be very valuable. Then, 
too, data from various sources on cost 
of rewinding, cost of changing bear- 
ings, life of bearings, use of ball bear- 
ings or other anti-friction bearings, 
would be of much help to men respon- 
sible for the operation and maintenance 
of electrical and mechanical equipment. 


Robert Drake, Electrical Engineer, 
. McCormick Works, International Har- 
vester Co., Chicago, Ill.: 1. My ex- 
perience has been in large plants. Be- 
side the routine inspection and mainte- 
nance of steam, water, electric, gas 
and other equipment, the really suc- 


cessful chief trains his organization, 
from motor inspectors up, to try to 
study out the cause of trouble and de- 
vise an alteration which will make re- 
currence impossible on the second 
breakdown of any one general type. If 
the gang foreman has constructive 
ideas he should come to the chief or his 
assistant with them. If he can’t see a 
solution, but realizes that two or three 
delays have happened from the same 
cause, he should be trained to call at- 
tention to the fact and give someone 
else a chance to work out a solution. 
Of course, no one can work out a so- 
lution for ordinary wear, burned fin- 
gers and the like, but these things 
should not cause delays for they can be 
taken care of by routine inspection at 
periods of about 60 per cent average 
ife with complete replacement of worn 


parts at 60 per cent life to give a mar- 


gin. This is cheaper than trying to 
get more life out of parts by “watch- 


ing them and running them a little 


while longer.” Such an idea of the 
chief’s duties requires a testing and 
drafting force under his direction. 

2. Division of work between Elec- 
trical Engineer and Master Mechanic 
can seldom be made according to a set 
schedule of duties except during the 
tenure of one man. The division varies 
with the ability, aptitude and previous 
experience of the incumbents. The 
Works Superintendent who alters this 
division to put the work in the “doubt- 


all costs. 


ful zone” onto the man best fitted to 
do it gets best results, assuming, of 
course, that a man who has risen to be 


Superintendent of a large works has 


enough diplomacy to do this without 
_ arousing jealousy. In dividing work it 
is always best to try to arrange it so 


that all the duties of any one foreman 
comes under one or the other head. 

3. In my experience, maintenance 
and design of new construction and al- 
terations come under one head. So far 
as maintenance foremen are concerned 
item (3) is answered under (2). 

4. So few maintenance departments 
have a regular system of routine main- 
tenance and inspection of miscellaneous 
equipment other than motors, starters, 
etc., that a description of how to build 
up such a system, how to carry it on 
and determine periods of inspection, 
and other details, might be of interest. 
This is not at all the most useful thing 
pou I suppose, but it occurs to me 

ecause of the interest shown by plant 


engineers visiting our system. 


5. The matter of greatest novelty 
which occurs to me is a long story. It 
refers to a practical method of testing 


ac. motors without a wattmeter and 


in much shorter time. - 


F. A. Wiley, Electrical Engineer, 
South Chicago, III.: 1. The main duty 
of men in charge of maintenance and 
plant operation in a well-organized 
works is to keep the plant running, at 
Incidental to that is mainte- 
nance of equipment to reduce as much 
as possible unavoidable loss of produc- 
tion and to keep depreciation low. It is 
also their duty to maintain a stock of 
Spare parts and spare apparatus to 
take care of any (Continued on page 47) 
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ORDINARY MAINTENANCE PRACTICE of most large plants 
is well standardized and takes care of tools and equipment ‘up. 
to the point where they are obsolete or otherwise unfit for 


further service. 


no systematic method of handling parts and material which are 
no longer usable, other than to dispose of them as junk. In 
this article Mr. Graham describes the methods which are used 
in the Reclamation Plant of the Santa Fe lines in recondition- 
ing discarded equipment, other than rolling stock, and utiliz- 
ing or handling junk material so that it may be disposed of to 
the best advantage. 


Beyond this point there is, in many instances, 


Here Are 
Some Details of a 


Reclamation Plant for 
Miscellaneous. Equipment 


Where Discarded and Broken-Down 
Equipment Is Rebuilt and Scrap Is i 


Put Into. Usable. or Salable F orm 


By R. k. GRAHAM ` 


General Superintendent, Reclamation Plant, 
The. Atchison, Topeka and Santa Fe 
Railway Co., Corwith, IU. 

aà RGANIZED maintenance work 
() _is essential in order to keep 
equipment. in proper operat- 
ing condition and secure from it the 
maximum possible ‘service. A well- 
planned routine for handling equip- 
ment and material which have 
outlived their usefulness, in the ordi- 
nary sense of the term, and are con- 
sidered as junk, will also pay good 
dividends as we have found by ex- 
perience. 

A very large amount of waste and 
scrap material comprising ferrous 
and non-ferrous metal scrap, worn 
or broken parts, car roofing and so 
on is derived in the course of a year 
from a railway system which oper- 
ates 2,102 ‘locomotives and 80,535 


passenger and freight cars over, 


f 
11,706 miles of teak In the tices 
of the Santa Fe line the work of 
keeping the rolling stock in first- 
class condition has always been well 
organized and executed, but until 14 
years ago liftle or no attempt was 
made to reclaim material considered 
to be beyond repair. Much study 
showed that a good deal of material 


‘which we were selling as scrap could 


be reclaimed or worked into other 


usable forms at comparatively small 


cost. A portion of what is officially 


known as the Corwith yard, on the 


south side of Chicago, was finally 
set aside and an appropriation of 
$65,000 was made to provide build- 
ings and working capital for a plant 
in which this work could be done. 


‘The original shop was a dismantled 


box car. 

The reclamation plant at Corwith 
now covers . twenty-six acres of 
ground and comprises two large, 


A portion of the yard of the Reclamation : 


Plant, where heavy iron and steel scrap is 
sorted and piled . to the classifica- 


tion of the material. 


a gasoline engine 
sorted scrap. The two locomotive cranes 
are equipped with magnets and are used 
for loading and cars. 


brick buildings and a number of 


crane in the 
- center is of the crawler type; it is driven: 
and handles the 


large and small steel-frame buildings 


covered with sheet-iron. 


In keeping with its object, the- 


plant as a whole has been constructed” 


almost entirely of junk or waste mate- _ 
rial. That is, the brick buildings were 


up the yards, or salvaged from other 


` built of bricks which were picked up 
along the right-of-way in cleaning 


buildings or structures which have 


been altered or torn down. The mor- 
tar was made from the slaked lime 
which is a by-product of our acety- 


lene-generating plant. When mixed 


with a small amount of cement this 
lime makes very satisfactory mortar 
and costs us practically nothing. 

The steel framework of the build- ` 


ings which house the various depart- ` 
ments of the plant was fabricated 


from the beams and other structural 


shapes of old bridges and buildings. 


The sheet-iron roofing from wrecked 


or dismantled freight cars was used 


for the roofs and sides of the build- 
ings. This, too, was scrap material 


which cost us practically nothing, 


but was entirely satisfactory for our 
purpose. 

Again, the steel body of a dis- 
carded gasoline motor car was placed 
on a brick foundation and fitted up 
with showerbaths and lockers for the 
use of the rolling mill crew. 


There are six main departments: 
valve shop; hose department; tin- 
shop; blacksmith shop; bolt shop, and 
rolling mill. With the exception of 
the rolling mill the various depart- 
ments are all equipped with lathes, 
drill presses, and other power tools 
which are needed for the processes 
to be described later on. In the roll- 
ing mill we have in operation a 9-in. 
mill, driven by a 300-hp. steam en- 
gine and a 12-in. mill driven by a 
500-hp. engine. These mills will roll 
round material up to 2 in. diameter 
and flat stock up to 1 in. by 5 in. A 
good deal of miscellaneous cutting 
and welding is done both in the shops 
and in the yard by means of the oxy- 
acetylene torch. To supply these 
torches there is a central acetylene- 
generating station which has a rated 
capacity of 800 cu. ft. of gas per hr. 
From this station, both acetylene gas 
and oxygen are piped, at 9 oz. and 50 
Ib. pressure respectively, to the 
different shops and to numerous out- 
lets in the yard, a total of thirty-six 
stations. The torches used for ex- 
terior work are connected to these 
outlets by lengths of rubber hose 
usually 100 ft. long. By this ar- 
rangement we are able to use acety- 
lene at any desired location for cut- 
ting or welding without having to 
transport gas holders from place to 
place by-means of hand trucks, as is 
often done. 


Air brake equipment and valves are 
reclaimed in this department. 


All air brake equipment and valves 
which come in are taken apart and 
washed in the cleaning tank shown 
at the left. They are then carefully 
inspected, any worn or broken parts 
replaced, tested and sent to stock. 
The testing benches for air brake 
equipment were designed and built 
in the shop. The two valve-grind- 
ing machines shown in the right 
background were also designed and 
built here. 
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For unloading cars and handling 
the large amount of scrap material 
which comes to this plant, there are 
available four type G, Industrial 
Works locomotive cranes and one 
Brownhoist crane. Three of these 
cranes are fitted with electro-mag- 
nets. Direct current for the magnets 
is obtained from a motor-generator 
set and conducted through an under- 
ground distribution system to a 
number of outlets fitted with Ralco, 
No. 9 power receptacles and located 
at intervals alongside the tracks. 
From the outlets current is con- 
ducted to the magnets on the cranes 
by a 200-ft. length of cable. In ad- 
dition there is a gasoline-engine- 
driven, Industrial Works crawler- 
type crane which is used for piling 
sorted scrap and for other work 
of like nature around the yard. 
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Old boiler tubes are flattened and. 
cut into washers in this depart- 
ment. 


A small set of rolls, not shown here, 
is used to flatten old locomotive 
boiler tubes after these have been 
cut into lengths suitable for hand- 
ling. Two washers are thus cut at 
each stroke of the plungers of the 
presses shown here. 


By the use of these cranes we feel 
that we have cut our material-hand- 
ling costs to a minimum, consider- 
ing.the nature of the material and 
the operating conditions. 

Scrap or waste material which 
we receive comes from the different 
division points of the entire Santa 
Fe system and is of the most varied 
nature, consisting as it does of all 
kinds of iron and steel, brass, copper 
and other scrap, discarded tools and 
equipment such as shovels, picks, 
track drills and lanterns, all kinds of 
air and steam valves, hose, paper, 
felt, glass, and so on, through the 
long list of equipment and material 
used by a large railway system. Al- 
though the material which we re- 
ceive has been discarded as unusable 
in its present form, not all of it can 
be classified as junk: that is, as 
merely so many pounds of iron, brass 
and so on which will have to be re- 
melted and worked into new prod- 
ucts. A convenient and fairly accu- 
rate classification would be: 

(1) Equipment and parts which 
can be repaired or otherwise treated 
to make them usable, at a reasonable 
cost. 

(2) Material which can be 
worked into other forms at compara- 
tively small cost. 

(3) Material which is in such con- 
dition or of such nature that it can- 
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not readily be put into any useful 
form and therefore possesses only a 
scrap value. 

It is our job to determine to which 
of these classes the various items 
and kinds of material belong and 
then treat them in such manner that 
a useful product can be made at a 
profit or, in the case of scrap ma- 
terial, properly prepare it so that it 
can be sold at the highest market 
price. | 

We receive and handle from ten to 
twenty carloads of miscellaneous 
discarded material a day, or about 
8,000 tons a month. 

All incoming material is weighed 
and the cars are then switched to the 
different unloading points, depend- 


ing on the nature of the material 


which they contain. That is, brass 
and other non-ferrous scrap is un- 
loaded at one place; heavy iron is 
unloaded at another place, and so on. 


After unloading, all of the material 


is carefully sorted out and the dif- 
ferent classes or items placed by 
themselves. All of this is, of course, 


merely the first step in our work. 


The succeeding steps depend, as was 
stated before, on the nature of the 
material. Referring to the classifi- 
cation which was made previously, 
certain kinds of equipment and 
parts are worked over and put into 
usable condition. For example, 
trainmens’ lanterns are thoroughly 
cleaned, bent or broken parts 
straightened or replaced, new globes 
put in if necessary, and finally sent 
back to stock just as good as new in 
every way. Shovels and forks are 
straightened and fitted with new 
handles. Tamping picks likewise are 
dressed and tempered and new han- 


The tin shop turns old car roofing 
into pails, oil and waste cans and 
coal buckets. 


The roofing on freight cars is made 
of about 24-gage galvanized iron. 
When cars are wrecked or disman- 
tled the roofing is removed and sent 
to this department where it is cut 
and formed into oil cans, 


buckets, 
and other useful articles. 


dles put in, whenever necessary. 

Steam and air valves are washed 
to remove all grease and dirt and are 
then taken apart and carefully in- 
spected for wear and defects. Wheels, 
stems, packing nuts or other parts 
that may be broken or worn are re- 
placed and the threads are retapped 
if necessary. The valves are then 
given a rigorous test and if they 
stand up satisfactorily they are sent 
to stock. In the same way ells, tees 
and other fittings are washed, the 
threads recut if necessary and after 
careful inspection sent to stock. Air 
brake equipment is thoroughly over- 
hauled and inspected and tested with 
great care before it is returned to 
service. 

In the case of wheelbarrows, 
frames are straightened, new wheels 
put in, if necessary, rivets tightened 
and any other needed repairs made. 
Track spikes are straightened by an 
air-driven hammer, similar to a 
small steam hammer, and then tum- 
bled to remove all rust. Nuts are 
rethreaded. Bolts are straightened, 
if bent, and rethreaded. If the 
threaded portion is badly battered 
the bolt is cut to a shorter length 
and threaded. Truck and body bol- 
sters which have cracked in service 
or been damaged in wrecks are 
welded with the oxy-acetylene torch, 
and after being annealed to relieve 
stresses, are returned to service. The 


23 


list of equipment and parts which 
are repaired and returned to service 
covers a large number of items. 

The second group in the classifica- 
tion covers material and parts which 
can be worked into other forms. As 
an example, old locomotive boiler 
tubes are cut into suitable lengths, 
flattened in a set of rolls and cut up 
into washers of various sizes. Like- 
wise the heavy galvanized-iron roof- 
ing which is taken from wrecked or 
dismantled freight cars eventually 
goes to the tinshop where it is 
cleaned and formed into large oil 
cans, pails, coal buckets and so on. 

Discarded pipe is cut into short 
lengths which are threaded to make 
nipples and couplings. Old car 
springs which are not of standard 
type are heated to a high tempera- 
ture, uncoiled by pulling them in a 
specially designed machine and cut 
into short lengths, which are then 
made into nail pullers and light 
pinch bars. 

A good deal of the round and flat 
wrought-iron material which comes 
to us is cut into short lengths and 
then made into bundles or fagots, 
heated to a welding temperature and 
rolled into round or flat bars in our 
rolling mill. From 60,000 Ib. to 
90,000 lb. are rolled a day. The 
round bars are made into car and 
engine forgings, bolts of various 
sizes, chains and so on. The flat ma- 
terial goes into coupling yokes and 
other forms. Car axles are now 
made of steel, but when any of the 
old iron axles come in we usually roll 
them down to a size which will meet 
some particular requirement. Jour-. 
nal brasses are heated to a suffi- 
ciently high temperature to melt out 
the babbitt which is cast into pigs 
and used again. If the brasses are 
not too badly worn they are sent to 
an outside concern for re-babbitting; 
otherwise they are sold as scrap 
metal. 

Waste which comes under the 
third classification and possesses 
only a junk or scrap value comprises 
a wide variety of material, inasmuch 
as it includes everything which does 
not come under the other two classi- 
fications. In all cases, however, this 
material is carefully sorted and 
given any treatment which may be 
necessary in order to enable it to be 
sold to the best advantage. For ex- 
ample, large quantities of worn-out 
dry cells which have been used for 
open-circuit signal work are sent in 
to us. These are broken up and the 
zinc shells melted, cast into pigs and 
sold. The (Continued on page 46) 
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Some of the Ways 


Equalizers Will Reduce 


Unb alance and Noise 


In Induction Motors Together with 
Details on Employment of Ring- Type 
Connections for This Purpose 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Department, Westinghouse Electric 
& Manufacturing Company 


HEN any induction motor is 
V in operation there is always 
present a certain amount of 
noise, caused by windage, magnet- 
ism, current and so on. The noise 
caused by unfavorable conditions of 
magnetism and current can, how- 
ever, in some cases be reduced by 
using the proper type of connec- 
tions and employing equalizers. The 
proper connections and equalizers 
are discussed in the following para- 
graphs of this article. 

Magnetic noise is due, for the 
most part, to a pulsating field of 
high frequency which causes the 
laminations to vibrate. The amount 
of noise due to this cause depends 
upon the design of the machine. It 
may be lessened by using the cor- 
rect proportion of rotor slots as com- 
pared with stator slots, by skewing 
the rotor slots, by using magnetic 
wedges and in other ways. 

The current noise is due to un- 
equal air gap, or any other mechani- 
cal, magnetic or electrical dissym- 
metry. Electrical symmetry can be 
secured by employing a well-balanced 
winding with equal coil groupings. 
This will tend to reduce noises 
caused by current. Often, however, 
there are other conditions present 
which cause an unbalance, even 
though the winding itself is perfectly 
balanced. The most common of these 
is an uneven air gap. Under such 
a condition the current noise can be 
reduced. to a certain extent in paral- 
lel windings by the use of equalizer 
connections. In a series winding, of 
course, equalizer connections are not 
possible, and therefore cannot be em- 
ployed to reduce noise. An equalizer 
connection may be applied to any 
parallel connected windings, but its 


ability to reduce noise depends upon 
the particular kind of winding. It 
will be greatest for a winding with 
short jumpers connected top-to-top. 
It will also have some corrective ef- 
fects on a top-to-bottom type of 
connection (long jumper). On the 
right-and-left type of top-to-top con- 
nection an equalizer will be of prac- 
tically no value. The effect of an 
equalizer on these different types of 
winding is discussed later, but first 
it may be well to discuss the effect 
of the unbalanced condition, and the 
reasons for the unbalance. 

Suppose, for instance, we have 
an induction motor with uneven air 
gap due to worn bearings. When the 
rotor of the motor is out of center, 
approaching closer to one pole than 
the others, the air gap of the pole 
it approaches is decreased while the 
air gap of the pole directly opposite 
is increased. Increasing the air gap 
increases the reluctance, which 
means that with the same magnetiz- 
ing current flowing, the total mag- 
netic flux will be decreased. Like- 
wise, at the pole where the air gap 
is decreased, the magnetic flux is 
increased. Where the magnetism 
has increased this will increase the 
pull on the rotor and tend to pull it 
still further out of line. As the mag- 
netic flux on the opposite pole has 
been weakened the pull on the rotor 
on that side has also been weakened. 
Then, what is needed to correct this 
abnormal condition is some means 
of increasing the magnetic strength 
of the weak pole and decreasing the 
magnetism of the strong pole. Now 
this may be done automatically if 
proper provisions are made for a 
path for circulating corrective cur- 
rent. This is the object of the equal- 
izer connection. 

The counter - electromotive force 
and the resistance of a coil or group 
of coils limits the current flowing 
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CONSIDERABLE NOISE in 


an induction motor is usually 
a signal of trouble which 


1 should be remedied. If it is 


caused by unbalanced me- 
chanical or magnetic condi- 
tions it can often be reduced, 
in the case of a parallel con- 
nected winding, by putting on 
equalizer connections. Such 
connections have by far the 
best effect when employed 
with a winding of the short - 
jumper type. There is a num- 

ber of the facts concerning 
equalizer connections which 
are worthy of study. Details 
and information on working 
out these connections are 
given in this article. 


through this part of the winding. 


The current is forced through the 


group ordinarily by means of the 


No. T. 


voltage impressed upon the motor. 


Now in a parallel winding, if dif- 
ferent counter-electromotive forces 
are set up in two parallel paths, a 
circulating current will flow around 
between these two paths. In order 
to make use of this principle for 


correction purposes, this circulating. 


current must flow in the weak pole 
in the same direction as the main 
motor current, thus strengthening 
this weak pole. Conversely, the cir- 
culating current in the strong pole 
must oppose the main motor current, 
thus weakening the strong pole. The 
problem is to apply the different 
counter-electromotive forces in such 
a way that the circulating currents 
will flow in the correct direction 
through the different portions of the 
winding. 

It may be well to explain here 
how this circulating current is in 


phase with the main current, and 


may thus be employed to strengthen 


it or reduce it. In any induction 
motor the magnetizing current lags 
90 deg. behind the applied line volt- 
age. This magnetizing current sets 
up a magnetic field that is in line 
with this current. In turn, this field 
induces the counter - electromotive 
force in the winding, this counter- 
electromotive force being directly op- 
posite to, or 180 deg. behind, the 
applied line voltage. Then, when the 


counter-electromotive force of one 


leg of a parallel circuit becomes less 
than that of the other leg, a cur- 


rent will flow which lags 90 deg. be- 


hind the counter-electromotive force. 
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This current is in phase with the 
main magnetizing current, and is in 
a position to add to or subtract from 
this main current. 

To explain this by a concrete ex- 
ample, suppose the diagrams shown 
in Fig. 1, represent a motor with 
worn bearings, which allows the ro- 
tor to drop downward. These dia- 
grams show only one phase of a 
four-pole motor, the other phases 
being omitted in order to simplify 
the explanation. Suppose the rotor 
has dropped so that it is nearer to 
group 7 and further from group l, 
while the distance from groups 4 
and 10 remains practically the same 
as before. The connection shown in 
drawing M is for a 220-volt motor. 
If the motor windings were perfectly 
balanced and the rotor were in the 
center of the stator, the counter- 
electromotive force on each of the 
four groups would be about 55 volts. 
With the worn bearings, however, 
the counter-electromotive forces in 
the different groups are as shown in 
the small diagram Ma at the right 
of M. The voltages indicated in these 
small diagrams for all of the figures 
in these drawings are counter-elec- 
tromotive forces. Then the voltage 
in group 1 is 50 volts; group 4, 55 
volts; group 7, 60 volts, and group 
10, 55 volts. If the motor draws 10 
amp. the same current is flowing 
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through each of the groups shown 
in this drawing because they are in 
series and, therefore, no corrective 
action can be obtained by equalizer 
connections. 

Next, take the two-parallel connec- 
tion as shown in N. This winding 
has top-to-bottom or long-jumper 


Fig. 1—Advantages of equalizer 
connections on various types of 
windings. 


Each diagram, M, N, O and P, repre- 
sents one phase of a four-pole motor. 
The small diagrams at the right of 
the circular diagrams show the con- 
nections schematically. It is as- 
sumed that the bearings of the mo- 
tor have worn allowing the rotor to 
drop so that the air gap is decreased 
at group 7 and increased at group 1. 
Consequently, the counter-electromo- 
tive force in group 7 is increased 
from normal while that at group 1 
is decreased. The counter emf. of 
each group is shown by the figures 
representing voltage, such as “55y.” 
The letter “A” where it appears rep- 
resents amperes. In drawings N, O 
and P, the counter emf. is. shown 
inside the small drawings, and en- 
closed in parentheses as (60 F.).“ 
This notation denotes the counter 
emf. which would be generated if 
there were no circulating currents 
flowing. But the voltage on each 
side of the parallel paths is quai- 
ized by circulating current. 

voltage is represented by the fig- 
ures outside the diagrams, The draw- 
ings at M show a series connection. 
No 3 can be used on this. At 


a song Jumper, two- parallel 
connection. e equalizer has some 
corrective action. At is a right- 


and - left, two - parallel connection. 
This winding has some corrective 
action without the equalizer but the 
equalizer does not increase it. At 

is the best connection for correc- 
tive action. This is a short-jumper 
(top-to-top) connection. The equalizer 
gives the maximum corrective 
this case. 


Equalizer. 
Connection 


4 
0 
; / 
, Equalizer ; 
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connections. As shown in the small 
diagram next to drawing N, there 
is no corrective action when no 
equalizer is used. Furthermore, 
when the equalizer is employed as 
shown in the right-hand drawing, 
there is some corrective action, but 
this is not very great. It may be 
explained that the figures in paren- 
theses inside of this small diagram 
represent the counter-electromotive 
forces that would be generated if the 
groups were not connected in paral- 
lel. However, when they are con- 
nected in parallel a circulating cur- 
rent flows and the counter-electromo- 
tive forces change, as shown by the 
notations on the outside of the small 
diagram. We show in this diagram 
then that between groups 1 and 10 
a circulating current of 0.5 amp. 
flows. This increases the current in 
group 1, which is desirable; but at 
the same time it reduces the current 
in group 10, which is not desired. 
Likewise, a circulating current in 
groups 7 and 4 reduces the current 
in group 7, which is desirable; but it 
increases the current in group 4, 
which is undesirable. Therefore, 
the corrective effect from this ar- 
rangement is not entirely satisfac- 
tory. 

Next may be considered the right- 
and-left type of top-to-top connec- 
tion, as shown in drawing O. This 
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likewise, is a two-parallel connection. 
When no equalizer is employed, as 
shown in the small figure directly at 
the right of drawing O, the original 
counter-electromotive force of groups 
10 and 7 is greater than that of 
groups 1 and 4, and consequently a 
circulating current flows. This cir- 
culating current of 0.5 amp. adds to 
the main current in groups 1 and 4, 
and subtracts from the main current 
in groups 7 and 10. The result is 
the same as for the equalizer con- 
nection in drawing N. The current 
in group 1 is increased to 10.5 amp., 
which is desirable; but the current 
in group 4 is likewise increased to 
10.6 amp. which is not desirable. 
The current in group 7 is decreased 
to 9.5 amp., which is desirable; but 
the current in group 10 is at the 
same time decreased to 9.5 amp., 
which is not desirable. Connecting 
an equalizer across, as shown in the 
right-hand small figure with drawing 
O, does not alter the positions. The 
circulating currents which would 
tend to flow through this equalizer 
connection are both equal to 0.5 
amp., but they are flowing in oppo- 
site directions, and consequently 
neutralize each other. They have no 
effect on the currents flowing in the 
different groups. 

The next drawing shown in P of 
Fig. 1, illustrates a two-parallel top- 
to-top connection. In this connection 
the first series of groups ends on 
group 4, and the next series starts 
on group 7 which is the next group 
around the stator in the same direc- 
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10-Pole, 2-Phase, 
5-Parallel. 
Top-to-Top 


Top-to-Top 


Fig. 2—Examples of long jumpers 
and ring connections. 


At. M the connections are by means 
of long jumpers to which are tapped 
the various groups. One long jumper, 
for instance, connects all the groups 
of one phase together. In place of 
this the ordinary connection would 
use four short jumpers located re- 
spectively between coils an 4, 
6 and 8, 10 and 12, and 14 and 16. 
This long jumper also acts as an 
equalizer. At N all connections are 
made to rings of which there are six. 
Each of two innermost 

in the diagram takes the place of five 
jumpers. In dition the rings act 
as equalizers. 


tion. This is called connecting in 
parallel “on the half.” Without any 
equalizer connection there is some 
corrective action as shown in the 
small figure directly at the right of 
P. This is the same as was obtained 


in the two previous cases, at N and 


O. However, by putting on an equal- 
izer—as shown in the drawing at 
the extreme right—the maximum 
corrective effects are obtained. In 
this case the circulating current be- 
tween groups 1 and 7 is 1 amp. This 
current adds to the main current in 
group 1, increasing it to 11 amp., 
which is desirable. Likewise, it sub- 
tracts from the main current in 
group 7, decreasing it to 9 amp., 
which also is to be desired. Further- 
more, there is no circulating current 
between groups 4 and 10, which is 
the third desirable condition. Thus 
it is seen by comparing this type of 
connection with the others, that 
it is by far the best for securing cor- 
rective action automatically. This is 
the top-to-top or short-jumper type 
of connection. 

The corrective effect of equalizer 


Vol.82, No.1 


connections with a large number of 
parallel paths is very good. For in- 
stance, in a machine connected as in 
drawing N of Fig. 2, a complete 
group of coils could be cut out with- 
out any apparent effect on the op- 
eration of the motor. There might 
be some unbalance in the line cur- 
rent, but the motor would not over- 
heat. 

Where windings with unequal 
groups of coils are used, care should 
be taken that equalizers connect in 
parallel only such groups as have the 
same number of coils. As many 
equalizer connections as possible 
should be put on a winding. In a 
parallel winding in which three 
groups are in series, there should 
be two equalizer connections; in a 
parallel winding in which four 
groups are in series, there should 
be three equalizer connections; and 
so on. 


RING TYPE OF JUMPER USES LIGHTER 
CONDUCTOR 


The conductors used for these 
equalizer connections usually do not 
need to be as heavy as the conduc- 
tors used for the regular jumpers, 
as they usually carry currents which 
are not very large. Often, however, 
the same wire which is used for a 
jumper connection is extended for 
the equalizer connection. This is 
true particularly in the case of ring- 
type connections or the very long 
type of jumpers such as those shown 
in Figs. 2 and 8. Details for the or- 
dinary use (Continued on page 45) 
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Here Are 
Some Examples of 
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IMPROVEMENTS 


IN 


THE equipment and a wider 


knowledge of the possibilities of the electric are for weld- 
ing and cutting metals have resulted in a constantly in- 


creasing use of these processes. 


In many instances are 


welding and cutting have supplanted other methods of 
performing these operations, at a marked saving in the 


time and cost of doing the work. In this article Mr. Candy 
shows by specific examples the economies and advantages 


in connection with the fabrication of steel structures and 
the manufacture of metal products, as well as in the repair 
of railroad and industrial equipment. 


Arc Welding and 


Cutting Economies 


That Have Been Made by Using These 
Processes for New and Repair Work 


cutting were, until recent 

years, very much limited in ap- 
plication and found their widest use 
in railroad shops. Along with the 
improvement in welding equipment 
and more information regarding the 
application of the electric arc for cut- 
ting and welding a much broader 
field is, however, being opened up in 
various industries where this tool is 
coming into use in manufacturing 
operations. Before the management 
of any organization can determine 
the advisability of installing the elec- 
trical equipment needed for this 


P ROCESSES of arc welding and 


By A. M. CANDY 


General Engineering Department, W est- 
inghouse Electric & Manufacturing 
Co., East Pittsburgh, Pa. 
work it is necessary not only to learn 
the cost of this equipment, but also 
the savings to be expected by re- 
placing present methods and pro- 
cesses with the arc processes. The 
information given below will be of 

interest in this connection. 

An example of the speeding-up of 
manufacturing processes by the use 
of arc welding is found at a certain 
boiler and tank works in West Vir- 
ginia, which makes, among other 


The rivets in this steel freight car were 
cut by the electric arc at a cost of a little 
over one cent apiece. The cost of cutting 
these rivets by other methods average 
between 2⁄4 and 2% cents apiece. 


classes of work, tanks 81⁄2 ft. in diam- 
eter and 10 ft. high. The head and 
bottom are of 5/16-in. steel and the 
shell is of 3/16-in steel. The shell is 
composed of four plates assembled 
with rivets on 2-ft. centers. By the 
arc process one operator can now ` 
weld the shell plating and heads to 
the shell, using a single fillet along. 
the lapped joints, in eleven hours. 
To rivet one of these tanks formerly 
required the labor of six men for 
eight hours. 

Near Vallecita, California, a weld- 
ing company has recently completed 
a 100-ft. tower constructed of spiral 
strips, which incloses a spiral stair- 
way. In all there is a total of 7,200 
welded joints. The engineer of this ` 
job estimates that the weight of a. 
similar tower of the usual riveted 
construction would be about 18 tons, 
compared with an actual weight of a 
little over 8 tons for the steel used in 
the welded construction. The cost of 
the completely welded tower was 
$3,000 as against $12,000 which was 
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Some Applications of 
Electric Cutting and Welding 
In Industrial Work . 


Ri, 
A—This piece of copper slag was E—The same mold at fer it was re- 
cut into four sections by the use paired by arc welding. The re- 
of the electric arc at a total cost pairs cost less than $70, a small 
of 815.40. part of the cost of a new mold. 


+ weld one of these tanks in eleven a 1500-hp., vertical blowing en- 
* hours. It takes six men eight gine was repaired by arc welding 
hours to rivet a tank. for $737.20. 


C—This building, which is 200 ft. G—A V-shape groove was cut along , 
long and 75 ft, wide, was as- the line of the crack and studs 
sembled by arc welding for less put in along the sides, prepara- 
than it would have cost for the tory to arc welding. | 


usual riveted construction em- 

: Pe H—This shows the weld which was 
Ne R finished in 41 days and cost less 
D—A broken mold for making au- than $750. A new cylinder would 
tomobile tires, before welding. have cost $12,000 and could not 
These molds cost from $200 to have been obtained in less than 
8500 apiece. nine months. 
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B—With the ‘arc one operator can F—A 5-ft. crack in the cylinder of 
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the lowest bid 7 a riveted struc- 


tural ‘steel tower. 
large diameter haye also been laid; 


pipe. It was found that the pipe 
could be made from plate material 
rolled to the required, diameter and 
length and then are welded, thus pro- 
ducing it at a cost appreciably below 
the market price of the same size 
pipe. The sections of the pipe were 
welded together, end to end. This 
pipe line was used for dredging and 
showed a life several times as long 
as that of so-called standard dredge 
pipe. 

In 1922 a 3,000,000 cu. ft. gas 

holder, 200 ft. in diameter and.100 
ft. high above street level, was en- 
tirely constructed by arc welding by 
the Metropolitan Gas Company, of 
Melbourne, Australia. This holder 
comprises three telescopic lifts each 
30 ft. high. When the job was com- 
pleted only six pinhole leaks were 
found in the entire envelope, which 
weighs 600 tons and contains over 
20 miles of lap-welded joints. The 
engineers of this company were 80 
well satisfied with the job that a still 
larger holder was later constructed, 
involving four telescopic lifts each 
30 ft. 
: As another instance of the possi- 
bilities of using electric welding in 
construction work, one of the ac- 
companying illustrations shows a 
factory building, 200 ft. long by 70 
ft. wide, the structural steel work of 
which was entirely assembled by arc 
welding at an appreciable saving 
over riveted construction. 

In the field of repair work, the 
savings which are made. by are weld- 
ing in place of other methods are 
sometimes very large. For example, 
one of the illustrations shows a 
broken locomotive cylinder, the cyl- 
inder ready for welding, and the 
completed job. The saving, com- 
pared with the cost of installing a 
new cylinder, is indicated by the fol- 
lowing data: 

Cost of welding eylinder (la- 


bor and material) $ 125.00 
Time out of service—5 days.. 100.00 
!! tude eee. $ 225.00 
Cost of new cylinder ready for . 
locomotivtiiee $1,000.00 
Labor to replace it .......... 150.00 
Locomotive out of service 18 
i ͤ ĩðͤK ĩ oes eas 360.00 
i ue $1,510.00 
Credit for scrap’ va 21 ue of 
eylinde rr cscs 177.00 
rr 8 $1,333.00 
Cost of welding cylindér..... 225.00 
Total saving $1,108.00 


are. 
one job involved about 30,000 ft. of 
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Forge shops can save appreciable 


sums of money by repairing worn 
Pipè lines using welded pine. of : 


and chipped dies with the electric 
Elsewhere there is shown a 
number of blanking dies for eye 


rods, bolt heads and other parts 
which have been reclaimed for serv- 


ice at a cost of from $5 to $10 apiece, 
whereas the cost of new dies will run 
from $35 to $50 each. The welded 


dies will develop from 50 per cent 


to 80 per cent of the life of a new 
die. In many cases however the abil- 
ity to repair a die will eliminate the 
long delay required for obtaining a 


new die and therefore the saving in 


production time will be several times 
the cost of welding. 

Another illustration shows an au- 
tomobile tire mold before and after 
repair by the arc process. These 
molds cost from $200 to $500 apiece, 
depending upon the size and partic- 
ular tread design which is cut in by 
hand. The cost of repairing this die 
by welding was as follows: 


Preparation of casting ........ $14.40 
Stud bells 3.00 
Steel to replace broken lugs.... 17.75 
Welder’s tinuinune 6.00 
Welding wirr 3.20 
Electric powerrrr 5.00 

Total nisemi wise winders $69.35 


Again, very large savings are be- 
ing made in steel mills on many 
classes of equipment. In one in- 
stance the cylinder of a vertical 
blower engine, 80-in. bore, 60-in. 
stroke, 1,500 hp., which was cracked 


A saving of $1,108 was made by 
welding this locomotive cylinder 
instead of buying a new one. 


This shows three steps in the 
process of welding a cracked loco- 
motive cylinder by the electric arc. 
In the upper illustration a V-shape 
groove has been cut along the line 
of the crack and a number of small 
holes drilled and tapped to receive 
steel studs. The illustration at the 


left shows these studs in place and 
the cylinder made ready for weld- 


ing. The finished weld is shown at 
the right. The studs are used to ob- 
tain a firmer union between the old 
metal and that deposited by welding 
and thus make a stronger weld. 
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for a -distance of 5 ft. on one side 
and 3% ft. on the other, was re- 
paired by welding. The total. cost 
of repairing the cylinder, including 
reboring, was $737.20, compared 
with $12,000 for a new cylinder. The 
total time required for repairs was 
327 hours, against 9 months required 
for delivery of a new cylinder ready 
for installation. 

Again, mill spindles are being 
built up by the- are process in many 
plants. The larger spindles will cost 
several hundred dollars each. Rod 
mill spindles, costing $145 each, can 
be reclaimed for $25 to $30 apiece 
and the welded spindles usually give 
longer service than the original cast- 
ings. It is not unusual to build up 
by welding spindles which are so 
badly worn that the cost of welding 
will be equal to the cost of a new 
spindle. The mill operators justify 
this, however, by the fact that the 
ability of the old spindle to with- 
stand the service is known, whereas 
if a new spindle is installed it may 
fail prematurely. 

Steam railroad shops and electric 
railway shops have saved their com- 
panies thousands of dollars a year 
through the use of arc welding in the 
maintenance of rolling stock and 
equipment, as is shown by a few typ- 
ical items given in an accompanying 
table. 

In the field of metal cutting, the 
arc process (Continued on page 45) 
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F WE ALL had the same 

likes and dislikes com- 
bined with equal ability 
and were 100 per cent 
perfect, this would be a 
queer sort of a world. But 
in the plan of our Creator we are all different in some 
one, two or more ways and it’s good that it is so. Too 
often we do not know this nor realize the way these 
differences can be made use of in life’s work, its 
responsibilities and its rewards. 

Perhaps the plainest indication of this weakness 
in our thinking is the attitude, shown so frequently, 
that failure to do the thing that seems perfectly evi- 
dent is due to the fault of the other fellow. And when 
we fall short the suggestion that first comes to mind 
is that, “I have done my part but the other fellow 
has lain down on the job.” Perhaps he did, but if that 
other fellow’s work was in any way associated with 
your own, you, yourself, share his failure when you 
do not show a willingness to avoid the failure that 
you happen to be able to foresee. 

In a word, we are fellow workers in a great job, 

each doing a part, and the completed work will be 
pleasing and satisfactory to the degree that helpful 
co-operation is reflected by all. In short, then, no man 


A Viewpoint 


on Passing 
the Buck 


the right to pass the buck or ride on the ability of 


is fellow worker. It’s a simple case of push or pull! 
If you can’t push or pull, then get out of the way, but 
do that in recognition of the one who is at your heels 
and from whom you can learn something so that you 
will known when and how to push or pull next time. 
— — 


N a paper on The Me- 

chanical Engineering of 
Management in the Metal- 
Working Trades, at the 
recent annual meeting of 
the American Society of 
Mechanical Engineers, Robert T. Kent, a well-known 
consulting engineer, pointed out that before good man- 
agement can become effective, it must be preceded by 
good mechanical engineering. This includes the engi- 


Importance of 
Maintenance 


in Production 
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neering of the product as well as of the plant and equip- 
ment. All this work should be preliminary to time 
studies, schedules and other managerial functions. In 
discussing the engineering of the plant equipment— 
machinery, plant layout, and material-handling devices 
—Mr. Kent emphasized the importance of good main- 
tenance as follows: 


The question of power bears an intimate relation to 
duction and management. This subject means more t an 
the power plant; it means power actually available at the 
cutting tools. This takes us back through the machine 
gearing, the belts and countershafts, lineshafts and motors 
to the generators, engines and boilers * * * *. 

Proper maintenance not only reveals the causes of lack 
of power, but frequently prevents these causes from occur- 
ring. It may, therefore, be proper to list a few of the 
causes of inadequate power that have come under the 
author’s observation, and which were removed by the estab- 
lishment of a proper routine of maintenance. These in- 
cluded lack of tension in belts; belts too light for the ma- 
chinery; excessive lineshaft friction, remedied by the instal- 
lation of roller bearings; machine gearing too light for the 
duty 5 on it; variations in voltage, due to improper 
power plant operation; the driving from the same lineshaft 
of machines requiring a relatively constant amount of power 
and of machines taking heavy drafts of power at more or 
less frequent intervals * * 

Proper and adequate inspection and maintenance of the 
power-generating and transmission appliances will fre- 
quently postpone to the distant future the purchase of addi- 
tional boilers, turbines, and generators, even in cases 
where these apparently are badly needed. 

There is another feature of maintenance which should 
not pass unnoticed. Nothing upsets production so much 
as equipment failures. The cost of a belt breaking during 
working hours far exceeds the cost of repairs to the belt. 
It includes the cost of idle equipment, of the wages of idle 
mechanics while repairs are being made and, perhaps most 
important of all, the loss of production and the disruption 
of the shop schedule. The same remarks apply to all other 
equipment failures. It is worthy of note that equipment 
failures seldom occur where regular maintenance is a part 
of the shop routine. Maintenance provides for preventive 
repairs, and insures against breakdowns. It may be set 
down almost as an axiom that shop maintenance is one of 
the fundamentals of good shop management. 


. Good production, backed by effective management 
should see that all the preliminary details of operation 
and its continuance are provided for before it can ef- 
fectively produce through the managerial functions of 
planning, scheduling and controlling of work. A “key” 
machine down for repairs can throw a big monkey 


wrench into the gears driving production. This state- 


ment is as true in other lines of industry as in the 
metal-working trade. 


— 


N INSTALLATION 

Engineer for a large 
company recently called 
attention to several in- 
stances where failure of 
the engineering depart- 
ment to keep their layouts up to date, in works in 
which he was erecting equipment, was the cause of 
much delay and expense. In one case, a 24-in. water 
main, which was not shown on any plan and whose 
existence had been forgotten, was discovered after most 
of the required excavating had been done. Inasmuch 
as this pipe interfered with the new equipment and 
could not be moved the latter had to be redesigned to 
meet the new conditions. 

In another instance excavation uncovered a large 
number of underground ducts containing cables and 
water and air lines. These, too, were not shown on the 
plant layout and had been forgotten. Again, redesign- 


Does Your Plant 
Layout Always Tell 


the Whole Truth 
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ing of the new installation was necessary, at a cost of 
several hundred dollars and nearly a month’s delay in 
getting the equipment installed. 

Instances of this sort are by no means as rare as 
might be supposed, but they represent a state of affairs 
. for which there is little real excuse. It is true that in 
most works of any size extensions or changes are con- 
.stantly being made, but that is all the more reason why 
_ these changes should be promptly and accurately re- 
corded on the plant layout. Unless all power circuits, 
water, gas and other lines are clearly shown. serious 
delays may be occasioned by the necessity of tracing 
‘out these arteries after failure has deprived the works 
‘of the vital service which they render. 

An unreliable guide is worse than no guide at all, 
because it may not only give a false sense of security, 
but the information which it supplies may be mislead- 
ing, and therefore dangerous. 
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HY WILL an outside 
firm pay you an in- 
crease in salary when they 
, heed you? Why won't 
your own firm pay vou 
more to stay? One of them 
knows your present ability, the other merely knows you 
in a casual way. The outside firm, however, will not 
be fooled very long unless you produce the goods that 
it requires. Have you ever stopped to consider that 
your own firm might pay you more if you were deliv- 
ering what the outside firm expects to get from you? 
Perhaps your own firm has you catalogued for one job 
and you are simply fulfilling the duties of that job 
and no more. 


The shop foreman, to become an assistant superin- 


tendent, must know how to do the construction fore- 
man’s work, for how else can be hope to boss the con- 
struction foreman if he is unfamiliar with the work 
that the latter does? Likewise the shop foreman must 
know how to do a great deal of the superintendent’s 
work, for he cannot be an assistant superintendent and 
expect the superintendent to do his work for him. In 
the final analysis the man who gets the increase in pay 
is the man who is in line for promotion and he is the 
one who not only does his work well, but can also do the 
work of his associates and has made his superior feel 
that he can do the boss’s work, too, when the opportu- 
nity or emergency comes up. 


How to convince a superior that such is the case 


calls for diplomacy in addition to ability. It can be done 
by displaying initiative on your own job, by doing your 
own job better than it was done before and by origi- 
nating methods for doing it. These things show the boss 
that you can use your head to think as well as carry 
your hat. 

Initiative, originality and resourcefulness can be 
developed in two ways—by reading and studying the 
books and methods of men who have done the things you 
are striving to do, and by contact with the men who 
are now doing the things that you want to do. But all 
of this study and contact is of no avail unless you are 
able to apply it to your own job for it is the applica- 
tion of what you know that lifts you up the ladder of 
success. | 

The requirements of success are the same in the 
plant across the street as in your own plant; so why 
not stay at home and get the job you want? 


enjoyed before. 
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CCORDING to our 
method of measuring 


The New Year 


and Its time, another twelve 
ortunities months of accomplishment 

Op 7 is behind us ee à new 
twelve months’ riod of 


opportunity is end Hardly anyone who takes him- 
self seriously is quite satisfied with what he has done 
and at this time of the year, when the deficiencies of 
1923 go with the work of that period, it’s natural and 
right that a fresh start should be made with all the 
confidence in the world that new things can be accom- 
plished and placed to your credit in 1924 through 
proper and diligent application of the experience of hon- 
est effort already accumulated. 

It is important that the viewpoint be right and 
the aim set high in this mental inventory of one's 
capabilities and in this connection we believe there is 
a whole lot of practical inspiration in those lines of 
Edgar A. Guest which go as follows: 


The many will follow the beaten track 
With guideposts on the way. 

They live and have lived for ‘ages back 
With a chart for every day. 

Someone has told them it’s safe to go 
On the road he has traveled o’er, 

And all that they ever strive to know 
Are the things that were known before. 


The things that haven’t been done before 
Are the tasks worth while today; 
Are you one of the flock ha follows, or 
Are you one that shall lead the way? 
Are you one of the timid souls that quail 
At the jeers of a doubting crew, 
Or you, whether you win or fail, 
Strike out for a goal that’s new? f 
Economists and business men have already ex- 
pressed a confidence in the stability of business ahead. 
No threatening clouds are yet on the horizon. So with 
such a bright and cheerful beginning, we wish you, one 
and all, a wider vision and happiness and prosperity 
during 1924, in a fuller measure than you have ever 


— — 


HOSE who have been 

following the series of 
articles which have ap- 
peared in the INDUSTRIAL 
ENGINEER, covering power 
transmission equipment 
i as gears, pulleys, belts, silent chains, flexible 
couplings, clutches and cutoff couplings, have probably 
noticed that practically the same statements in regard 
to operating conditions have been made in connection 
with each item. Particular emphasis has been laid in 
each case on three primary essentials to good service 
—proper capacity for the operating conditions, correct 
installation, and the necessary attention after in- 
stallation. 

Where power transmission equipment has given 
trouble the cause can almost always be traced directly 
back to an utter disregard of one or more—frequently 
all three—of these primary considerations. Many 
pieces of equipment carry a black reputation in. some 
plants when the real responsibility rests, not on the 
equipment, but upon the man whose job it is to get the 
most out of it under conditions that will make this 
possible. For carelessness and negligence there is no 
good excuse. 


Why Power 


Service Equip- 
ment Goes Wrong 
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and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
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question that you can 
answer from vour er- 
perience. 
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machine tools, while the other oper- 


Who Can Answer 
These? 

Putting Tires on Wheels of Bandsaws— 
Will someone be kind enough to tell 
me what is the best method of put- 
ting tires on the wheels of band- 
saws? I shall appreciate this infor- 
mation very much. 

Chicago, Ill. J. W. C. 
e W „ „ 

Winding Data for 15-hp. Motor — Will 
some reader of INDUSTRIAL ENGINEER 
please show me how to figure the 


winding for a motor in which the out- 


side diameter of the stator lamination 

is 17 in., and the inside bore is 12% in. 

The axial length of the core is 4% in. 

The primary slots are 1% in. deep 

and the slot width is 7/16 inches. 

The tooth width is % in., and there 

are seventy-two slots. I want this 

motor to have six poles and develop 

15 hp. l 

‘Fayetteville, N. C. E. A. K. 
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Transformer and Balancer Coil Con- 
nections—In our plant we are oper- 
ating one 50-hp., one 30-hp., two 5- 
hp., and two 214-hp. three-phase, 60- 
cycle, induction motors. The light- 
ing load, single phase, amounts to 
about 10 kw. I wish some reader of 
INDUSTRIAL ENGINEER would give me 
a diagram showing how to connect 
three 5-kva. single-phasé transform- 
ers and balancer coils to;obtain 110- 
volt single-phase. current for light- 
ing from the 220-volt, three-phase 
line from our alternator. Will you 
also show me how to cut in on the 


power company’s transformer in case 
our machine should get out of order, 


and how to cut out their meters and 
transformers both at the same time 


hen our. machine is ready to be. 


ut in service again. 
etroit, Mich. 

2 * 
Trouble with Large Generator —I wish 
some reader would answer the fol- 
lowing questions: (1) We have a 
150-kw. Westinghouse generator that 
will not compound when the load is 
applied. That is, when the load is 
on the voltage drops too low. For- 
merly this generator carried the load 
satisfactorily but during the past 
year we have been having trouble 
with it. What is the cause? (2) 
Should it be possible to ground to- 
gether that is, connect the ground 
leads, of two generators, one of which 
supplies current to motors driving 


O. C. H. 


ates a motor which is connected to a 
pump? When we groune the genera- 
tors together the breakers open and 
we have trouble, which disappears 
when the grounds are disconnected. 
What is the explanation of this? (3) 
Can two motor-generator sets 
operated in parallel when their volt- 
ages are the same but they are not 
of the same size and do not run at 
the same speed? One set is rated at 
200 kw. and runs at 1200 r. p. m., 
while the other set is rated at 150 
„ kw. and runs at 900 r. p. m. (4) We 
have two generators, one of which is 
in a motor-generator set running at 
900 r. p. m., while the other is steam- 
driven and operates at 225 r. p. m. 
The voltages of these generators are 


the same. Can they be operated in 
parallel? 
Beaverdale, Pa. M. A. L. 
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Why Do the Fuses on this Circuit 
Blow?—I recently wired a large con- 
' crete warehouse and should like to 
know why the 10-amp. fuses on the 
watchman’s lighting circuit blow 
after the current has been on for a 
few hours. As shown in the diagram 
below, this circuit is controlled by 
two 3-way switches. No. 8 wire in 
l-in. conduit is used throughout for 


this 110-volt a. e. circuit which con- 


3 Way Switch 


100 Watt Lamp ` 


= Wey Switch 


tains five 100-watt lamps. From the 


panel to the first pull box, A, a circuit 
of No. 12 wire runs in the same con- 


duit, and from the pull box, B, 


through the light X, another circuit 
of No. 12 wire is pulled through the 
same conduit. A grounded neutral at 
the transformer secondary supplies 


this building. Can some reader help | 


me out? =e 
Los Angeles, Calif. A. W. W. 


rise in temperature. 


ing rate. 


Answers Received 
To Questions Asked 


In his question in the December 
number of INDUSTRIAL ENGINEER; 
J. H. F. wants information on deter- 
mining the charging rate of a stor- 
age battery. I will tell him of some 
methods I have used and which I 
think will help him solve his problem. 

If the ampere-hour capacity of 
a storage battery is known, the 
charging rate can be found by divid- 
ing the capacity by 8. For instance, 
if the battery has a capacity of 80 
amp-hr., then 80 — 8 = 10 amp. for 
the charging rate. , 

However, if the ampere-hour ca- 
pacity is not known, another safe 
method is to charge at the rate of 
1 amp. per positive plate per cell of 
the storage battery. i 

Another way of judging the 
charging rate is by observing the 
| The tempera- 
ture of a battery which is being 
charged should not exceed 105 deg. F., 
or at the most 110 deg. F. If 
J. H. F. will put his battery on 
charge and watch the temperature 
for a time he may be able to deter- 
mine very closely the proper charg- 


J. H. BLAIR. 
Moundsville, W. Va. Doa 
x 1 & * 


Controlling Group of Polyphase Motors 


with One Compensator.—I should 
like to know if any reader of Ix- 
DUSTRIAL ENGINEER has had ex- 
perience with starting and stopping a 
group of polyphase motors, using 
‘only one compensator. This method 


is given in various textbooks, but 


details and specifications are lacking. 
We have a group of 440-volt, three- 
phase, 25-cycle motors ranging from 
40 to 75 hp. which are started under 
-no-load conditions, and very infre- 
quently. If ane common compensator 
is employed in conjunction with in- 
dividual, double-throw, enclosed 
safety switches, can the latter be 
equipped with quick make-and- break 
and made fool proof by having to be 
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thrown first in the starting position? 
How can no-voltage and overload pro- 
tection be obtained? 

St. Louis, Mo. M. K. 
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M. K. asks in the September issue 
about starting several motors from 
one compensator. When making an 
installation of this kind it is well 
to consider all of the factors in- 
volved as the cost of the complicated 
wiring may offset any anticipated 
advantages. I have installed sev- 
eral such systems successfully and 
the accompanying diagrams show the 
layout of two installations that gave 
good results as far as safety, con- 
venience, and low maintenance cost 
were concerned. 

The circuit in Fig. 1, A, is used 
to control seven closely grouped mo- 
tors. The compensator and switches 
were all. mounted on one panel. As 
the motors can be started consecu- 
tively by one man, the compensator 
needs to be only large enough to han- 
dle the largest motor of the group. 
Oil switches are used throughout as 
any type of airbreak switch would 
be hazardous for this service. Low 


— 
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__ Gireuit Breaker with Low Voltage Release 
eae ee 
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Fig. 2—Details of latch which was 
slipped over switch handles for 
safety in operation. 


voltage protection is obtained from 
a circuit breaker in the mains. 

The circuit in Fig. 1, B, is used 
to control a group of motors scat- 
tered over one entire floor and has 
never been out of service. The auto- 
transformer is automatically con- 
trolled by a magnet switch operated 
from auxiliary contacts on the in- 
dividual motor switches. Fool-proof 
starting was obtained by mounting 


Fig. 1—Method of controlling a 
group of motors from one com- 
pensator. 
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a sliding latch, as shown in Fig. 2, 
on the switch handles. Panel- 
mounted switches were used and a 
latch was put on each one. The latch 
is slipped over the switch handle and 
mounted on the rear of the panel. It 
is operated by the projections at the 
start and stop positions. This is a 
rather flimsy and impractical-look- 
ing affair, but it has given satisfac- 
tory service. The compensator must 
be large enough to handle the num- 
ber of motors liable to be started at 
one time, as the switches are scat- 
tered and can be operated by differ- 
ent men at the same time. I hope 
that the above will be of some value 
to M. K. D. F. O’DONNELL. 

Chicago, III. , 

8 t + # 

In answer to the question asked 
by M. K. in the September issue, 
motors of anywhere near 40 to 75 
hp. should, for various reasons, each 
have its own compensator with low- 
voltage release and overload relays. 
Any one motor which is overloaded 
should be able to trip the relays, and 
yet relays should not operate at full 
normal load. It would, therefore, 
be very hard to obtain the desired 
results with only one compensator 
for a number of motors. Again, if 
only one compensator were used it 
would have to have sufficient capac- 
ity to handle the combined motor 
load, which would not provide pro- 
tection for any one motor which is 
overloaded if the others happen to 
be underloaded at the same time. A 
separate compensator, with all re- 
lays set about 25 per cent above the 
full load rating of each motor, will 
provide safety and good protection. 

New Britain, Conn. H. S. RICH. - 

* „ „ ** 


Methods of Storing Spare Motors—I 
should like very much to have some 
of the readers of INDUSTRIAL ENGI- 
NEER describe the methods which they 
have devised for storing motors in 
such manner as to require the least 
possible floor space. We have over 
200 spare motors ranging in size 
from % hp. to 85 hp. A crane is 
available and we can pile as high as 
twenty feet, but floor apace is lim- 
ited and I must use it effectively. 
Media, Pa. A. S. H. 


A. S. H. asks in the October issue 
how motors can be stored so as to 
utilize floor space most effectively. 
Many motors of various sizes can 
not be stored as compactly as one 
would wish, but floor space can be 
saved by arranging them in pyramid 
fashion; that is, in separate pyra- 
mids. : l 

I would suggest that he arrange 
four motors in a square; place short 
planks across them both ways and 
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place thereon three or four motors 
of a smaller size. Cover these with 
planks and place one or two small 
motors on top. 

He can then arrange other pyra- 
mids in the same way, economizing 
on floor space. Thus, for every four 
motors on the floor there are four 
or five more above. This scheme 
permits a crane to take down any 
pyramid to reach any certain motor. 
Of course, it would pay to catalog 
them all and identify them by letters 
or numbers while in storage. 

New Britain, Conn. H. S. RICH. 
1 Xx X * 


Operating Two-Phase Induction Motor 
on Three-Phase Circuit I should like 
to know if a two-phase induction type 
or squirrel cage motor can be run on 
a three-phase circuit, keeping the 
same speed and pulling the same 
load. I should like very much to 
have someone give me a diagram of 
such a hook-up and state if the two 
finishing ends of both phases or the 
start of one phase and the finish of 
another are hooked together. On what 
principles will the motor operate? 
Chicago, Ill. J. H. B. 
In answer to J. H. B., whose ques- 

tion appeared in the October issue, 

a two-phase induction motor can be 

reconnected to operate on a three- 

phase circuit. On & two-phase, 4- 

pole, 220-volt motor you have eight 

pole groups. Now in order to oper- 

ate this motor on three phases, 220 

volts, the coils will have to be re- 

connected so that you will have 
twelve pole groups. About 20 per 
cent of the coils will have to be cut 
out or left dead and the motor op- 
erated on the remaining 80 per cent 
of the coils. The speed will remain 
the same but the horsepower will be 


reduced about 15 per cent. Some of 


the coils must be cut out in order 
to keep the temperature of the motor 
as nearly normal as possible. Some- 
times it is possible to reconnect a 
two-phase motor for three phases 
and use all of the coils, and then 
it will have practically the same 
horsepower. In emergencies a T“ 
or Scott connection may also be used. 
Albany, Ga. B. BELCHER. 
ER Xx & * 


In answer to J. H. B. in the Octo- 
ber issue, I believe that you have 
the Scott or “T” connection in mind. 
One end of phase A is connected to 
the center of phase B, and the other 
end of phase A and both ends of B 
are the line leads, for three-phase 
operation. 

An important thing about the “T” 
connection is that the stator must be 
connected long jumper or top-to-bot- 
tom in order to obtain good results. 

If the short jumper connection is 
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used and the air gap is not uniform, 
a higher voltage will be generated 
on the side on which the gap is 
smallest. This will unbalance each 
phase and cause the motor to over- 
heat. With the long jumper a north 
pole cannot be affected without af- 
fecting a south pole; therefore, the 
winding will be self-balancing. 

If the motor is 5-hp. or above, 14 
per cent of the number of turns or 
coils in phase A must be cut out of 
circuit. If this is not done there 


8s 
Diagram of T connection for oper- 
ating two-phase motor on three- 
phase circuit. 
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would be a higher voltage in one 
phase which would cause the motor 


to give poor results through over- 


heating, cutting down power factor 
and starting torque. With the same 
temperature rise as when the motor 
was operating two-phase, the horse- 
power output will be in the neigh- 


‘borhood of 87 per cent. 


If a two-phase motor is to be used 
permanently on three-phase it will 
pay to rewind it. For three-phase 
operation put in 1.73 times the total 
number of turns per phase with wire 
one size larger than is now used in 
the present winding and reconnect 


star with the same number of cir- 
.cuits as there were for two-phase op- 


eration. P. P. SCRIBAUTE. 
San Francisco, Calif. 
+ „ # „* 


Changing Small D. C. Motor to Operate 
on Alternating Current—I shall ap- 
preciate it very much if someone 
can tell me how I can rewind a small, 
22-volt, direct-current, Hamilton- 
Beach vibrator motor to operate on 
110 volts alternating current. The 
armature has 21 turns of No. 26 
enameled wire and two coils per slot. 
The span is 1 to 6. The pite of the 
leads is straight out. The two field 
coils are wound with 116 turns 
No. 21 wire and the motor is con- 
nected in series. 
Minneapolis, Minn. H. E. S. 


In answer to the question by 
H. E. S. in the November issue on 
changing a 22-volt, direct-current 
Hamilton-Beach vibrator motor to 
operate on 110 volts alternating cur- 
rent, I would recommend that he 
use on the armature fifty turns of 
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No. 35 enameled wire, two coils per 
slot, 1 to 6 span, and bring the leads 
straight out. Each field should be 
wound with 380 turns of No. 32 
enameled wire. 

I hope this information will en- 
able H. E. S. to make the desired 


changes. E. H. WINKLER. 
Chief Electrician. 


Allen B. Wrisley Company, 
Chicago, Ill. 
®t + t+ * 

In answer to H. E. S., whose 
question appeared in the November 
issue of INDUSTRIAL ENGINEER, I 
would wind the armature with 
ninety-four turns of No. 33 B. & S. 
gage d.s.c. wire, making the connec- 
tions to the commutator the same as 
with the old winding. Wind the 
fields with 522 turns, No. 28 B. & S. 
gage enameled wire. With this 
winding I believe his motor will give 


satisfactory results. B. BELCHER. 
Albany, Ga. A 
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Finding Commutator Pitch of Arma- 
ture Coil with Test Lamp—I should 
like to have one of our readers an- 
swer the following questions: (1) 
What is the best and quickest method 
of finding the commutator pitch of 
an armature coil with a test lamp? 
(2) What is the quickest method of 
stripping a partially-closed-slot ar- 
mature? 
Brooklyn, N. Y. H. C. 
In the October issue, H. C. wants 

to know: (1) the quickest way to lo- 

cate the throw of commutator leads 
with a test lamp. I do not know 
whether our way is the quickest, but 

I'll tell him how we do it. An ex- 

perienced winder can tell at a glance 

whether the leads connect side by 
side or on the half. If the leads con- 
nect side by side, raise the top leads 
of about two coils and then test for 
the bottom leads. If the leads con- 
nect on the half, raise up the top 
leads of any two coils and then raise 
the top leads of two or three coils 
directly opposite, or half-way around 
the commutator. The bottom leads 
should be in the bars from which 

the top leads were raised. H. C. 

asked for the quickest way, but I 

want to say that in testing for the 

throw of commutator leads, as in 
everything else, the quickest way is 
not always the best. 

(2) A quick way to strip a par- 
tially-closed-slot armature is to put 
it in a lathe, turn the leads off right 
behind the commutator and cut the 
coils off close to the core. Then take 
a small, round drift about the size 
of a slot and drive out with a ham- 
mer the portion of the coils left in 


the core. GEORGE RINGNESS. 
Peoria, Ill. 
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Building Maintenance 
and Plant Safety 
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be welcome. 


Blackboard 
for Indicating Location of 
Repairmen in Shop 

O THAT WE can locate a main- 

) tenance worker, who goes out 
into the shop on a job which is likely 
to take him 15 min. or more, we have 
him put his name and the depart- 
ment that he is headed for on a 


blackboard located in the shop. The 


foreman should see that this is 
promptly attended to and that the 
man rubs out his name and location 
when he returns. However, this will 
not be lived up to unless chalk and 
an old rag or waste tied to a string 
for an eraser are kept on hand. 
Probably a better arrangement 
would be to have a blackboard with 
the names of the men printed on it 
permanently in white paint with a 
space at the right hand side for the 
man to write in the department in 
which he will be. . H. S. RICH. 


New Britain, Conn. 
— — 


Portable Screens 
to Protect Nearby Workers from 
Welding Rays 

ELDING operators are well 

protected from welding rays 
by helmets or goggles, but unless the 
entire job is shielded in some way, 
other workers are endangered in 
cases where welding operations are 
performed out in the shop. As 
these are often of a repair nature, it 
is essential to have a portable screen 
of some form. For this, we have 
found a very serviceable and handy 
screen can be made of light wooden 
frames covered with 12 oz. duck. 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


The framework is made of 1-in. by 
3-in. pine; two pieces 6 ft. long are 
used for uprights, two 8-ft. pieces 
as horizontals and a piece 10 ft. long 
for a diagonal brace to hold the 


A New Department 


MAINTENANCE in industrial 
works is as long and as broad as 
the area covered by the structures 
in which manufacturing operations 
are carried on. It is as compli- 
cated as the equipment and proc- 
esses used and it calls for every- 
day vigilance to remedy the results 
of natural wear and tear in order 
to avoid the preventable losses and 
wastes that are ever present in all 
kinds of plants. 

During the past two years re- 
quests have come to INDUSTRIAL 
ENGINEER from readers suggesting 
that attention be devoted to the 
odd jobs about the works that the 
maintenance department is called 
upon to do. This new department 
has, therefore, been established as 
a place for the discussion of these 
subjects by our readers. Details 
of any method, results or proce- 
dure will be welcome in connec- 
tion with the maintenance associ 
ated with natural wear and tear or 
other depreciation of floors, walls, 
windows, roofs, ventilation, heat: 
ing, sanitation, water supply, yards, 
tracks, roadways, drainage, fences, 
etc. this connection repairs, 


cleaning, moving, rebuilding and 
extending operations will be taken 


up. In addition attention will be 
devoted to plant safety from the 
standpoints of accidents to work- 
men, their health, safety for ma- 
chines and their operation and fire 
protection equipment, and fire- 
fighting methods. 

The object of this department is 
to establish building maintenance 
procedure that is being followed 
with good results in different 
kinds of plants. 
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frame rigid. To make a totally-en- 
closed screen, four of these frames 
are used. These are placed end to 
end 2 in. apart and covered with one 
strip of 12-0z. duck, 6 ft. wide, ex- 
tending the full length of the four 
frames. The 2-in. clearance between 
the sections allows them to be folded 
together and makes a stiff corner 
when erected. This makes a screen 
large enough to enclose a space 8 ft. 
square which would take care of most 
jobs. For larger jobs, the screen 
can be placed around the work in 
such a way as to shield practically 
all the nearby workers. When not 
in use it can be folded up and placed 


out of the way. ELZA HERRMANN. 
Middleport, Ohio. 


Breaking U king Up Large 
Sheave Pulley in Close Quarters 
With Dynamite 


REQUENTLY it is necessary to 

remove large pieces of ma- 
chinery, foundations and so on from 
the inside of buildings where the 
use of ordinary methods would re- 
quire the dismantling of a wall or 
interfere with the operation of the 
plant. Such a condition was en- 
countered in the removal of a large 
rope sheave, 8 ft. in diameter with 
a 125-in. face, which was almost 
totally enclosed with a partition 
within 14 in. of one side, another 
partition 40 in. from the other side, 
and a brick wall near one face, as 
shown in the accompanying sketch. 
This pulley, which weighed approxi- 
mately 2,500 Ib., was rusted tight on 
the 6-in. shaft of a water wheel 
driving a generator. At first two 
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men tried to demolish this sheave 
with sledge hammers, but could 
make no headway. It was then de- 
cided to use dynamite. 

The sequence of operations, as re- 
ported in “The du Pont Magazine,” 
was as follows: Holes % in. in 
diameter were drilled through the 
spokes close to the hub; also, a row 
of -in. holes was drilled crosswise 
along each side of the hub, as may 
be seen from the cross-section view 
in the accompanying sketch. An- 
other hole nearly 6 in. deep was 
drilled into the center and on one 
side of the hub. This drilling job 
took two men about 6 hr. 

With the wheel in position so 
that a spoke was vertical, a whole 
stick of %-in. by 8-in. du Pont 40 
per cent gelatine was exploded in 
the groove at the top center of the 
wheel directly over the spoke. This 
resulted in splitting the rim side- 
ways and cracking it loose from the 
end of the spoke. This operation 
was repeated around the wheel, using 
whole and half sticks as pieces were 
loosened until the entire rim was 
broken into pieces which one man 
could easily handle. Care was used 
to break pieces from opposite sides 
in sequence so that the mechanical 
balance of the wheel was maintained 
sufficiently to permit turning it with- 
out too great an effort. 

After the rim was removed, the 
holes in the spokes were then com- 
pletely filled with powder; a cart- 
ridge was broken up and the loose 
powder rammed into the hole with 
a small stick. No wadding or tamp- 
ing of any kind was used and the 
fused cap was inserted directly into 
a small hole punched in the powder. 
Only one hole was loaded and fired 
at a time. This small quantity of 
explosive was found ample to crack 
the spoke so that a light tap of a 
sledge sufficed to break it off com- 
pletely. After removing the last of 
the spokes, weighing about 100 Ib. 
each, two of the four holes on 


each side of the hub were similarly | 


rammed full of powder and fired. 
This explosion cracked the hub but 
did not throw any small pieces 
around. The one deep hole in the 
center of the hub was then loaded 
with about one-third of a stick of 
explosive. The explosion split the 
hub through the center and dropped 
it in two pieces on the floor almost 
directly under the shaft, leaving the 


This sketch shows how an 8-ft. 
by 12%-in. rope sheave was broken 
up by blasting. 
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shaft clean and absolutely un- 
marred or cracked. This last charge 


was a little too heavy and the ex- 
plosion drove some small pieces of 


iron through a partition. This em- 
phasized the need of caution against 
overcharging. It is always better to 
fire a second shot if the first proves 
too small. 


A total of about 30 sticks, or 81⁄2 


lb. of du Pont 40 per cent gelatin 
was used, with approximately 50 
caps and 40 ft. of fuse. The total 
cost of explosive, fuse and caps for 
the job was less than $4. No cap- 
ping was used. This caused the 
shots to be very noisy and as a 
matter of personal comfort ears 
were stopped. Windows were opened 
to lessen concussion and hasten the 
removal of smoke and gases from the 
shot to prevent “powder headache.” 

In doing such work it is always 
well to consult those who have had 
experience in the handling of dyna- 
mite, as there is always a danger of 


over- charging. H. E. BARNES. 


Excerpt from 
The duPont Magazine. 


Weekly Inspection of 
Factory Fire Fighting Equip- 
ment Report Card 

NSPECTION of fire protection 
apparatus and the detection of 
possible fire hazards are carried out 
in our plant after the following 
plan: Once a week, a responsible 


employee is detailed to make a care- 
ful check and record the condition of 
the plant as regards the items shown 
on the accompanying printed form. 
When finished this report is turned 
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in to the superintendent, counter- 
signed by him, and then filed in a 


‘lodseleaf binder. The time of the in- 


spection trip is usually Saturday 


morning or afternoon, although this 


time is occasionally changed. 

The plant is equipped with a Rock- 
wood full pipe sprinkler system, sup- 
plied from an overhead tank. This 
system reduces the amount of sub- 
sidiary apparatus necessary within 
the buildings, which are of slow- 
burning, milbtype construction, with 
brick walls. The -additional fire- 
fighting equipment inside the fac- 
tory consists of several lines of hose 
permanently attached to stand 
pipes, pails of sand in the forge 
shop, and Pyrene extinguishers 
placed near the larger pieces of elec- 
trical apparatus. These hand extin- 
guishers have replaced the “casks” 
referred to on the inspection sheet. 
Refilling and replacing the extin- 
guishers is a responsibility of the 
foreman of the department in which 
they are located. 

Six small hose houses, which are 
stationed about the grounds of the 
plant, contain hose equipment for 
fighting fire originating on the out- 
side of the buildings or in the stor- 
age yards, and thus supplement the 
work of the sprinkler system. These 
hose houses are located with a view 
towards making them effective for 
fighting fires originating on adjoin- 
ing properties. The value of this 
idea as a matter of self-protection is 
worth while. A fire hydrant with a 
lock wrench attached is located in 
each hose house. In the inspection 
of these houses, the arrangement of 
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PILE FOR BAAMINATION OF FACTORY INSURANCE 
ASSOCIATION INSPECTOR 


Once a week, a responsible em- 
ployee makes a careful check of 
the conditions of the plant in re- 
gard to the items mentioned above. 


the hose, couplings, and fittings is 


checked to see that they are in shape 
so that there will be no confusion in 
putting the equipment into use. 

To insure the constant effective- 
ness of the sprinkler system, it is 
necessary that the state of the water 
valves be carefully observed. There- 
fore, this is the first matter taken 
care of on the inspection sheet. Next 
the heart of the system, the sprink- 
ler tank, is looked after. The acces- 
sory protective devices and appara- 
tus are then inspected as indicated. 

Because dirt and disorder are re- 
garded as the greatest of the com- 
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Ì INSPECTOR 16 RESPONSIBLE FOR CONDITIONS AS LEFT 
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WEEKLY INSPECTION OF FIRE APPARATUS _ 


GURNEY ELEVATOR CO.. HONESDALE, PA. 


mon fire hazards, particular atten- 


tion is given on the inspection trip 


to the conditions of the various 
plant departments. The last two di- 
visions of the inspection sheet make 
it difficult for any unfavorable or 
dangerous conditions to go unde- 
tected for any length of time as they 
require the inspector to state defi- 
nitely the dirtiest two rooms he has 
noted. This draws the attention of 
the superintendent to the sections of 
the plant which require attention, 
yet does not make the inspector feel 
any compunction with respect to his 
fellow-employees who are responsible 
for the places in question. Oily 
waste and rags are required to be 
deposited in galvanized-iron waste 
cans, with hinged covers, located at 
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several pointa in the shop. Floor 


men regularly keep the floor clear of 
scrap and litten 80 that there should’ 
be no excuse for. any department not 


being in first-class condition. 
Pas Semi-annually, the insurance com-. 


pany’s inspector makes an inspection 
trip with the plant inspector. At 
this time, water pressures at the 
hose nozzles are measured, and the 
condition of the hose lines as regards 
water tightness is noted. The in- 
spector then checks over the filed re- 
ports of the weekly inspections. The 
two inspections are thus tied to- 
gether and serve as a check on each 
other. This increases the effective- 
ness of the plan in use, and takes full 
advantage of the insurance com- 
pany’s assistance in rendering con- 


ditions safer. J. M. WALSH. 


Gurney Elevator Company, 
Honesdale, Pa. 


— 
Arrangement for 
Cleaning the Outside of Large 
Windows Safely 


ITH the large increase in the 
use of glass windows in the 
modern industrial plant has come an 
additional problem of cleaning, 
painting, and repairing. Glass, un- 
less it is kept clean, soon loses much 
of its lighting value. The windows 
are, however, often too large or too 
high, to be washed from the win- 
dowsill. Also, it is not always pos- 
sible to use ladders, which at best 
are cumbersome and unsafe. 

The accompanying illustration 
shows an application of a tramrail 
system (Cleveland Electrie Tramrail 
Division of the Cleveland Crane and 
Engineering Co., Wickliffe, Ohio) 
which was installed on the pumping 
station of the Water Works depart- 
ment of the City of Cleveland to fa- 
cilitate the cleaning of windows, 
some of which are 60 ft. above the 
ground. Before the installation of 
this system, the work was done by 
contract at a cost of $550. As the 
work was done from ladders, it was 
necessary to handle a ladder 66 ft. 
long to get at the upper windows. 

Since the installation of this sys- 
tem, two employees do the washing 
of the windows in about a week’s 
time. With this installation the men 
are in no danger from falling as 
would be the case with a ladder. In 
addition, the installation is avail- 
able for replacing broken glass, 
painting, pointing brickwork and 
other miscellaneous outside duties. 


With this tramrail and cage two 
men wash the windows on this en- 
tire building, in about a week. 


U 
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SERVICE 


around the works 


How to Use Rope in Pulling 
Stranded Cable 


NE WAY to pull a wire was 

shown in the June BULLE- 
TIN of the Pacific Power and Light 
Company. The story was told so 
interestingly that most of it is re- 
produced here. 

“While we were busy making 
blocks to pull a section of wire an 
old workman ambled up and after 
looking on for a while said: ‘Think 
maybe I can rig up something that’ll 
work just as good as those blocks 
and without half the trouble.’ Pick- 
ing up a piece of rope the old man 
gave it a simple twist around the 
wire and said: ‘There, that’ll pull 
your old wire.’ And it did. 

“Here’s the trick. Take a piece 
of rope and tape one end. Loosen 
the strands by twisting against the 
lay of the rope, place the rope on the 
wire, wrap it around four or five 
times, as shown in the accompary- 
ing sketch, loosening the strands as 
the rope is wrapped, and give a twist 
of the wrist. Simple, isn’t it? Hard 
to explain and perhaps hard to work 
at the first or second attempt; but 
take a look at the sketch and re- 
member that the rope is not weaved 
through the wire, but simply wrap- 


Copper or aluminum strarced wire 


One end of the rope is taped and 
the strands are unloosened by 
twisting against the lay. The rope 
is then wrapped several times 
around the cable and twisted to 
tighten it. 
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For this section ideas and practical methods devised to meet 
particular operating conditions are invited from readers. 
The items may refer to inspection, overhauling, testing or 


special installations. 


ped around it, as though the wire 
were a strand of the rope. Try it 
several times and once you get the 
hang of it you can’t forget it.” 


New York City. E. H. H. 
ease oer 


Worn Bearings 
Cause of Starting Trouble in a 
Small Motor 


HE EXPERIENCE of the 

writer in repairing a fractional- 
horsepower, single-phase motor 
shows how mechanical defects may 
often be the cause of trouble which 
is attributed to faults in the wind- 
ings. A thorough examination of 
the motor seemed to indicate that 
only a new starting winding would 
be required. The bearings seemed 
slightly worn but did not appear to 
be worn enough to require replac- 
ing. After inserting the new start- 
ing winding the motor ran satisfac- 
torily until the load was put on; 
then the motor would not run fast 
enough to throw out the centrifugal 
switch. 

After worrying with the motor 
windings for several weeks during 
odd times, I finally decided to tin 
the bearings and see if they were 
the cause of the trouble. After the 
bearings were tinned and reamed 
out and the motor assembled it 
worked satisfactorily. After new 
bearings were made and inserted it 
gave no further trouble. 

Tinning bearings of fractional- 
horsepower motors will frequently 
serve in an emergency, providing 
adequate lubrication is provided. 
Albany, Ga. B. BELCHER. 


Emergency Method of Starting 
Star-Delta Motor 


THREE-PHASE motor wound 
for use with a star-delta starter 

was recently sent to us for tem- 
porary installation on an emergency 
job. When the motor came it was 
found that the starter had not been 
included in the shipment. In order 
to avoid delay in putting the motor 
in service, and comply with the re- 
quirements of the power company, 
the method of starting shown in the 

Line 
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Throwing the three-pole, double- 
throw switch to the left gives the 
star connection for starting the 
motor. For the running position 
the switch is thrown to the right, 
which connects the motor windings 
in delta. 
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accompanying diagram was used 
with satisfactory results. As will be 
seen, a three-pole, single-throw knife 
switch was used as a line switch 
and a three - pole, double -throw 
switch served to change the connec- 
tions of the motor winding from star 
to delta for starting and running, 
respectively. After throwing in the 
line switch the double-pole switch 
was placed in the starting position, 
giving a star connection for the mo- 
tor windings and impressing about 
58 per cent of the line voltage on 
them. As soon as the machine was 
up to speed, the switch was thrown 
to the right or “run” position with 
a quick motion, thus giving the delta 


connection, with full line voltage . 


across each phase of the winding. 


FREDERICK KRUG. 


Comerio Falls, Bayamon, 
Porto Rico. 
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Trouble from Grounded Rheostat 
of Motor-Generator Set 


N INTERESTING case of trou- 

ble came to the writer’s atten- 
tion recently on two synchronous 
motor-generator sets (150-kw., 250- 
volt) which were installed to supply 
power to a ground-return traction 
system using mine locomotives. One 
machine was tested and tried out 
under load and several days elapsed 
before the second machine was ready 
for a trial. The latter machine was 
run up to speed, the exciter rheo- 
stats for the synchronous motor 
were adjusted for the maximum 
power-factor correction and the volt- 
age on the direct-current generator 
built up to 250 volts. The outside 
feeders were connected to the bus, 
one side of the feeders being con- 
nected to ground, the machine cir- 
cuit breaker was closed and then the 
knife switch was closed. A slight 
flash occurred when this switch was 
closed and the voltmeter went to 
zero, While about 50 amp. showed 
on the ammeter only for a second. 
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Such a circumstance indicated some 
derangement of the field circuit 
which was present only when the 
generator was connected to the 
feeder having a grounded negative 
lead. | 
With the machine switch open a 
test of the generator-field leads in- 
dicated a solid ground. The leads 
to the rheostat were disconnected 
and the generator and all leads tested 
clear but the ground remained on 
the rheostat terminals. The con- 
struction of the rheostat was such 
that its frame was insulated from 
the wiring, but its shaft was con- 
nected solidly to the arm of the 
moving contact. The shaft was in- 
sulated from its driving sprocket by 
a fiber disk between the sprocket 
rim and the hub. However, a close 
inspection of the rheostat mounting 
revealed an iron brace acting as a 
bearing for the shaft. After the first 
machine was tried out this brace 
had been added to give more sup- 
port to the shaft because the spring 
in the shaft permitted sufficient slack 
in the operating chain to cause it 
to jump off the sprocket. All the 
equipment had been tested out for 
grounds and continuity of circuits 
before the first machine had been 
tried out. For this reason, the elec- 
trician installing the iron brace ne- 
glected, or thought unnecessary, a 
second testing for grounds; possibly 
he assumed that the addition of a 
piece of iron to the frame would not 
alter the circuit. This is a common 
mistake and one that should be 
watched by wiremen inasmuch as 
alterations or additions are often 


The rheostat was unintentionally 
grounded by addition of an extra 
iron bearing to support shaft. 


As shown at the left the rheostat was 
originally connected in the ungrounded 
side of the field circuit. To remove the 
trouble a fiber bearing was substi- 
tuted for the iron bearing, as shown 
at the right. As a further safe- 
guard the rheostat was connected 
in une grounded line of the fleld cir- 
cuit. 


Fiber block to insulate 
hve shat? trom ground 
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made after equipment is installed 
and every change or addition which 
is made should be subjected to close 
scrutiny and proper tests. 

In this instance to clear the trou- 
ble it was necessary only to remove 
the support, saw about 214 in. from 
the iron bar and bolt on a piece of 
14-in. fiber drilled to fit the shaft 
of the rheostat and serve as an out- 
board bearing. To reduce the poten- 
tial stress on the insulation of the 
rheostat and lessen the hazards in 
working on the rheostat, the nega- 
tive or ground side of the line was 


connected to the rheostat and from 


the rheostat the line passed through 
the shunt fields and thence to the 
positive terminal of the generator. 


J. ELMER HOUSLEY. 


Electrical Engineer, 
Aluminum Ore Company, 
East St. Louis, III. 
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Lamp Indicator 
Prevents Blocking Up of Pipes 
in Sawmill 


HEN one motor in a group of 

inter-dependent machines 
stops it often causes trouble unless 
some means is used to indicate the 
breakdown. Such was the case in 
our wood mill and cabinet shop, 
where an exhaust system is used to 
collect the sawdust and shavings 
from the numerous machines. The 
sawdust and shavings are collected 
by sheet-metal pipes, one end of 
which leads to a large main pipe 
about 4 ft. in diameter and the other 
ends to hoods situated over each of 
the cutting tools, with some placed 
near the floor to collect the sweep- 
ings. A large fan in this main pipe, 
operated by an alternating-current 
motor, in turn conveys the refuse 
direct to the boiler house where it is 
burned. Through this system the 
machines and floors are kept excep- 
tionally clean. In addition tq this 
main fan or exhauster other fans, 
which are driven by 40-, 50-, and 
75-hp., 550-volt, three-phase, alter- 
nating-current motors are each con- 
nected to a group of small pipes to 
individual machines at various 
points about the shop and act as 
boosters to gather the sawdust and 
shavings and discharge it into the 
main pipe. 

The fan nearest to the boiler 
house, which may be called the main 
fan, is the most important, inas- 
much as it conveys directly to the 
furnace all of the material collected 
by the other three fans. In case it 
stops for any reason, the other fans 
must likewise be stopped; otherwise, 
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the pipes soon become blocked, caus- 
ing considerable inconvenience. The 
fans and motors are mounted over- 
head and when the main fan stops, 
as it does frequently owing to blown 
fuses or other causes, this fact would 
not be noticed because of the noise 
of the surrounding machinery until 
the pipes were effectively blocked. 
It requires considerable time and 
labor to clean these out and inter- 
feres to some extent with the opera- 
tion of the wood-working machines. 

Finally, in order to prevent this 
trouble I placed six 16-cp., 250-volt 
lamps across the motor leads to show 
when the current is on. These lamps 
are colored green and are located 
where they can be readily seen. 
When the lights go out we stop the 
other motors and prevent blocking 


pipes. LACHLAN A. MCEWAN. 


Car. Shops, Canadian National Railway, 
Point St. Charles, 
Montreal, Que., Canada. 


One Method of Obtaining 


Clean Air for Air Compressors 
and Its Advantages) 


UR solution of the problem of 

obtaining clean air for a 1,500 
c.f.m. air compressor which was 
recently installed in our plant may 
be of interest to readers of INDUS- 
TRIAL ENGINEER. The most logical 
place for the air intake was near a 
centrifugal-type dust collector lo- 
cated on the exhaust from sand- 
blasting machines. Unfortunately 
this dust collector occasionally 
emitted a fine dust consisting 
chiefly of emery, iron dust and sand 
which would cause serious wearing 
of the valves, pistons and eylinders 
of the compressor, if it entered the 
air intake. 

The intake pipe could, of course, 
be lengthened, and by making sev- 
eral bends, reach a place where the 
air was cleaner; or the intake could 
be near the dust collector with some 
sort of air filtering device installed 
to remove the fine dust from the air. 
This latter arrangement, provided a 
satisfactory filter was obtained, 
seemed best suited to the conditions, 
as it was not only cheaper but also 
would offer less resistance to the air 
entering the compressor. 

After considering several ways to 
obtain clean, filtered air, it was de- 
cided to use the Midwest air filter. 
This filter, which is made in stand- 
ard units, has a filtering medium 
consisting of hollow metal cylinders 
coated with an oily substance, “Vis- 
cosine,” to which foreign particles in 
the air will adhere. Our needs re- 
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quired four of these units which 
were mounted on one face of a large 
wooden box, which is placed against 
the side of our power house about 
four feet above the ground level, as 
shown in the accompanying illustra- 
tion. Two ordinary house window 
blinds or louvres, which can be 
swung aside when it is desired to 
inspect or clean the filter, protect 
it from snow, ice and rain. The 
pipe line leading downward from the 
chamber back of the filter conducts 
the clean air to the compressor. We 
also arranged to have two other air 
compressors obtain clean air by hav- 
ing a second intake pipe lead from 
the air chamber behind the filter. 
These older compressors have capac- 
ities of 700 and 350 c.f. m. respec- 
tively and are run mostly at night 
when the new machine is not in 
operation. 

As a result the fine sand, emery 
and iron dust, which we especially 
desired to keep out of the com- 
pressor, were easily caught. Later, 
however, the sandblasting system 
was improved so that practically 
none of this dust was exhausted. 
Even then, when conditions were 
supposed to be quite clean about the 
plant, it was surprising to see the 
large amount of dirt and dust still 
collected by the filter and kept out of 
the compressor. 

The air filter requires but little 
attention. Every Saturday a dirty 
unit is removed and replaced with 
a spare clean cell, so that each of the 
four filter units remains in service 
for four weeks. This is more fre- 
quent cleaning than is really neces- 
sary, as the filter could absorb much 
more dirt, but this arrangement 


Intake air for a compressor is fil- 
tered through the four speciai filter 
units at the left. These units are 
removed and cleaned as shown 
at the right. 


Vol.82, No.1 


makes an easy and definite schedule 
to work upon. The entire operation 
of changing cells and washing the 
dirty cell in hot water or blowing 
out the dirt with low-pressure steam 
does not take more than 10 or 15 
min. of one man’s time each week. 
Afterwards the cell is dipped in a 
bath of Viscosine, as shown in the 
smaller of the two illustrations, and 
put aside to serve as a replacement 
cell on the next Saturday. 

From observations of this instal- 
lation it is probable that many air 
compressors in industrial plants 
work under conditions which, if im- 
proved, would make the life of the 
compressor much longer. As an 
example, this plant requires about 
750 c.f.m. of air and the new com- 
pressor is run at about half capac- 
ity. The two older compressors with 
a total rated capacity of 1,050 c.f.m. 
are now unable to deliver even 750 
c.f.m. without running at overspeed. 


The reason for this is that during ö 


the years these compressors were in 
service dirt and dust, which had 
entered the cylinders with the air, 
had caused a continual grinding 
action. This gradually allowed more 
and more air to escape by the pis- 


tons so that the capacities of the. 


compressors were reduced consider- 
ably below their rating. 

Another point noticed since -using 
filters is the small amount of lubri- 
cating oil required. A new mechan- 
ical lubricator has been installed 
which helps save oil, but most of this 
saving is undoubtedly due to the 
clean air, because if dirt enters the 
compressor, oil must be used to flush 
it away. CLIFFORD H. LEIGHTON. 


Chief Engineer, 
Saco-Lowell Shops, 
Newton, Mass. 
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or improved methods. 
De he 


Construction of 

Simple Grips to Make Vise Hold 
| Cylindrical Parts | 
YLINDRICAL parts are fre- 
quently held in the vise with a 
file or wrapping of emery cloth to 
grip them, or sometimes two wooden 
blocks are placed in the vise and 
clamped down to imbed the parts in 
the wood. Two grips, made as 
shown in the accompanying sketch, 
will give satisfactory service and 
eventually pay for themselves in the 
saving of time and expediting of the 
work. These grips are demountable 
and are placed over the vise jaws in 
either position, so as to hold parts 

vertically or horizontally. 
As shown, the grips are identical 
and should be made from forged 
steel, the grip surface being cut with 


Detail of the Vise Grip 


With these grips round parts can 
be firmly held in either the horizon- 
tal or vertical position, as most 
convenient, in the bench vise. 


In the Repair Shop 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 
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angle or inclined faces, with the 
backs slotted in two directions to 
correspond to the thickness of the 
vise jaw. It is advantageous to cut 
shallow grooves in the faces or knurl 
them if considerable heavy work on 
round parts is to be done. It is also 
advisable to harden the grips, insur- 
ing a lasting durability for the 
grooved faces. 

The usefulness of these grips lies 
in the fact that the work can be held 
in the position which is most con- 
venient for the workman. Also they 


are easy to make. G. A. LUERS. 
Washington, D. C. 
— —— 


Easy Method of 
Putting New Bars in Rotor 
of Induction Motor 


REPAIR-SHOP method of 
making a squirrel-cage wind- 
ing for an induction motor was used 
in our shop some months ago. We 
had several induction motors that 
had been burned up in a fire. Most 
of these motors were of the wound- 
rotor type, with internal resistance 
and it was desired to use some of 
them instead of buying new ones. 
The stators were, accordingly en- 
tirely rewound in the ordinary way. 
In repairing the rotors, however, a 
suitable method had to be worked 
out. 
After a thorough cleaning, copper 
bars from an old wound rotor were 
first well tinned, cut to a length 


about 3 in. longer than the width of 


the laminations on the rotor and 
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slipped through the slots. The bars 
about half-filled the slots. The over - 
hanging ends were then bent so as to 
bring the bars together, to form as 
nearly as possible a continuous ring. 
Some tinned copper wire was then 
wrapped around the exposed ends of 
the bars to hold them securely in 
place. 
The rotor was then placed upright 
and enclosed by a bent plate of sheet 
iron, and all crevices were plugged 
up with clay. Next the whole space 
left in the slots was filled up with 
babbitt. At the same time a space 
was left at both ends of the lamina- 
tions so as to form two rings of 
metal completely embedding the bent 
ends of the bars. After cooling, the 
rotors were put in a lathe and the 
excess metal turned off, making a. 
neat job. | 
Zinc was first used instead of bab- 


- bitt, but did not give good results, as 


it does not flow easily enough. | 

The repaired motors, which are. 
mostly of 10-hp. and 15-hp. rating, 
are working satisfactorily, the only 
drawback being that they have a 
rather low starting torque. 


ALBERT ‘RUDIN. 


Superintendent Electrical Dept., 

Abangares Gold Fields, in 

Costa Rica. 
— — 


How to Make a 
Convenient Tool Box That Keeps 
All Tools Accessible 


VERYONE who uses tools has 

at some time considered the 
problem of making a tool chest that 
would hold his tools in a compact 
space, yet keep them so that they 
would be accessible. The main ad- 
vantage of the chest described be- 
low is its accessibility—there is a 
place for everything and everything 


This tool box is divided into two 
separate parts; the upper box is 


used for large tools. A large 
drawer between the two boxes is 
subdivided into small sections to 
hold miscellaneous’ bolts and 
screws. The lower box is fitted 
with drawers for small tools. 
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is in its place. The top section has 
an open space, the full width and 
length of the box, which is for 
large tools. The bottom section 
has drawers for the small tools. 

The chest is made up of two boxes, 
independent of each other and sep- 
arated at E, as shown in the sketch. 
This facilitates moving the chest 
around. The cover of the top box 
is cut under the panel as shown, 
making a space which is used for 
storing drills, and is fitted with a 
cover. Strips, B, are nailed around 
one side and the two ends of the box. 
Holes are drilled in these strips for 
automatic screw driver tips, ream- 
ers, punches and the like. The hand 
saw is held on the other side. The 
box has a false bottom below which 
is a drawer, C, the full size of the 
box. 
small compartments which hold stove 
bolts, screws, washers, and so on. 

In the bottom box there are 
twelve drawers, used for pliers, 
screw drivers and other small tools. 

The two boxes are fastened to- 
gether by bolts which pass through 
the floor of the upper box below 
drawer C and through the top of the 
bottom box. When the top cover A 
is closed, the locking rods pass 
through drawer C and engage in the 
holes at edge of cover F. A padlock 
on hasp of cover A will lock entire 
box. J. H. SAUVE. 
Temiskaming, Que., Can, 


— —— 


How to Make Surfacing Wheel 


for Use in Lathe 


INISHING the surfaces of parts 
made of wood or other material 
by sanding with a hand block and 
sandpaper is a slow, laborious proc- 
ess which is much less effective than 
the use of a sanding disk. As will 
be seen from the accompanying il- 
lustration, the sanding or surfacing 
disk is a revolving disk faced with 
sandpaper or emery paper of the 
desired grade and mounted on the 
head spindle of a turning lathe. The 
disk is revolved at a high rate of 
speed and the material to be sur- 
faced is brought into contact with 
the face of the disk. The work may 
be placed on the tool rest while it 
is being finished. The surfacing op- 
eration will only require a small 
fraction of the time necessary to do 
the same work by hand. If wooden 
parts are to be surfaced, the wood 
does not require any previous finish- 
ing with a plane. 
The surfacing wheel is easily 
made and the materials are usually 


This drawer is divided into 
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available in the shop. The wheel 
disk should preferably be made 
from a laminated board formed by 
gluing three layers of 14-in. bass- 
wood or close-grained white pine 
solidly together. Care should be 
taken to see that the grain of the 
layers does not run in the same 


‘Threaded for N 
lathe spindle 


The disk is made of three layers 
of wood glued together and firmly 
fastened to a threaded flange 
which screws onto the headstock 
spindle of the lathe. 


direction. This laminated piece 
should be turned down into à disk 
about 18 in. in diameter and fas- 
tened to a threaded metal flange 
which screws onto the headstock 
spindle of the lathe. The disk 
should be fastened to the threaded 
flange with bolts. The heads of the 
bolts should be sunk into the disk 
and the holes filled in with wooden 
plugs cut off flush with the surface. 
This disk will be driven at the high- 
est obtainable speed, and for that 
reason it should be fastened to the 
flange in a dependable manner. 
Sandpaper or emery paper of any 


desired coarseness may be fastened 


to the face of the wheel with shellac. 


With a card like this a complete 
record of any piece of equipment 
is always available. 
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After the abrasive paper has been 
put on the disk, it should be held 
firmly in place and the shellac al- 
lowed to dry for a short time before 


the disk is used. G. A. LUERS. 
Washington, D. C. 


— . — 


Record and Inventory Card for 
Electrical Equipment 


HE MOTOR inventory and 

maintenance card shown be- 
low has been drawn up primarily 
for the shop electrician's use. As 
will be noted, complete manufac- 
turers’ data as well as the operating 
characteristics of the apparatus, can 
be filled in, so that whenever it is 
necessary to order a bearing or to 
communicate with the manufacturer 
relative to the equipment in ques- 
tion, the necessary information is 
right at hand. This saves consid- 
able time and trouble and does away 
with the usual necessity of climbing 
ladders to read name-plates or, at 
times, of shutting off the power 
and temporarily interfering with 
production. 

The lower half of the card, as 
well as the reverse side, is ruled off 
to show at what times the motor has 
been cleaned or repaired. In this 
way a complete record of all work 
done on the motor in question is 
kept on file. This card can also be 
used for inventory purposes. 

The same card can be used for 
generators, motor starters, compen- 
sators, oil switches, and so on, 
crossing off the word “Motor” and 
substituting the name of the other 
substituting the name of whatever 
other electrical apparatus is to be 
cataloged. D. FLEIGELMAN. 


American Chain Co., 
Bridgeport, Conn. i 
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Better ways to transport and handle raw and finished 
parts in and around the works and the savings asso- 


ciated therewith will be 


discussed in this section 


How Material-Handling Equipment Pays for Itself 
When Storing Stock in a Small Plant 


HE VALUE of material-han- 

dling equipment, even in a com- 
paratively small shop where the 
equipment is idle much of the time, 
is well shown by the experience of 
the Wirth Sales Book Company, Chi- 
cago, Ill. Here paper is received in 
rolls in carload lots. The former 
practice with the small shop was to 
practically stop production, as it re- 
quired twelve men to unload a car. 
The paper was rolled on edge from 
the car door to the pile and then 
tiered by passing up from one pair 
of men to the next, and so on up to 
the top of the pile. In this way the 
height of the pile was limited, and 
it was hard work. Also, there was 
considerable damage to the paper 
through the men standing on the 
rolls while piling. The bruised and 
torn edges caused considerable 
trouble in the passage of the paper 
through the printing presses. 

Since a portable tiering machine, 
as shown in the accompanying illus- 
tration (Standard Conveyor Com- 
pany, St. Paul, Minn.), was installed, 
this work has been done by a man 
or two in about one-fifth of the time 
formerly required. In addition, the 
paper is piled high enough to get a 
carload in one-third of the space 
formerly required. One of the im- 
portant points to be considered is 
that now the receipt of a car of 
paper does not interfere with pro- 
duction, while the elimination of the 
damaged paper alone would more 


than pay for the machine within a 
year. 

In addition, the tiering machine is 
as convenient for removing the paper 


from the pile and lowering it to the 
With it, one man can do the 


floor. 
operation easily and safely and with- 
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Piling paper with a tiering machine 
in a small printing concern. 


Formerly twelve men had to stop work 
on production and help unload a car- 
load of paper when received. Now one 
or two men do the job in one-fifth the 
time, with less labor, and in addition 
pile the material in one-third the for- 
mer space. Also, as the men do not 
have to stand on the rolls, the saving 
in damaged paper alone more than 
pays for the machine each year. 


trailer methods. 
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out damaging the paper. While this 
is a hand-operated machine, as pic- 
tured here, an electric motor may be 
attached to raise and lower the plat- 
form. Also, the upright is hinged, so 
that by loosening a few bolts the top 
can be tipped over for the machine 
to go through doorways or under 
low beams. 
— 


How a Change in Operation 
Resulted in More Work from 


Tractors and Trailers 


REQUENTLY it is a question, 

when large quantities of mate- 
rial are to be handled, whether it is 
best to use electric trucks or electric 
tractors and trailers. The solution 
usually depends on the conditions. 
For example, where the material is 
in packages, which have to be sorted 
into groups and hauled a considera- 
ble distance, or where it is an advan- 
tage to have the packages loaded on 
mobile trucks, as in freighthouse 
work, it is often more advanta- 
geous to use tractors and trailers. 

Such was the case at the Roanoke, 
Virginia, freighthouse of the Nor- 
folk and Western Railroad. Here, 
during normal times, about 800 tons 
of freight are handled per day. To 
reduce the cost of handling freight 
by hand, an investigation was made 
of the possibility. of using tractor- 
It was finally de- 
cided that five electric tractors and 
250 trailers could be used. 

These were installed overnight by 
removing all the hand trucks and be-. 
ginning operation the next morning. 
with a fully motorized freighthouse. 
It was felt that to do this was a bet- 
ter test of the ability of the tractor- 
trailers to handle the work than to 
try to introduce them gradually. 

Here one of the factors which had 
been considered as detrimental to 
the operation of tractor-trailers, was 
the narrow platforms. An investi- 
gation showed that if care were 
taken to plan the work so as to use 
a minimum number of trailers and 
still move the freight without re- 
handling or delays, interruptions or 
interference would be negligible. An 
over-supply of trailers would crowd 
up the platform and block the aisle- 
ways and so delay the movements of 
tractor-trailer trains as well as in- 
terfere with the success of the 
installation. In addition, excess 
equipment would add to the initial 
investment required. In contrast, it 
would be just as detrimental to the 
success of the installation to have a 
shortage of trailer equipment. 
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Shortly after this equipment had 
been installed it was seen that time 
was lost by the checking clerks while 
waiting for empty trailers. Instead 
of buying additional equipment a 
slight change was made in the op- 
eration, whereby, instead of permit- 
ting the entire force to-go out to 
lunch at the same time, a few men 
were kept working during the regu- 
lar lunch period to unload the nu- 
merous trailers that were left stand- 
ing when the noon whistle blew. 
Previously, when the force of check- 
ers and stowers returned to work 
after lunch considerable time had 
been lost waiting for the loaded 
trailers to be hauled to destination, 
unloaded, and returned empty. Since 
making the change the men find 
plenty of empty trailers ready for 
immediate use upon their return. 
One tractor crew is also kept at 
work during the lunch period to 
move any loaded or empty trailers 
necessary during this period. Shortly 


after this equipment was installed it: 


was estimated that there would be a 
saving of 30 per cent over hand 
trucking costs. 

In the handling of local in-bound 
and out-board freight the tractor- 
trailer system has also greatly facili- 
tated the movement of packages to 
and from wagons as compared with 
the previous slow and expensive 
hand trucking, which had necessi- 
tated the handling and rehandling of 
shipments several times. At present 
an out-bound shipment is unloaded 
from the truck or dray directly onto 
a trailer and remains on the trailer 
until it is ready to move to the 
proper out-bound car. In-bound 
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freight for delivery to local consig- 
nees is loaded from the car directly 
onto the trailers, which are made 
into a train and hauled into the 
freight house and stored until the 
truck or dray calls for the consign- 
ment. The trailers are then pulled 
to the door where the consignee’s 
truck is waiting with one handling. 


— — 


Replacing Labor 
in Handling Pig Iron and Scrap 
at a Foundry 


N MANY lines of work, particu- 

larly heavy or disagreeable tasks, 
it is difficult to obtain laborers, es- 
pecially in times when there is a 
shortage of the grade known as 
“common labor.” This is especially 
true with many heavy material- 
handling operations—particularly in 
yard work, as in the handling of pig 
iron and scrap and in other similar 
activities. These tasks become even. 
more difficult in the winter time 
when the iron is likely to be covered 


with snow and ice. Such jobs, how- 
ever, are often well adapted to the 
application of some type of material- 
In fact, there. 


handling equipment. 
is a type of material-handling equip- 
ment for almost every type of job. 

Such was the case at the Bayonne, 
N. J., plant of the American Radi- 
ator. Company. Here the pig iron 
was received in gondolas. and un- 
loaded by hand, with the aid of a 
section of portable conveyor, as 
shown in the lower illustration at the 
left in the accompanying group of 
pictures. While the use of such a 
portable conveyor is a big saving 
over throwing the pigs out by hand 


Mono-rail hoist and lifting 
magnet for heavy handling. 
Formerly, it required six men 
21% hr. to unload a car of pig 


iron. With this installation, 
two men can do the work in 
one hour. In addition, the 
hoist and magnet can be used 
for loading the small cars or 


buggies in which the pigs and 
scrap are carried to be melted. 
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or wheeling them away from the 


car, there seemed to be further op- 


portunities for improvement and low- 


ering of costs of handling this work. 
With this installation, it required the 
time of six men, 2% hr. or a total 
of 15 man-hours to unload a car of 
pig iron. In addition, the distance 
away from the car, where the pig 
iron could be piled without re-han- 
dling, was limited. 

An electric cage-operated, mono- 
rail hoist consisting of an electric 
hoist and cage suspended from trol- 
leys which ride on an I-beam bridge 
traveling over a yard run-way, as 
shown in the upper two of the ac- 
companying illustrations, was in- 
stalled by the Shepard Electric Crane 


and Hoist Company, Montour Falls, 


N. Y. With this installation, two 
men can unload a car in one hour, 
a saving of 13 man-hours. In addi- 
tion, the material can be stored far- 
ther from the car than was possible 
under the previous conditions, with- 


out extra rehandling. Of course, if 
‘the material has to be moved some 


distance for storage, it requires 
more time to handle a carload of pig 
iron. 

In addition, the crane and hoist 
with the magnet are available for 
loading pig on the small cars used 
to carry the iron to the cupola. This 
is also a heavy job and is very dis- 
agreeable when the iron is wet or 
covered with snow or ice. The mag- 
net can be used to loosen the frozen 
pigs as well as load them. With an 
overhead system such as this, a large 
area can be reached by the crane, 
which permits of a better use of the 
yard space for storage. 
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Arc Welding and 


Cutting Economies 


(Continued from page 29) 


is exceedingly useful for certain 
applications as, for example, cutting 
rivets and plates for repairing or 
scrapping steel freight cars. The 
cost of cutting rivets is given in the 
following data, based on cutting 200 
rivets, 34 in. in diameter. 

Labor, 1 hr. 3 min.—90 cents per 


hour V 30.94 
Electric power e . 80 
Backing rivet stub os . 66 

eff ects caters ukwaes $2.40 


This is only a trifle over one cent 
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Worn dies can be built up by the 
electric arc. at a fraction of the 
cost of new dies. 


This illustration shows worn blank- 
ing dies for making eye rods, bolt 
heads and similar parts, which have 
been reclaimed. The cost of build- 
ing up these dies amounts to $5 or 
$10 apiece, while new dies cost from 
125 to 250 each. Repairing by the 
arc process has the further advan- 
tage that an old die can be recon- 
ditioned in much less time than is 
required to make a new die. 


a rivet, whereas the cost of doing 
the same work by other methods will 
average from 2% to 2½ cents per 
rivet. 

A 40-ft. steel gondola car was cut 
up by one operator in four hours 


Examples of Savings Made by the 
1 of Arc Welding in Repairing Railroad Equipment 


Steam Railroads 


Cost . 
BY Oö 


ox _ PARIS 5 OLD, 
METHOD 


* u . 
Börentrie straps. 
Cross head 


a Parts REPAIRED 


Merno 

Sj 

Géar and wheel seats on axle 
jurnal bo 


13.23 
31.69 
25.00 
17.50 


3.85 
2.36 


9.13 


Commutator shell seat 
Space block for rauaaeg 
spring 
wW bar carriers 
wel pin holes in axle 
bearings 


WELDING | 
$8.97] 
27.41 


ott 52 
9.00 


Cost | 
BT Arc |; 
: DOLLARS 


o SAVING ee 
‘Per CENT 
$1.19 
2.90 


SAvING 
DOLLARS PER CENT 


"n 77 


utes. 
cents respectively, for labor at 60 
` cents an hour and electric power at 2 
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into pieces small enough for four 
men to handle and cut in a plate 
shear into small pieces of cupola 
charging size. The cost of the op- 
erator’s labor and the electric power 
used was only $6.80. 

Risers on steel and cast-iron cast- 
ings can likewise be economically cut 
with the are. For example, in one 
instance a cast-iron riser neck 8 in. 
by 9 in. was cut in 5 min., and an 8- 
in. by 8-in. neck was cut in 17 min- 
These cost 15 cents and 52 


cents per kilowatt-hour. 

Copper is one of the most difficult 
metals to cut, due to its great ther- 
mal capacity and high heat conduc- 
tivity. To cut large sections of cop- 
per it is, therefore, necessary to put 
energy into it at a very high rate 
in order to produce local fusion. In 
one case a piece of copper slag too 
large to be charged into a copper 
cupola furnace was cut up into four 
sections, one cut at each side and one 
through the center. The side cuts 
averaged 11% in. in thickness and re- 
quired 2 hr. The central cut aver- 
aged 414 in. in thickness and re- 
quired 5 hr. The cutting was all 
done with a current of 1,000 amp. 
through the arc. On the basis of 
labor at 60 cents an hour and elec- 
tric current at 2 cents a kilowatt- 
hour this job cost only $15.40. 


_— 


Equalizers Reduce 


Unbalance 
(Continued from page 26) 


of so called long and short jumpers 
with star, delta, and other connec- 
tions were given in the article by the 
writer in the October, 1923, issue of 
INDUSTRIAL ENGINEER. . 
The jumpers which are shown in 
Figs. 2 and 8 in the form of rings 
are used principally on windings 
with a large number of poles and a 
large number of parallel paths such 
as eight, ten or twelve poles with 
four, five or six parallel circuits. In 
M of Fig. 2 is shown an eight-pole, 
two-phase four-parallel connection. 
In this connection one long jumper is 
used to connect groups 8, 1, 15, 18, 
11, 9, 7 and 5 together instead of 
using short jumpers which would 
connect respectively groups 1 and 8, 
13 and 15, 9 and 11, and 5 and 7. 
This latter arrangement would give 
four jumpers per phase. In addition 
the long jumper gives the equalizer 
connections already referred to in 
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the first part of this article. The 
long jumper also gives a better me- 
chanical. arrangement as it elimi- 
nates the crossing of group connec- 
tions. In N of Fig. 2 is shown a 
ten-pole, two-phase, five-parallel dia- 
gram. There are altogether six 
rings, each phase having two lead 
rings and one jumper ring. The 
jumper rings serve also as an equal- 
izer across all the five parallel paths. 
In Fig. 3 are shown two more ex- 
amples of ring-type jumpers. The 
drawing at O shows a ten-pole, 
three-phase, five-parallel star connec- 
tion. For this connection there are 
three lead rings, one star ring which 
has fifteen taps to 
jumper rings, making a total of 
seven rings. Sometimes the three 
lead rings are not used for this con- 
nection but cables are used instead. 
In this case the cables are made as 
short as possible, but they must still 
be rather long to connect to all five 
of the parallel paths. Sometimes a 
connection of this kind is made 
which seems to have only ten taps 
to the star ring. In this case the 
ends of some pairs of adjacent 
groups are connected together and 
only one lead is brought out from 
their junction to the star ring, thus 
saving time and material. This can 
be done between groups 3 and 4, 
groups 9 and 10, groups 15 and 16, 
and so on. In drawing P of Fig. 3 
is shown a ten-pole, three-phase, five- 
parallel delta connection. This con- 
nection employs six rings, three lead 
rings and three jumper rings. 


5-Parallel Star 


it and three 


Fig. 3— Rings take the 
place of jumpers in these 
windings. 

The rings serve as equal- 
lacs’ Connections. In each 
winding three of the rings 
replace fifteen jumpers, 


10-Pole, 3-Phase, O-Pole, 3-Phase, 
5-Parallel Delta. 
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Reclamation Plant for Equipment 
(Continued from page 23) 


The rolling mill and the blacksmith 
shop work together in putting 
wrought-ironscrap into usable form. 


Small round and flat scrap is cut 
into convenient lengths and made 
into fagots or bundles which are 
heated to a welding temperature 
and rolled into round or flat stock. 
The upper of the two illustrations 
Shows the 12-in. rolling mill. A car 
of fagots can be seen at the right. 
Behind it is one of the heating fur- 
naces. The rolled stock is worked 
in the blacksmith and forge shop 
(below) into car and engine forg- 
ings, pinch bars, chains, bolts, etc. 
— 


brass connectors are then removed 
from the carbon electrodes and sold 
as scrap brass. The lead salts are 
removed from old storage battery 
plates and sold, while the plates 
themselves are melted and cast into 
pigs. Brass turnings and borings 
are passed through a Dings mag- 
netic separator to remove iron par- 
ticles and (Continued on page 52) 
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Work of Mainte- 


nance Engineers 


(Continued from page 20) 
ordinary or reasonable sort of a 
breakdown. Other duties are: 1. To 


organize and control the men in the de- 
partment so as to keep the labor turn- 
over to a low figure; 2. keep records on 
the equipment in service so as to de- 
termine frequency and cost of repairs; 
3. requisition, store and disburse all 
material used in maintaining the elec- 
trical equipment. 

2. The lines of work that come un- 
der their supervision are as follows: 
1. Design of electrical applications and 
layout of power distribution; 2. instal- 
lation of the above; 3 operation and in- 
spection of electrical equipment; 4. 
maintenance and repair of the same. 

The accompanying diagram shows 
the department organization. As a 
general rule the division of work be- 
tween the Chief Electrician and the 
Master Mechanic occurs at the motor 
connection to the drive. The Chief 
Electrician maintains the equipment 
from and including the point of gener- 
ation or receipt of the power supply to 
and including the motor pinion, pulley 
or ronning e Master Mechanic 
maintains the equipment from there on. 
The only disadvantage of this arrange- 
ment is that two men instead of one 
are held responsible for “making the 
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wheels go round.“ Since mechanical 
trouble first makes itself evident by 
distress in the electrical end of the 
equipment, the electrical man usually 
has to first assure himself that the 
fault is not his and then to prove him- 
self right he must locate the mechani- 
cal fault for the mechanical man. This 
results in the electrical man doing a 
considerable portion of the mechanical 
man’s work. Furthermore, in quite a 
few plants it is a constant source of 
friction or buck passing. 

The changes or rearrangements 
that men in charge of maintenance are 
most often requested to work out are 
as follows: 1. Make changes in the 
speed of a drive application; 2. make 
the application safer for the operator; 
3. move the application to a new loca- 
tion; 4. improve its reliability and rug- 
gedness; 5. extend the power distribu- 
tion system; 6. extend or rearrange the 
lighting system; 7. design drives for 
new extensions; 8. design drives and 
power distribution for new mills. 

. The maintenance organization 
should have information on the follow- 
ing methods or repair practices: 1. In- 
formation should be obtained regarding 
the service and application for eac 
type of motor and control equipment; 


Organization diagram for a large 
steel mill in which maintenance and 
construction work on 500 motors 
totalling 12,000 hp. is handled by 
sixty-five men. 
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2. mechanical information concerning 
the installation of equipment, such as 
various forms of bedplates, motor sub- 
bases, proper meshing of gears, level- 
ing up of armature shafts on large a 
plications, etc.; 3. maintenance meth- 
ods of locating loose bearings, worn 
shafts, worn pinions, and other such 
equipment; 4. it would be interesting to 
know the idea of others as to what a 
reasonable line of spare parts should 
consist of; 5. various systems and 
methods used in handling equipment to 
and from electrical repair shop, also in 
the repair shop; 6. system used to keep 
the cost of individual motors; 7. system 
of handling electrical stores. 


W. T. Lees, Chief Electrician, Savage 
Arms Corp., Utica, N. Y.: The men in 
charge of maintenance and operation 
in a well organized works should be re- 
sponsible for all apparatus used in con- 
nection with production from the point 
where electrical service begins until 
that power is delivered to the wheels of 
the machines or other appliances used 
in production. 

2. The steam plant, shafting, belt- 
ing, elevators and so on should be han- 
dled by the Master Mechanic, and all 
electrical work including construction, 
maintenance, and repairs, should be 
handled by the Chief Electrician, ex- 
cept the installation of motors and 
compensators, which should be done by 
the Master Mechanic, who is usually 
equipped with the necessary men and 
tools for this work, the installation 
where necessary being supervised by 
the Chief Electrician. 

A competent force of men must be 
kept in the electrical department to in- 
sure continuous service. It should in- 
clude men for construction work, men 
for inspection and maintenance and 
men for shop repair work. In the me- 
chanical department there should be a 
gang to handle the installation of all 
machines, and the plant should be di- 
vided into sections with a repair man 
in each section responsible for all 
shafting, pulleys, oiling, and so forth, 
with a competent belt man to install, 
maintain, and salvage belting. 

3. The most frequent changes are 
rearrangements of department. In our 
plant after the layout of machines has 
been received from the production de- 
partment, showing the grouping of ma- 
chines, the Chief Millwright and Chief 
Electrician will decide on the size and 
location of motors to handle each 
group. The Chief Electrician will then 
provide cables and panels of sufficient 
capacity to carry the load, and install 
the necessary lighting units. 


L. A. Wynd, Chief Electrician, Key- 
stone Steel & Wire Co., Peoria, Ill.: 
You have asked for suggestions on sub- 
jects that seem to have endless possi- 

ilities. Some of the main duties of 
the electrical department head in a 
well-organized works are: 

To act in an advisory capacity to the 
General Superintendent on all electri- 
cal matters; to confer with the Purchas- 
ing Agent and General Storekeeper, 
giving the assistance of his electrical 
knowledge in the purchase of supplies 


and spare parts; to superintend main- 
tenance and operation of all electrical 
apparatus by means of systematic 


schedules of inspection and repair; to 
establish and preserve a.definite policy 
of relations between the electrical and 
all other operating departments, which 
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policy should be formulated with the 
idea of promoting the greatest pos- 
sible harmony; and to establish a defi- 


nite safety-first policy within the elec- 


trical department. This can best be 
fulfilled by educating electrical men up 
to the dangers of electrical machinery, 
the use of safe apparatus and strict ob- 
servance of the National Board of Fire 
Underwriters’ code. 

The lines of work coming under the 
supervision of electrical department 
heads are as follows: Power distribut- 
ing systems, lighting distribution, sig- 
nal systems, remote- and manual-con- 
trol apparatus, motors, generators, 
substation and power house operation, 
repair shop. Electrical tests on me- 
ters, motors, generators, insulation 
tests, efficiency tests, and so on. Dis- 
tribution. of power costs, estimating 
costs of changes or new work in the 
electrical system. Operation of the 
electrical store room. 

The size of the electrical department 
force necessarily determines, to a great 
extent, the organization chart. The 
amount of freedom given the electrical 
department head to develop his organi- 
zation will have great bearing on the 
efficiency of his department as a whole. 
The electrical organization should cen- 
ter around a man of broad practical ex- 
perience in maintenance and operation. 
Next should come a number of key or 
leading men. Following the key men 
should come the repair men, operators, 
and inspectors. Some methods should 


be devised to train new men coming 


into the organization, and several men 
should be trained to fill any position in 
the department in an emergency. One 
plan that can be used to very good ad- 
vantage to train men to think beyond 
their jobs is to encourage correspond- 
ence school work, and to subscribe to a 
good trade paper. I am getting excel- 
lent results from men in my organiza- 
tion who are I. C. S. students and sub- 
scribers to INDUSTRIAL ENGINEER, 

The work best handled by the Chief 
Electrician and that handled by the 
Master Mechanic should be clearly de- 
fined. Experience shows that electrical 
work should go as far as, and include, 

inions and pulleys on all motors. The 

aster Mechanic should take the re- 
sponsibility from that point. In most 
plants an exception to the above is 
made on electric cranes, their mechan- 
ical and electrical maintenance being 
strictly up to the men in the electrical 
department. 

Power and power factor surveys if 
carried out intelligently can be made 
to yield some nice returns. Substantial 
savings can be effected in prevention 
of loss of lamps by theft, breakage of 
the large sizes of lamps while hot by 


rain or snow, and vibration of lamp- 


shades. The work done by a well-organ- 
ized repair department capable of pour- 
ing and machining bearings, repairing 
commutators and rewinding armatures 
and stators will save a substantial sum. 
The department overhauling and in- 
specting motors and control will, if 
properly organized and working sys- 
tematically, show the greatest saving. 
This being another case of “a stitch in 
time.“ 

Experience shows that more changes 
are necessary in the lighting and sig- 
nal circuits than in any other part of 
the electrical system. Motor control 
changes, while not so numerous call 
for more work and effect some very 
fine savings in reduced burnouts. I 
class this change as most important. 
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Oscar L. Smedberg, Chief Electrician, 
American Car & Foundry Co., Lan- 
caster, N. Y.: 1. The main duties and 
responsibilities of men in charge of 
maintenance are to keep the machinery 
in running order with the least num- 
ber of interruptions and delays. Max- 
imum production depends on this and it 
can be accomplished only by frequent 
and rigid inspection, prompt renewal of 
worn parts and bearing linings and see- 
ing that all bearings are properly lub- 
ricated and kept clean. This inspec- 
tion should include motors and control 
equipment and switches where elec- 
trical power is used. Lighting is also 
very important and many accidents can 
be avoided in industrial plants by suffi- 
cient and properly installed and main- 
tained lighting units. 

2. In the plant of the American Car 
and Foundry Co., Depew, N. Y., where 
I am employed as Chief Electrician the 
installation, inspection, maintenance 
and overhauling of electrical equip- 
ment is all handled by the Chief blec- 
trician. Installing and overhauling of 
mechanical equipment is done by the 
Master Mechanic. Our force is divided 
into : (1) Armature winding and motor 
repair; (2) general maintenance; (3) 
oiling motors; (4) maintaining electric 
lights; (5) inspection and new instal- 
lation. 

3. Ido not know of any changes or 
rearrangement that is general in 
plants. Each plant has its own prob- 
lems to solve. c 


H. M. Sherbine, Chief Electrician, 
Continental Motors Corp., Muskegon, 
Mich.: 1. The duties of Maintenance 
Supervisors, in my opinion, are to 
diagnose individually each installation, 
select the proper equipment, keeping in 
mind first cost, cost of installing, de- 
preciation and maintenance of same. 
Too often we make the mistake of 
thinking of first cost only, which is 
really a minor item in the successful 
operation of any up-to-date plant. 
Competition today is keen and we are 
striving toward greater efficiency and 
higher production; therefore, we must 
have equipment we can keep running 
with a minimum of lost time. 

Spending your company’s money as 
conscientiously as you would your 
own, is in my estimation very impor- 
tant; also teaching your subordinates 
loyalty to the company and their fel- 
low workmen, courtesy, efficiency, dis- 
cipline and economy, eliminating to a 
minimum all discontent and discord and 
stimulating ambition, keeping them in- 
terested and impressing upon each in- 
dividual how important he is to the 
successful operation of the plant. The 
reason for this is obvious for it re- 
duces operating expense to a minimum. 
Do not misunderstand me here: I do 
not mean wages. If you pay a poor 
rate you can expect poor workmen and 
large labor turnover. Give me twenty 
men who are in a degree satisfied with 
conditions and I will accomplish as 
much as I will with double the number 
of dissatisfied men. The wide-awake 
man who is on the job will find places 
where he can keep expenses where they 
belong. Last, but very important, af- 
ter the equipment is installed, keep it 
running. The production end is the 
heart of the plant and when it stops, 
due to breakdown, it is a reflection on 
the maintenance department and if we 
are going to be a success we must con- 
vince the management that we are a 
necessity, instead of a useless expense, 
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which so many of them seem to think 
at the present time. 

2. In a great many of the larger 
plants, the title of Master Mechanic has 
been discarded. The title of Superin- 
tendent of Maintenance has supplanted 
it. The Superintendent of Mainte- 
nance, in my estimation, should 
have supervision over the mainte- 
nance department, stockroom and the 
power house engineer who, in turn, 
should have charge of the power house 
and its employees and power house 
accessories; the garage foreman, who 
should have charge of industrial and 
commercial trucks, repairing and main- 
tenance of same, also the drivers; Plant 
Protection Engineer, under whose su- 
pervision should come the watchmen, 
janitors and fire-fighting equipment; 
the Chief Electrician who should have 
the electricians, elevator operators and 
crane-men, battery charging and re- 
pairing, and supervision of all electrical 
installations, inspection and repairing 
of same; millwright foreman who 
should have charge of the millwrights, 
steamfitters and tinsmiths, also the in- 
stallation of all machinery, hanging 
new motors or motor alteration after 
consulting with the Chief Electrician, 
also be responsible for shafting, belt- 
ing and over-head, with the mainte- 
nance of same; the carpenter foreman 
should have the carpenters, painters 
and laborers, repairing and mainte- 
nance of all buildings, roofs and win- 
dows; the yard foreman should have 
the yard men and train crews. These de- 
partments should work very closely to- 
gether and if the proper co-operation 
and harmony exist they can accomp- 
lish much. 

3. This is a difficult question to 
answer because men in the mainte- 
nance division are quite often requested 
to do seemingly impossible things. One 
thing we are often requested to do is 
to re-arrange a department without 
shutting down the machinery. This 
has been accomplished successfully in 
our plant on several different occa- 
sions. 


Archie Haist, Chief Electrician, Arm- 
strong Spring Co., Flint, Mich.: 
my opinion a man in charge of a main- 
tenance division must first of all per- 
fect an organization throughout his 
department. First, unit should be 
made up to handle the oiling and in- 
specting. The ordinary practice is to 
oil every motor once a week and by 
instructing the men doing the oiling 
they can be trained to take particular 
notice of all conditions surrounding 
every installation, such as loose con- 
duit, broken insulators and on the mo- 
tors, in cases where they can be shut 
down, the bearings should be inspected 
and the belts or other drives should be 
looked over for any condition that is 
not normal. Then from that step 
certain provisions should be made for 
a gang to cover the necessary repairs 
that have been reported by the in- 
spector. 

Also, a testing department should be 
maintained and the men should be able 
to determine and correct the power 
factor problem. If armature winding 
is done in the plant the meter gang 
should have the testing of all rewound 
motors. This prevents the winders 
from slipping through something de- 
fective that might be put in service. 
If these four divisions of a factory 
maintenance department can be per- 
fected, I think that the troubles of the 
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man in charge would be reduced con- 
siderably. l 

The Chief Electrician should not be 
required to move motors from one lo- 
cation to another, because a millwright 
is more thoroughly equipped for such 
work. Changes of speed are the most 
numerous and are sometimes rather. 
hard to cover if it is impossible to 
change the pulleys or gears. Changes 
created by trying to replace a burned- 
out motor cover a wide range. The 
best method is to try to arrange for 
making these changes before the break- 
down comes. Then the job will be 
more thoroughly done and is more 
likely to be satisfacto 

If information on conditions that 
might arise from a burnout could 
given, such as a change from one type 
of motor to another, or a phase or 
voltage or cycle change, it might 
make these changes easier. 

Manufacturers of testing equipment 
would be glad to inform persons in the 
use of and advantages of load and 
power factor testing instruments which 
gel maintenance men would be glad 
to get. 


J. Elmer Housley, Electrical Engi- 
neer, Aluminum Ore Company of Amer- 
ica, East St. Louis, Ill.: 1. The duties 
of men in charge of maintenance work 
cover a wide scope. Vision, imagina- 
tion and responsibility are the chief 
ear-marks of a good maintenance engi- 
neer. Vision is required to foresee the 
trend of development in the indus 
and to keep clearly in mind what will 
be needed tomorrow to replace that. 
which is wearing out today. Imagina- 
tion plays its part in adapting the best 
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methods of other minds to one’s own 
problems. Responsibility means, of 


course, that jobs which are undertaken . 
that the maintenance organization has 


under his supervision will be concluded 
efficiently, completely, and at a mini- 
mum cost. He is responsible for the 
initiating of repair jobs to prevent 
breakdowns and for repairs after 
breakdowns occur. He must order ma- 
terials for repairing breakdowns and 
for replacing materials that simply 
wear out in service. Original designs 
which prove unsatisfactory must be al- 
tered so as to function properly. He 
must also secure the confidence and co- 
operaron of the men in the department 
if a full measure of service is to be se- 
cured from them. The plant operation 
foremen have duties which are special- 
ized according to industries and will 
not be discussed here. 

2. My ideas regarding an electrical 
force were given in the March, 1922, 
issue of INDUSTRIAL ENGINEER, In con- 
nection with electrical equipment, the 
work handled by the Master Mechanic 
should be confined to lathe work, such 
as making bearings and turning com- 
mutators where there are only a few 
and he should handle the riggers which 
are available for all departments. In 
any plant large enough to require an 
electrical organization it is a great 
mistake to allow the direction of this 
department to come under the Master 
Mechanic. A man of sufficient caliber 


Electrical organization for a plant 
having a power generating station 
with 25,000 hp. connected load and 
employing about 100 people in 
electrical work. 
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should be made responsible for the elec- 
trical division as a unit: - 
3. From my observations I believe 


equal opportunities in the electrical or 


mechanical divisions for making a sav- 


ing „ to the capital invested. 

4. anges most often made by 
maintenance men are. in cases where 
the original installation does not func- 
tion properly, due to improper arrange- 
ments and where the maintenance cost 
on old equipment becomes too high and 
where improvements in production 
quantity or quality may be made. In 
a large organization the engineering 
and maintenance organizations dove- 
tail so closely that it is not always pos- 
sible to make close distinctions as to 
where a job may begin or end. 


E. D. Chrisman, Chief Electrician, 
Lynchburg Foundry Co., Lynchburg, 
Va.: The equipment of the Lynchburg 
Foundry Company consists of about 
2,000 hp., in d.c. and a.c., 220-volt 
motors. The power is bought from the 
Lynchburg Traction and Light Com- 
pany and used without transformers 
for operating our synchronous and in- 
duction motors in the power house that 
run motor-generator sets and air com- 
pressors. The 2,300 volt, three-phase, 
sixty-cycle power is also transformed 
to 220 volts, three phase, sixty-cycles 
for the smaller-sized motors used for 
general power purposes. The motors 
run from % hp. to 170 hp., a.c., and 
from 1 hp. to 50 hp., d.c., both 220 
volts. The motor-generators suppl 
d.c. for our traveling cranes and small 
hoists and the air compressor is driven 
by a 2,800-volt induction motor. 

The service that machinery gets 
around a pipe and plow foundry is 
very severe on account of the ever- 
present flying sand and dust. The 
equipment is handled roughly and 
worked to the very limit. The floor 
motors are used for the completion of 
the foundry work and for the blower 
for each of four cupolas. 

The maintenance crew consists of 
two electricians, one machinist, oiler 
and belt man and one helper who takes 
care of the plow r gee machine heat- 
ers.. The electri equipment is oiled 
by the oiler and any undue noise or 
anything that does not look right is 
immediately reported to and inspected 
by the Chief Electrician. The oper- 
ators of the floor machines are watch- 
ful for trouble and immediately notify 
the chief or his assistant when any- 
thing goes wrong. Daily inspections 
are carried on while everything is in 
operation; any machine that develops 
trouble is shut down and the chief is 
called and decides whether the machine 
shall be repaired immediately or after 
the day’s run. The cranes are in- 
spected by the chief or his assistant 
during operation and thoroughly after 
each day’s run. The motors, control- 
lers, shoes, brushes, bearings, brakes 
and brake coils 1 are gone 
over, and any needed repairs are then 
made so as to have everything O. K. 
by morning for the next day's run. 

The Superintendent and Master Me- 
chanic are called in on any serious or 
heavy breakdown of a mechanical na- 
ture. The Superintendent is a past 
master mechanic and able to give prac- 
tical advice on all mechanical troubles. 
The operators on the cranes help on 
repairs and breakdowns and are held 
responsible for a clean and orderly 
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crane. The chief has full authority 
and is held responsible for all electrical 
and mechanical equipment and has the 
full co-operation of the Master Me- 
chanic in all breakdown jobs and has 
full power to call for any help needed 
to get the repairs made as soon as 
ossible so as to get the equipment 
ack in service. 

The chief has full charge over the 
operation and control of the power 
house equipment, being held respons- 
ible for its operation. All storeroom 
and. plant orders are issued by the 
chief for any electrical or mechanical 
repairs or supplies needed. Spare 
parts, such as armatures, field coils, 
brake coils, spare controllers, face- 

late resistance contacts, segments, 
rushes, gears, pinions, and so on, are 

carried to handle most of the break- 
down troubles. Spare belts are car- 
ried for all important drives. Spare 
motors complete are carried for all key 
devices and only a short time is re- 
‘quired to unbolt one motor and bolt 
down the other. 
Our greatest changes are of the na- 
ture of changing motors or machines 
to get better results or higher pro- 
duction, or changes from one depart- 
ment to another to hasten production 
or add to present equipment. Other 
changes include switches which make 
it possible to operate motors on dif- 
ferent controllers and vice versa, to 
help out in a rush or breakdown. 


H. E. Reinhold, Chief Electrician, 
American Sheet & Tin Plate Co., New 
Philadelphia, Ohio.: As a Chief Elec- 
trician my duties are to make all new 
installations, both motor and light- 
ing, and to order all equipment, both 
for new work and for repairs. I am 
responsible for the continuity of oper- 
ation of all electrical equipment; for 
the prompt, economical and efficient re- 
pair of same, and for the regularity 
and efficiency of the inspection of this 
equipment. 

From my experience in repairs to 
electrical . equipment, the mechanical 
portions, such as truing of armature 
shafts, turning of commutators, mak- 
ing bushings and relining of babbitt 
bearings should be handled by the 
Master Mechanic, except in cases where 
the plant is of such proportions as to 
justify the carrying of a first-class me- 
chanic on the electrical force. 

A maintenance organization can 
show the greatest economy by a faith- 
ful, conscientious, well-planned inspec- 
tion of all electrical equipment. The 
old adage, A stitch in time saves 
nine” is nowhere better exemplified 
than in this connection. 

The following may be irrelevant, but 
I believe that a little discussion of this 
matter in the pages of INDUSTRIAL En- 
GINEEE might help the Chief Electrician. 
On several occasions in the last few 
years I have been called upon to make 
installations of electrical equipment. 
One just recently ran into thousands 
of dollars, in conjunction with mechan- 
ical machinery. In all cases the me- 
chanical end of the job is furnished 
with complete details and plans but the 
electrical end of the job does well if 
the foundation bolts for the motors 
are shown on the general plan. With 
the advent of relay control for heavy 
and reversing motors it becomes quite 
a problem to take care of this after the 
mechanical end of the job is nearing 
completion. In the old days it was 
possible to stick a switch and rheostat 
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These men ake care of all electrical 
equipment, including motors, of which 
there are 140 ranging from Ye hp. to 
100 hp., welding machines, eight indus- 
trial trucks, signal systems, light and 
other equipment. 


almost any place at any time, but with 
a conduit installation and up-to-the 
minute equipment, this is impossible. 
I think it timely therefore that we of 
the electrical game insist that the en- 
gineers and drafting room find a place 
for our equipment the same as they 
do for the mechanical men. 


J. Jensen, Chief Electrician, Domin- 
ion Oilcloth Co., Montreal, Quebec, Can- 
ada: The duties of the men responsible 
for maintenance and operation in a well 
organized works are to see that all ma- 
chinery, electrical and mechanical, is 
put up in such a way that every pro- 
tection against accident is provided for 
the men who handle the machines; also 
to see that all machinery is kept in 
good running order and if possible to 
discover trouble and have things fixed 
up before an actual breakdown takes 
place. 

All construction work, that is, new 
eiectrical installations and maintenance 
of all electrical apparatus, should come 
under the supervision of the mainte- 
nance organization. I have found that 
to appoint men to special duties and 
hold them responsible for their par- 
ticular work gives the best all-round 
satisfaction. The men seem to take 
more interest in their work when they 
know they are wholly responsible for 


Co-ordination of engineering, oper- 
ating and maintenance work in a 
clock works covering twelve acres 
and divided into thirty-eight de- 
partments. 
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the continuous operation of machines 
under their care. 

All work, mechanical as well as elec- 
trical, in connection with electrical 
machinery and apparatus should be 
handled by the Chief Electrician, and 
he should be held responsible. Mechan- 
ical machinery, shafting, pulleys and 
bearings (not motor or generator bear- 
ings), belts, etc., should be left to the 
Master Mechanic. 

On repair work by continually being 
on the lookout for trouble and making 
the repairs before a general smashu 
takes place. The old saying, “A stitc 
in time saves nine” applies here. 


O. C. Callow, Chief Electrician, The 
Trumbull Cliffs Furnace Co., Warren, 
Ohio: 1. The main duty and responsi- 
bilities of the man in charge of main- 
tenance in a modern industrial plant 
is continuity of operation with low 
maintenance costs. In order to secure 
these results he must have an efficient 
organization, containing men who are 
trained to the slogan, “Prevention is 
Better than Cure’—men who will lo- 
cate the weak spots before they find 
them stopping operations. 

He must study his stock of spare 
parts, being careful to maintain a stock 
which will enable him to keep his plant 
in operation, and yet must keep this 
stock down to a minimum to obtain 
low costs, as a very large amount of 
money can become tied up in spare 
parts which are seldom or infrequently 
required. j 

2. All machinery which is operated 
electrically, such as cranes, ore bridges, 
and so on, should be under the direct 
charge of the Chief Electrician. If the 
plant is a large one, a crew of mill- 
wrights and riggers should be worked 
under the Chief Electrician to take care 
of the maintenance of this equipment. 
In small plants, however, this cannot 
be done and these men should be bor- 
rowed from the mechanical department 
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as required; their work still being un- 
der the control of the Chief Electrician. 
This calls for very close co-operation 
between the Chief Electrician and the 
Master Mechanic, the two departments 
porns as a unit—a thing not always 
found in industrial plants, but most 
desirable. 

All motors should be installed by the 
electrical department and lined up by 
them. All pinions, pulleys and coup- 
lings should be under this department. 

The 1 motor inspector is not 
as a rule a first-class rigger and mill- 
wright; so it is sometimes advisable 
to somewhat restrict his work to the 
electrical end and employ a man or 
two for the mechanical work. 

8. In plants which shut down over 
the week-end, or on Sundays, there is 
‘a much better opportunity to take care 
of the maintenance than in plants 
which run continuously, such as blast 
furnaces and coke oven plants. A cer- 
tain amount of equipment can be sched- 
uled for overhauling on each Sunday so 
that everything is overhauled after a 
certain time and a complete record can 
be kept of what work has been done 
and when. When there is no regular 
shutdown period, the electrical depart- 
ment must keep their equipment oper- 
ating and do their overhauling when a 
shutdown is required for other pur- 

oses. As an example: Should the air 

taken off of a blast furnace for any 
reason, the Chief Electrician should see 
to it that all equipment involved in 
this shutdown is overhauled. A record 
of work which is to be done at such 
times should be kept. By taking ad- 
vantage of these shutdowns the elec- 
trical department can get by without 
any delays credited to them. 

4. A maintenance man may be 
called upon to make a great number 
of changes covering practically all 
kinds of equipment. It is not a good 
arrangement to have motor inspectors 
and maintenance men do too much con- 
struction work as they most often neg- 
lect their inspections to do this work. 
A small construction gang should be 
employed which can either be put on 
special work or laid off when the con- 
struction work is finished. 
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G. E. Christoff, Chief Electrician, 


Marquette Cement Mfg. Co., Cape Gi- 
rardeau, Mo.: 1. The main duties of 
the man in charge of maintenance and 
operation of electrical and associated 
mechanical systems, may be frequent 
inspection of the equipment and proper 
instructions to the men who, are under 
him so that they can give the equip- 
ment the best of care. 

2. The line of work that would come 
under the Chief Electrician is all elec- 
trical installation, maintenance and 
overhauling of the electrical equip- 
ment. He can best organize a force to 
handle this work by having a man 
handle each particular part and see 
that these men are acquainted with 
their work. They will then do better 
work than they would if they were 
shifted from one job to another. All 
electrical work can be handled by the 
Chief Electrician and all mechanical 
work by the Master Mechanic. 

3. The men in charge of mainte- 
nance are often requested to change or 
rearrange some equipment so that it 
will be possible to obtain greater out- 

ut or the same amount of output with 
ess expense. ; 5 


A. W. Durrin, Chief Electrician, 
Manhasset Mfg. Co., Putnam, Conn.: 
1. To provide continuous operation of 
equipment with the highest possible 
efficiency at a minimum expense, the 
lines of work involved are: installation, 
operation, inspection, repairs and sup- 
plies. 

The organization of a force to handle 
this work will naturally vary with the 
size of the pan and the nature of the 
product. The organization chart below 
shows the force required for the elec- 
trical and associated mechanical equip- 
ment in a works that requires say 5,000 
kw. generator capacity. In smaller 
plants some of these functions would 
necessarily have to be combined. 

The regular inspection of electrical 
equipment is a most necessary pre- 


Maintenance organization for a 
textile mill operating 1,800 hp. in 
motors. 
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caution where the utmost in service is 
required. In a large plant it will be de- 
sirable to have men whose special duty 
it is to regularly (as often as daily in 
cases of exceptionally severe service) 
inspect all equipment and make minor 
repairs on the job. In medium and 
small plants, depending also on oper- 
ating conditions, it can be arranged 
to have the inspecting done by some 
of the repair or construction crew. 

The number of men required for re- 
pair work will, of course, depend on the 
size of the plant and the operating con- 
ditions. To keep repairs at a minimum 
presupposes a high class of installation 
work and intelligent and rigid inspec- 
tion. If there is enough work to just- 
ify it, armature and coil-winding equip- 
ment are desirable with facilities for 
baking and testing. 

As pointed out in an earlier number 
of INDUSTRIAL ENGINEER a well-equipped 
electrical storeroom is a necessity to 
insure the least possible delay in get- 
ting equipment going and keeping it 
going. On the chart, the electrical 
stores are put under the repair fore- 
man as in a plant of this size it is con- 
venient to combine the storeroom and 
repair shop. Of course, the number 
and size of spare motors, switches and 
parts to be carried in stock will vary 
with every plant, but in every case a 
certain definite amount of spare equip- 
ment will prove mighty cheap insur- 
ance in keeping things a-running. 

As to the work that can best be 
handled by the Chief Electrician and 
the Master Mechanic, there is doubt- 
less room for considerable difference 
of opinion, but the method we have 
found suitable for the plant here (a 
textile mill using some 1,800 electrical 
horsepower) is as follows: The Master 
Mechanic sets up the machine to be 
driven, hangs and aligns the motor (all 
motors here are mounted on the ceil- 
ing) which has previously been equip- 
ped with the proper size pulleys, puts 
on the belt and oils the bearings. The 
Chief Electrician has the conduit, wir- 
ing, cut out and switch installed and 
connects the motor. After the proper 
direction of rotation is secured that 
particular machine is ready for produc- 
tion. The oiling of all motors and 
shafting and the care of all bearings ìs 
under the direction of the Master Me- 
chanic. If for any reason a motor has 
to be taken down the fuses are pulled 
and the motor disconnected by the 
electrician, while the mechanic lowers 
the motor to the floor. The Chief Elec- 
trician, of course, has charge of in- 
specting all electrical equipment and 
cleaning of motors and switches, which 
is done periodically. Areas 

3. A maintenance organization 
should show the greatest saving on re- 
pair work, particularly that which in- 
volves the stoppage of work in process. 
A rigid inspection system, and a well- 
equipped storeroom backed up by a 
capable body of workmen can effect 
very great savings by reducing the de- 
lays and losses due to failure of elec- 
trical equipment to a minimum. 

4. Probably this will vary greatly 
in different plants. Here we are fre- 
quently called upon to change from 
group drive to individual drive; also 
to install additional feeders to relieve 
those that are overloaded or becoming 
so. It is also a common occurrence to 
change the lighting layout to suit 
changed operating conditions. Much 
valuable information along this line has 
appeared in INDUSTRIAL ENGINEER, 
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Reclamation Plant 
for Equipment 


(Continued from page 46) 


sold. Other brass scrap is carefully 
classified according. to the various 
grades and sold. The insulation is 
burned from copper wire and cable 
which is not otherwise usable, and 
the wire sold as scrap copper. 
Burned-out incandescent lamps with 
unbroken bulbs are often sold to 
lamp manufacturers. Glass, com- 
prising broken window panes, bot- 
tles, incandescent lamp bulbs and so 
on is collected and sold to glass mak- 
ers. The brass base of broken lamps 
is sold as brass scrap. Waste paper 
is sorted, baled and sold to dealers 
in this material. Burlap, felt and so 
on are likewise sorted and baled. 

As was mentioned previously, iron 
and steel scrap is sorted in the yard, 
classified as cast or malleable iron, 
low-carbon steel, tool steel, and so on 
and disposed of to junk dealers. 

After the material which comes to 
us has been worked over as de- 
scribed above and either put again 
into usable form or prepared for sale 
as scrap, there remains the problem 
of disposing of it, as we do not at- 
tempt to store any large quantity of 
supplies. This distribution is han- 
dled in the following manner: Once 
a month the purchasing department 
sends us a list of the materials and 
supplies which have been requisi- 
tioned by the various storehouses 
and other departments of the road. 
Items which we can supply from our 
stock are taken off this list. Requisi- 
tions are then issued on us by the de- 
partment or storehouse which needs 
‘the material and we send it on, 
charging it against the department 
at the prevailing market price. 

Scrap material is, of course, sold 
to junk dealers, on the highest bid. 

The growth of the Corwith plant 
has been gradual but steady. At first 
only a comparatively few items of 
equipment and material were sal- 
vaged, but as market conditions have 
changed and our experience has 
grown we have increased the extent 
of our work. There are still many 
items which we do not attempt to re- 
claim, although the number is re- 
duced from time to time. With the 
wide variety of material which 
comes to us. it is sometimes difficult 
to decide just what should be done 
with a particular item. In practi- 
cally all cases the answer to the ques- 
tion, “Can it be reclaimed at a 
profit?” is the deciding factor. 
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Smith and Serrell, Central Avenue at 
Halsey Street, Newark, N. J.—A new 
32-page bulletin, 37, describes the 
line of “Franke Flexible Couplings 
for Direct - Connected Machines.” 
This not only contains a large num- 
ber of photographs of machines, in 
various industries, which are direct- 
connected by flexible couplings, but 
also a number of special machines 
which often use this equipment. In 
addition to descriptions of the appli- 
cation of the various types, a page 
of directions for selecting the proper 
size is included, as well as directions 
for installing the couplings and in- 
formation for the user. ree pages 
are given over to information about 
direct-connected installations which 
show how to install, grout, align, and 
check up the coupling. 


Foamite-Childs Corporation, Utica, N. Y. 
—A 16-page booklet entitled, “The 
Essentials of Self-Protection Against 
Fire,” discusses the various types of 
portable fire extinguishers and their 
use on the different classes of fires. 
For easy reference this information 
is charted. 


The Electric Storage Battery Company, 
Alleghany Avenue and Nineteenth 
Street, Philadelphia, Pa.—Eighteen 
bulletins which comprise a complete 
storage battery engineering an op- 
erating data book have been gath- 
ered into a spring back binder which 
will be distributed to electrical en- 
gineers requesting it on their official 
stationery. Copies of individual 
bulletins will be supplied upon re- 
quest. Those of particular interest 
to the readers of INDUSTRIAL ENGI- 
NEER are: No. 159—Exide-Ironclad 
Batteries for Storage-Battery Lo- 
comotives; No. 160R—The Adapta- 
bility of Industrial Trucks and 
Tractors; No. 181—Operating Char- 
acteristics of the Lead Acid Storage 
Battery; No. 188—Portable Types of 
the Exide Battery; No. 191—Exide 
Batteries for Oil Switch Operation; 
No. 192—Exide Batteries for Port- 
able Signal Service; No. 194—The 
Electric Motor Truck, Its Adaptabil- 
ity and Advantages; No. 195—The 
Exide-Ironclad Battery for Storage- 
Battery Locomotives; Forms 1791 
and 1874 — “Facts”—two booklets 
which contain helpful information on 
the selection of batteries for locomo- 
tive service and for industrial trucks 
and tractors. Other bulletins in this 
series cover the use of batteries in 

. power plants, railways, on power 

boats and in other service. 


National X-Ray Reflector Company, 
235 West Jackson Boulevard, Chi- 
cago, Ill._—New literature announces 
a special mill reflector for localized 
industrial lighting, as required on 
work benches and machines, and de- 
1 to use the T-19 bulb mill-type 
amp. 


The Esterline Company, Indianapolis, 
Ind.—An attractive 48-page booklet 
entitled “Do It Graphically,” sets 
forth the advantages of graphic rec- 
ords as obtained through the use of 
Esterline graphic instruments. Some 
of the points discussed are: Graphic 
records and the executive; increasing 
the productiveness of labor; graphics 
for measurement of power; testing 
and recording the performance of 
equipment; obtaining data for design. 
A complete description of the me- 
chanical and electrical elements of 
the meters, as well as their construc- 
tion and operation is included. 


Edwin L. Wiegand Company, 422 First 
Avenue, Pittsburgh, Pa.—Folders de- 
scribe the “Chromalox” strip heaters 
for commercial and domestic heating. 
These strip heaters are used in ele- 
vators, baking and drying ovens, and 
for other industrial purposes. 


Reliance Electric and Engineering Com- 
pany, Cleveland, Ohio—Bulletin 1014 
describes the Reliance AS ad- 
justable speed motors of the arma- 
ture shifting design for direct cur- 
rent. Considerable space is given to 
a discussion of the mechanical de- 
tails and principles of operation, 
starting and reversing equipment, 
speed control, and the characteristic 
curves. A table of ratings and di- 
mensions as well as a num 
illustrations of actual installations 
are included. l 


Graver Corporation, East Chicago, Ind. 
—Bulletin 501 covers the Graver 
Water Filters of the horizontal pres- 
sure type. 


Wisconsin Electric Company, Racine, 
Wis.—A number of small folders de- 
scribe the “Dumore” electric s 
tools and motors such as portable 
and precision drills and a geared 
flexible-shaft, utility tool. 


The Century Electrical Company, Syra- 
cuse, N. Y.—Circulars describe the 
Century armature and field testers 
which are specially adapted for test- 
ing new or repaired work. 


Ajax Electrothermic Corporation, 636 
East State Street, Trenton, N. J.— 
Bulletin 2 describes the “Ajax-North- 
rup High Frequency Induction Fur- 
nace.” This consists of a 16-kva. 
converter and small furnace which 
will give a temperature up to 2,000 
deg. C. This furnace is claimed to 
be oe adaptable for experi- 
mental work or for the preparation 
of small quantities of alloys. 


Fulten Iron Works Company, St. Louis, 
Mo.—A 32-page attractively illus- 
trated booklet describes the construc- 
tion and operation of the Fulton- 
Diesel engine. Construction details 
are shown by illustrating the various 
steps taken in the assembly of the 
engine. A special chapter is devoted 
to fuel economy and oil consumption. 
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There isn't a shop in the land that doesn’t need 
Hauck Oil burning equipment for some opera- 
tion, either in manufacturing or repair work. 

Maintenance and operating men will find 
many suggestions in the Hauck catalogs. 

There isn’t a heating need in any shop that 
cannot be filled with one of our many types of 
heaters. 

Special catalogs on torches for machine and 
repair shops, on furnace burners, heaters for 
asphalt, tar and pitch kettles, rivet heaters, lead 
and babbitt melting furnaces and thawing 
equipments will be sent upon request. 


Write us about your requirements or mainte- 
nance problems. Our Experience is at your service. 
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ALLIS-CHALMERS 


Type “E” Direct Current Motors 


For Industrial and Machine Tool Service 


A complete line of constant 
and adjustable speed motors for 
driving Lathes, Boring Mills, 
Milling Machines, Radial 
Drills, etc. 


Also Special Motor Equipment for 


Boring Mills Bending Rolls 
Wheel Lathes Planers Slotters 


Auxiliary Motors, etc. 


The demands of the machine tool industry 
for an unusually rugged and efficient motor 
are met in the new type “E” D.C. motor per- 
fected by the Allis-Chalmers engineering 
staff. This is an entirely new design and the 
motor is receiving the highest approval from 
users. Some of its features are: 


Ratings and speeds corresponding to 
standard 60-cycle induction motors—A com- 
plete line of constant and adjustable speed 
ratings—Rugged cast steel yokes—Commu- 
tating poles, insuring sparkless commutation 
—Dust proof bearings—Windings treated to 
resist oil and moisture—Thorough ventila- 
tion—Conduit terminal boxes on all motors 
—Improved box type brush holders—Stand- 
ard enclosing covers—Interchangeable parts 
—All parts easily accessible. 


Send for Bulletin 1106 


ALLIS -CHALMERS 
PRODUCTS 
Electrical Machinery 
Steam Turbines 
Steam Engines 
Gas and Oil Engines 
Hydraulic Turbines 


. MANUFACTURING COMPANY 


Mining Mach nery MILWAUKEE, WISCONSIN., U.S.A. 
District Offices in All Leading Cities. 
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What Will a 
Motor Look Like 27 
Years From Now’? 


Here’s One That’s Seen 


27 Years of Service But 
Its Type Would Be Recog- 
nized Today By Only a 
Few Men 


dence turns up which 

shows that some of the 
early electrical equipment was 
built better than the designers 
knew and from the standpoint 
of service rivals some newer de- 
signs. Here is a photograph 
taken in the Sacramento (Calif.) 
shops of the Southern Pacific 
Railroad of a Westinghouse 
Tesla type B alternating-current 
motor that has been in daily 
service for more than 27 years 
and is still going. 

This is a 15-hp., 1,200 r.p.m., 
three-phase, 60-cycle motor op- 
erating at 500 volts that was in- 
stalled in 1896, about two years 
after this design of motor was 
developed. It was built with a 
rotating primary and a station- 
ary secondary provided with a 
series gf U-shaped resistance 
grids bolted to the rear ends of 
the secondary bars for starting. 
When the rotating primary is up 
to speed the secondary is short 
circuited by moving the large 
lever at the top of the motor 
frame. This lever is connected 
to a large copper ring which can 


Fy ence NOW and then evi- 
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Number 2 


be seen inside the motor at the 
top of the frame. This ring car- 
ries a number of fingers which 
make contact with the square 
bosses at the upper ends of the 
cross connections. The opera- 
tion of this motor was ingenious 
though complicated when com- 
pared with the induction design 
as we now know it. 

With this picture we have in- 
serted another on a somewhat 
different but related subject 
which shows that it was not a 
difficult matter at one time to 
know pretty much everything 
about the entire line of a motor 
manufacturer. This photo shows 
the complete price list and first 
catalog of the Westinghouse 
Electric and Mfg. Company 
dated January 1, 1889, a little 
over 35 years ago. It lists five 
alternators with the auxiliary 
equipment needed for lighting 
service. Only the 500, 750, 1,500 
and 3,000 light machines were 
then available. The No. 4 unit 


was still a design “on paper.” 
Today the supply apparatus 
catalog of this company con- 
tains something like 1,300 pages 
and it’s no small job to keep up 
with the new things added every 
time it is reprinted. 

These two pictures typify the 
development that have attended 
electrification of industry dur- 
ing the lifetime of many of us 
who still call ourselves young. 
What will happen electrically 
during the next 35 years not 
even the wisest of us dare to pre- 
dict. It is certain, however, that 
the electrical man then will be 
an extremely wise individual” 
along certain lines. 
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Four Plants of the Pacific Mills 


Where cotton is put through the sixty-seven processes wich are required to turn it into cloth. The fourteenth 
of a series devoted to the growth and extent of our basic American industries. 


‘EXTILES and tex- 

tile products, accord- 
ing to the Manufactur- 
ing Census of 1921, is the 
second largest industry 
and ranks next to the 
food and food products 
industry. The total 
value of products, accord- 
ing to this report for 
1921, was over $6,960,- 
000,000. Although the 
value of the products is 
about a billion dollars 
less than of the food and 
food products industry, 
the textile industry re- 
quires almost three times 
as many workers, and 
employs about 500,000 
more workers than were 
engaged in the manufacture of 
iron and steel and their products, 
which is the second largest em- 
ployer of labor. 

The total value of the textile 
fabrics and material produced in 
1921 was almost $3,900,000,000; 
the largest single item, of course, 
was made up of cotton goods with 
a value of about $1,280,000,000. 
This was about 50 per cent more 
than the value of the worsted and 
woolen goods manufactured. Of 
the manufactured textile prod- 
ucts mens’ and womens’ clothing 


is by far the largest item, with 
a value of about $934,000,000 and 
a little over $1,022,000,000 re- 
spectively. 

The spinning of thread and 
weaving of cloth was a home in- 
dustry until about the beginning 
of the 19th century. The inven- 
tion of the spinning jenny and 
the power loom gave an impetus 
to weaving, which made it one 
of the first factories where a 
large number of workers were 
employed. The invention of the 
cotton gin in the United States 


Machines for impressing 
the colors on printed cotton 
goods. i 


Each of this battery of forty- 
eight machines will print eight 
colors at once. The individual 
motor drive for each machine 
is located in a gallery above 
the machine. After it is 
printed the cloth goes up over- 
head, as shown and, after it 
is dry, is inspected and folded. 


about 1793, enabled the 
cotton seed to be removed 
economically from the 
boll, so that cotton fiber 
could be produced in suffi- 
cient quantities to permit 
its use for the manufac- 
ture of thread and cloth. 
The manufacture of cloth 
has developed large indus- 
trial institutions. The 
manufacture of the cloth 


These four Pacific mills are located 
at Lawrence, Mass. 


The Bleachery of the Print Works de- 
partment contains the largest bleach 
house in the world with eighty bleach- 
ing kiers, each of which holds about 
50,000 yards of cloth. The plant has a 
total boiling capacity of about 370 tons 
of dry cloth each day. The Print 
Works, upper right, contains fifty print- 
ing machines and a dye-house for 
printing, dyeing and finishing cotton 
fabrics. The Worsted department, 
lower left, operates 92,464 worsted 
spindles, 31,360 spindles for combed 
cotton yarns and 3,753 looms for mak- 
ing cotton-warp and womens’ all-wool 
dress goods. The Cotton department, 
lower right, operates 184,096 spindles 
and 3,811 looms for making cotton 
cloths for dyeing, printing and bleach- 
ing. In addition to these, the company 
has several mills at other locations. 
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Views of four different departments 
in a Pacific mill. 


The Worsted Spinning room (upper 
left) shows part of the 260 cap-spin- 
ning frames operated in the “Worsted 
department. The Cotton Twisting de- 
partment (upper right) shows the 
equipment used for making two-ply 
yarns. In the Cotton Roving depart- 
moni 90 0 8. 5 left) the thread is wrapped 

bins. Preliminary to weaving. 
the threads are wrapped on a warper 
(lower right) where, if a thread should 
break, the machine is automatically 
stopped. 


into clothing and other products, 
however, is, in many cases, car- 
ried on in small industrial plants. 
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The reason for this is easily seen 
from the fact that the manufac- 
ture of cotton cloth, such as twill, 
requires sixty-seven distinct oper- 
ations, from the ginned cotton to 
the bolt of cloth. This necessi- 
tates large investments in ma- 
chinery and in raw material. The 


Weaving and finishing cloth 


In the weaving room of the Worsted de- 
partment (lower left) are shown some 
of the 8,670 looms operated. The view 
at the lower left shows the line of cal- 
endars in the bleached white Finishing 
department of the Print Works. 
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manufacture of many finished 
textile products, such as cotton 
aprons or dresses, requires a com- 
paratively small investment. 

In the early days of the textile 
industry, most of the plants were 
located in the New England 
states. Because of the proximity 
to the cotton fields, many mills 
are now located in the Carolinas 
and other Southern states. 

One of the largest manufac- 
turers (Continued on page 108) 
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Service Conditions 
That Indicate 


When to Use Group 


and Individual Drives 


Together With Practical Operating Requirements 
And Supporting Data That Have Been Developed 
From Long Experience in Mill and Factory Work 


By ROBERT W. DRAKE 


Electrical Engineer, McCormick Works, 
International Harvester Com- 
pany, Chicago, Ill. 

CAREFUL ANALYSIS of the 
A reputed advantages of indi- 
vidual drive as compared with 
group drive will show that the latter 
has a much wider field of application 
than is commonly supposed. The fol- 
lowing article analyzes the advan- 
tages of each method of drive and 
shows the proper field of application 
for each. 

Twenty-five years ago, when the 
first applications of electric drive 
were being made in industrial 
plants, there were many cases where 
the logical substitute for the old en- 
gine drive was an individual drive 


for each machine tool. 
due to the lack of development of 
motors and machine tools existing 


THIS IS the first of three 
articles that will analyze the 
advantages of group and in- 
dividual drives. The article 
to follow will go into detail 
concerning the advantages of 
group drive and will give an 


actual comparison of invest- 
ment and operating costs for 
each. The third article will 
discuss points that should be 
considered in the installation 
and operation of group and 
individual drives. 


This was 


Any machine which takes consider- 
able power and operates at a fairly 
constant load not much below its 
maximum load should be considered 
for individual drive. 


Such a machine should be so driven if 
it requires 25 hp. to 50 hp. or over. 
Many smaller loads can be individ- 
ually driven if special conditions 
such as exceptionally high speed will 
show a saving. 


at the time. In many instances, de- 


cisions were based on a careful anal- 
ysis of conditions, but many other 
installations were made without ade- 
quate, detailed knowledge of the sit- 
uation. 

The advantages of individual 
drive were evident to all but the dis- 
advantages were much less evident. 
Within a few years individual drive 
became a fad. Many engineers who 
lacked actual operating experience 
with it, believed that a little further 
development in motors and control 
would make individual drive well 
nigh universal. However, as time 
went on and more engineers gained 
experience with both kinds of drive, 
individual drive came to be less and 
less generally regarded as a univer- 
sal panacea. 

During the past ten years alter- 
nating current has been developed 
so that it offers many advantages 
over direct current for industrial 
plant drives. Since alternating cur- 
rent lends itself to individual drive 
less easily than direct current, this 
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fact has greatly influenced the deci- 
sion as to the type of drive to be 
used. 

At present the most experienced 
engineers engaged in industrial 
power applications recognize that 
both individual and group drives 
have their places. Fifteen years’ 
experience has convinced the writer 
that the fleld of group drive is much 
broader than was originally sur- 
mised. The present tendency of al- 
ternating current to displace direct 
current has caused machine tool 
builders to design machines which 
have a performance in group drive 
which closely approaches, from a 
production standpoint, the possibili- 
ties of individual drive. 

The discussion and comparison 
which follows is intended to give an 
unbiased survey of the “present 
state of the art,” and will offer in- 
teresting suggestions from the 
standpoint of design, operation and 
economics. 

In the light of the general princi- 
ples outlined in the accompanying 
boxed statements of reputed advan- 
tages, let us consider those applica- 
tions where individual drive shows 
undoubted superiority before pro- 
ceeding to discuss each point in de- 
tail. 


APPLICATIONS WHERE INDIVIDUAL 
DRIVE SHOWS SUPERIORITY 


In heavy machine shops, locomo- 
tive shops, and the like, where the 
parts to be handled are heavy and 
crane service is desirable over a 
great part of the floor area, individ- 
ual drive is almost necessary over 
that part of the floor reached by the 
traveling cranes. The elimination 
of overhead shafting and belting 
which interferes with the crane 
hook or low-hanging loads, leads to 
almost certain decision for individ- 
ual drive in such instances. 

In some cases a basement with 
group lineshafting on the basement 
ceiling offers a fair substitute, but 
in general, shop buildings where 
heavy work is done, are best built 
without basements on account of the 
heavy floor loads which must be pro- 


This picture shows some of the ad- 
vantages of individual drive. 


These are elimination of overhead 
shafting and belting, cleaner shop 
and better light. Since the motors 
operate at constant speed and all 
speed changes are made by pulley or 
gear changes, as far as production is 
concerned, the machines could be 
group driven with a consequent sav- 
ing in first cost and electrical 
maintenance. Although the individ- 
ual drive is used some of the dis- 
-advantages of belt drive are present 
- because of the short belt between 
motor and lathe pulley. 
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I. Principal Reputed Advan- 
tages of Individual Drive. 


A. Elimination of overhead shaft- | 
ing and belting. 
1. Lineshaft friction losses 
eliminated. 
. Maintenance of shafting 
and belting eliminated. 
. Cleaner shop. 
. Better light. 
Closer speed adjustment 
of the tool to the work. 


B. Location of machines to suit 
the continuity of a manufac- 
turing process without regard 
to the location of lineshafting. 


C. When only a small proportion 
of the installed machines is 
to be operated (e. g., over- 
time or slack season) it is 
not necessary to operate idle 
shafting and belting. 


D. On large work the tool may 
be taken to the work instead 
of the work to the tool. 


II. Principal Reputed Advan- 
tages of Group Drive. 


A. General advantages. 

1. Lower first cost. 

2. Lower electrical mainte- 
nance expense. 

3. Breakdowns with conse- 
quent delay to produc- 
tion less frequent. 

4. Possible to standardize 
more fully on motor 
styles and speeds, with 
consequent possibility of 
carrying complete line of 
spares and ing in 
greatly decreased delay 
from such breakdowns 
as do occur. 


B. Particular advantages when 
using a.c. power. 

1. Here the lower first cost 
extends back through the 
distribution system and 
to the power house. 

2. If the power is pur- 
chased, this is reflected 
in a lower unit cost for 
power because of the 
greatly increased power 
factor attainable with 

group drive. 
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vided for. A considerable number 
of heavy machines will require foun- 


dations built through the basement 


anyway. The fact that an indefinite 
number of belt openings cannot be 
cut through a heavy concrete floor 
without unduly weakening it, limits 
the moving of machines which nor- 
mally goes on in a shop from time to 
time as the product or processes 
are changed. 

At present the most frequent lay- 
out for such a shop consists of a cen- 
tral aisle served by overhead travel- 
ing cranes and used for machine 
work or erecting, or both. Such ma- 
chines as are located in the central 
aisle are individually driven. At 
each side are one or more balconies. 
On the ground floor under the bal- 
conies and on the balconies are 
lighter machines doing work for 
which crane service is unnecessary. 
The majority of these machines are 
ordinarily group driven. 

On very heavy work, such as large 
engine bedplates, slow speed alter- 
nator field frames, and the like, it 
is often more convenient to move 
the machine tools to the work than 
it is to move the work. It is self- 
evident that such portable machines 
are best individually driven. 

Any machine which takes consid- 
erable power and operates at a fairly 
constant load not much below its 
maximum load should be considered 
for individual drive. Such a ma- 
chine should almost certainly be in- 
dividually driven if it requires 25 
hp. to 50 hp. or over, and many 
similar loads requiring less horse- 
power can be individually driven 
with economy if some special condi- 
tion such as exceptionally high speed 
will add to the consequent saving. 
Under the above classifications will 
come most large wood-planers, and 
most motor-driven air-compressors. 
Such machines can ordinarily be as- 
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Table I—Results of Tests That Indicate the Extent of Shaft and Belt Losses for Group Drives 


No. OF LINESHAFT TorAL LOAD 
Cou cry. fKrx:. „LossES IN LINE- | PER CENT 
TYPE OF AND OF SHAFT COUNTERSHAFT OF 
Work JACK- SPEED | LENGTH| SIZE Motor | AVE. Max. AND BELTS WITH AVERAGE 
SHAFTS IN IN IN LOAD ONE Licut Loap IN HP. LOAD 


RPM FEET | INCHES 
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sured a steady load approaching 
capacity by shutting down units. 
Belts cannot be operated at any 
desired speed. Beyond approxi- 
mately 6,000 ft. per minute the ten- 
dency of the belt to leave the pulley, 
due to centrifugal force, greatly re- 
duces the power which it transmits 
per unit of width. If the power to 
be transmitted is considerable, any 
attempt to offset this by reducing 
pulley diameters leads to undesir- 
able or impossible drives due to the 
increased belt width required. To 
a certain extent silent chains ex- 
tend the speed range, but they are 
by no means universally applicable. 
Some machines when most econ- 
omically designed run at so high a 
speed that operation from a group 
lineshaft is inconvenient or impos- 
sible. If they offer a fairly steady 
load approaching their maximum 
load they can be individually driven 
to advantage. If they do not offer 
such a steady load, but their horse- 
power requirements are consider- 
able, there is often no reasonable al- 
ternative but individual drive. 
Such drives include centrifugal 
pumps, especially those requiring 
more than 15 hp. or so, centrifugal 
compressors, centrifugal gas boost- 
ers and the like, which are usually 
designed for the highest practicable 
speed. In this class are also most 
fans, blowers, and exhausters of 
considerable size, although in some 
cases a blower or exhauster of mod- 
erate size can be grouped to advan- 
tage with the machine which it 
serves. 
A discussion of the reputed ad- 
vantages of individual drive will 
now be undertaken. 


Foundry mills........ 6 200 99 2.75 50 40 53 4.00 10 
Foundry mills........ 6 200 99 2.75 50 25 42.5 3.00 12 
Wood working. 5 300 40 | 2.75 50 45 80 7.35 16 
Cordage and twine... e 18 3. 375 40 e 3. 80 11 
Heavy grinding. 13 200 240 | 2.75 | 100 80 110 7.20 9 
Canvas making. 11 225 75 2.00 5 3 8 -0.212 7 
Canvas making. 11 225 59 2.00 7.5 e 0.562 11 
Press work.. 200 45 2.375 7.5 7 17 3.32 47 
Wood pattern shop... 11 200 50 2. 375 15 ISS xene 11.55 10 
Forge shop........... 14 200 267 2.375 100 100 130 12.50 13 


»The hanger bearings are not of the ball or roller type, but are self-oiled, babbitt-lined sleeves fitted with wicks and oil 
cellars. Practically none of the countershafts has ball or roller bearings. 
pulley variety. Special countershafts where necessary were generally purchased with the driven machines, and are of various 
types. The shafting is of ample size for the work. 


A. ELIMINATION OF OVERHEAD 
SHAFTING AND BELTING.—When it 
is desired to eliminate overhead 
shafting and belting, individual 
drive is the best solution. 

1. Elimination of Lineshaft Fric- 
tion Losses.—These losses have been 
stressed by many authors as one of 
the outstanding advantages of indi- 
vidual drive. The saving of power 


from this source is more fancied 


In certain industries, elimination of 
dust and dirt is an essential part of | 
operating conditions. 

Individual drive makes possible a. 
cleaner shop than does group drive. 
In such industries as the food or tex- 
tile, gains in this respect are worth 
considering and may even be a con- 
trolling element of choice. 


The majority are of the ordinary tight and loose- 


than real because various factors 
combine to reduce the average mo- 
tor efficiency of individual drives to 
an extent which frequently more 
than offsets the shafting and belt 
losses in the equivalent group drive. 

To give an idea of the ordinary 
magnitude of shaft and belt losses, 
I have tabulated results (shown in 
Table I) of a number of tests on 
representative group drives. This 
shafting is not “modern” by any 
means. The hanger bearings are 
not of the ball or roller type, but are 
babbitt-lined sleeves fitted with wick 
self-oilers and oil cellars. Of the 
countershafts practically none has 
ball or roller bearings. The major- 


—ſ 1w«—ñ——ñ „ 


February, 1924 


ity are of the ordinary tight- and 
loose-pulley variety. Special coun- 
tershafts where necessary were gen- 
erally purchased with the driven 
machines, and are of various types. 
The shafting is of very ample size 
for the work. In general, I believe 
that this practice reduces friction, 
where shafting is carefully aligned, 
through the reduction of deflection 
from belt stresses. 

Weighted for capacity of drive, 
the average losses in line-shafts, 
countershafts, and belts in group 
drives in this shop appears to be ap- 
proximately 1214 per cent. The ac- 
tual loss is probably nearer 16 per 
cent, for belt losses increase with 
load. For comparison with this we 
must approximate the difference in 
average motor efficiency between 
individual drive and group drive. 

The average motor efficiency of an 
individually-driven group of ma- 
chines is considerably lower than 
that of the same machines group 
driven because the average motor is 
much smaller, and smaller motors 
are less efficient. 

It is well known that the total 
horsepower of motors, necessary 
for individual drive is far greater 
than that required for an equivalent 
group drive. An individually-driven 
machine must be driven by a motor 
capable of doing the heaviest job 
which will ever be done on the ma- 
chine. The machine is seldom oper- 


ated at this maximum, and the ma- 
chines in the group are never called 
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upon for maximum output simul- 
taneously. A group drive requires 
a motor large enough to carry the 
heaviest average continuous load on 
the group. For example, in wood 
working, an individually driven 
matcher must be motored for very 
heavy reduction with dull knives on 
poorly seasoned hardwood, for such 
a job will sometimes occur. But it 
is most unlikely that in a group of 
wood-working machines, many will 
ever be working simultaneously at 
such jobs. In fact with many group 
drives it can be safely assumed that 
some machines will be down for set- 
ting up a new job, sharpening tools, 
inserting stock, checking dimen- 
sions and the like. The short-time 
overload capacity of the motor will 
bridge over periods when this is not 
true. 

The ratio of installed motor capa- 
city for individual drive to that for 
group drive of the same machines, 
varies for different sorts of driven 
machines from five to two. Five is 
common where the manufacturers’ 
recommendations as to motor sizes 
are accepted without study and two 
is exceedingly uncommon. For ex- 
ample, in several cases detailed in- 
formation as to the work to be done 


Portable machine tools, such as the 
one shown, must of necessity be 
individually driven. 

On heavy work, such as large bed- 
plates, alternator field frames and 
the like, it is often more convenient 
to move the machine tools to the 
work than it is to move the work. 
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was furnished to the principal 
American manufacturer of heavy 
machinery in his line. The work is. 
such that a large part of the time is 
required for getting work in and 
out of the machine which he recog- 
nized, as evidenced by his estimates 
of daily production. The machines 
are built with a heavy flywheel to 
bridge the instantaneous peaks of 
power demand, but the manufactur- 
er’s recommendations as to motor 
rating for the job proved on subse- 
quent tests to equal the maximum 
instantaneous load on the motor last- 
ing less than 3 per cent of the time. 
Four of these machines have been 
running for several years, individ- 
ually driven by motors of 20 per 
cent of the recommended capacity. 
without any repairs. The motors 
run cool and could well be smaller 
still. 

Probably as good an average as 
any, for existing installations in the 
metal machinery industries, is that 
given in “Machinery’s Encyclope- 
dia,” Vol. 4, page 441, as follows: 
“Actual experience has shown that 
for group driving an ordinary ma- 
chine shop, a motor of one-fourth to 
one-fifth the total horsepower of the 
motors required for the individual 
machines is sufficient.” 

The writer’s experience is, that 
for many routine manufacturing ap- 
plications, not jobbing nor manufac- 
turing which approaches jobbing in 
its variety, this can by very careful 
engineering be made one-third. 

Thus we may assume for compar- 
ison, on the average, motors in indi- 
vidually-driven groups where the 
engineering has been exceptionally 
good, will average 30 per cent full 
load. In a group-drive plant where 
equivalent engineering skill has been 
applied to the choice of motor sizes, 
group-drive motors will usually be 
of normal or 40 deg. rating. They 
will be so chosen that at periods of 
maximum load on the group, they 
are overloaded 25 per cent or more, 
according to the capabilities of the 
individual styles and sizes, and the 
time of year when the maximum 
load is likely to occur. The average 
all-year load on such a group-drive 
motor in a plant having some varia- 
tion in business may be assumed to 
be between 75 per cent and 100 per 
cent full load, say 87 per cent. This 
amounts to 70 per cent of the maxi- 
mum load during the busy season. 

Motors for individual drives must 
in general be slower in speed than 
motors of corresponding capacity 
used in group drives. Slow-speed 
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Table II— Typical Performance of Sixty-Cycle 
Alternating-Current Motors 

OPERATING CHARACTERISTICS OF MOTORS 
MOTOR 
RATING IN SPEED IN 
Hp. RPM. 87% oF LOAD 30% o Loap 
POWER EFFICIENCY POWER EFFICIENCY 
FACTOR IN IN FACTOR IN IN 
PER CENT PER CENT PER Cent | PER CENT 
1 600 52.5 72 24 52.5 
1800 71 4 29 72 
5 600 68 83 35 70 
1800 86 86 57 79 
25 600 80 89 67 83 
1800 89 90.5 47 83 
100 514 82 91 54 83 
° 720 87 91 60 84 


The extremes of speeds shown in the above comparative tabulation are 
chosen to emphasize the comparison. It is realized that average speeds of group 
drive and individual drive motors are ordinarily somewhat less unlike. 


motors lend themselves better to ef- 
ficient and reliable gear drives, and 
even when a motor is connected to 
an individually-driven machine by a 
belt, the belt is likely to be vertical, 
the centers short, and the maximum 
possible size of driven pulley limited, 
so that conditions are unfavorable 
for a high-speed motor. The effi- 
ciency of slow-speed motors is gen- 
erally less than that of high-speed 
motors of the same capacity. 

In Table II is given a condensed 
outline of performance which is 
characteristic of modern 60-cycle al- 
ternating-current motors. The rela- 
tive speeds in the table are in more 
extreme contrast than in average 
practice. In practice 60-cycle alter- 
nating- current, constant-speed mo- 
tors used on group drives have an 
average efficiency (weighted for size 
of motor) of approximately 86 per 
cent and the average efficiency of 
similar motors as used in individual 
drive is 75 per cent. Actually this 
latter figure is high for most large 
plants due to the fact that the aver- 
age motor in a large plant where 
good engineering has been used in 
the electrical design, operates above 
rated voltage. The starting torque 


A hammer drive such as the one 
shown does not readily lend itself 
to group drive. 

This is because the motor is required 
to slow down when the load peak 
occurs and thus permit the flywheel 
to supply the peak load. The result 
is a more even power demand and 
permits using a smaller motor than 
would otherwise be required. The 
intermittent operation of the indi- 
vidual units is another argument for 
individual drive. 


of squirrel-cage, induction motors 
(which are very generally used in 
such plants) as ordinarily designed, 
is as low as is practicable. In fact 
during the last ten years in an ef- 
fort to obtain higher efficiency, the 
tendency has been to reduce the 
starting torque so much that the 
motors are unsuitable for many 
drives; hence motors with special 
high-resistance rotors are neces- 
sary. If one wishes to “stick to 
standard” motors to keep down the 
necessary stock of spares, it is nec- 
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essary, on some drives, to reverse 
the connections of the starting com- 
pensator, so that the motor starts 
on a voltage higher than full line 
voltage. The starting torque of an 
induction motor varies as the square 
of the voltage; therefore the voltage 
must be at least maintained at rat- 
ing on all motors, and as a conse- 
quence, in a large plant the motors 
near the power houses or substa- 
tions are operated at say 10 per cent 
over-voltage. The average motor 
may therefore be said to operate at 
5 per cent over-voltage. This 5 per 
cent over- voltage has a negligible 
effect on the efficiency of the group- 
drive motors operating near full 
load, for the effect on the two prin- 
cipal losses, the losses in the copper 
and iron, approximately offset each 
other, but for the individual-drive 
motor operating on the average at 
only 30 per cent load, the efficiency 
is lowered about 1 per cent for our 
hypothetical average motor. 

Hence we see that for constant- 
speed, alternating-current motors the 
loss in motor efficiency of individual 
over group drive is in the order of 
12 per cent and just about offsets 
the additional lineshaft, belt and 
countershaft losses of group drive. 
The efficiencies of direct-current 
motors at fractional loads are de- 
cidedly lower than the efficiencies 
of corresponding alternating-current 
motors. Thus, constant-speed direct- 
current (Continued on page 106) 
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IN ALL industrial works changes 
and refinements in layout of 
equipment and methods of op- 
eration that will increase output 
or reduce production costs are 
continuous steps in a never-end- 
. ing evolution of better methods. 

In this work definite trends show 
up that embody the experience 
of various plants or the develop- 
ments of manufacturers working 
toward the same ends as the men 
responsible for better plant op- 
eration. In this article a sum- 
mary is presented of these trends 
in the use of mechanical equip- 
ment associated with power serv- 
ice throughout the various de- 
partments of an industrial works. 
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Trends and Practice 
In the Use of 


Mechanical Devices in the 


Path of Power Service 


Throughout Industrial Works Together With Details 
of Recent Developments by Those Companies Which 
Are Making This Class of Equipment 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer 


application of power service 

equipment, distinct trends and 
tendencies which are of interest to 
those who are responsible for the op- 
eration and maintenance of such 
equipment have been manifested 
during recent years. These trends, 
in many cases, have created new de- 
vices or improvements on existing 
equipment, designed to give in- 
creased operating efficiency, greater 
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reliability of operation and a reduc- 
tion in maintenance costs. Some of 
these tendencies, together with de- 
velopments typical of improved prac- 
tice in the use of power service 
equipment will be discussed in this 
article. 

Starting with the motor, as the 
source of power, present practice 
tends to the use of higher motor 
speeds than were formerly used. 
This is largely due to the fact that 
a high-speed motor is, in general, 
smaller and cheaper in first cost than 
a low-speed motor of the same horse- 
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power rating. Also the introduction 
of higher working speeds in produc- 
tion machines themselves has grad- 
ually resulted in a general increase 
in driving speeds, with consequent 
increase of production per unit. 

Along with increased motor and 
machine speeds have come higher 
line and countershaft speeds. Where- 
as the practice formerly was to keep 
lineshaft speeds down to somewhere 
around 100 to 150 r.p.m., which nat- 
urally involved the use of large pul- 
leys on the lineshaft, the tendency 
now is to run the lineshaft from 225 
r. p. m. to 300 r. p. m. and use smaller 
pulleys. In this way the necessity 
of getting a large reduction in speed 
between motor and lineshaft and 
then securing a large increase in 
speed between the lineshaft and the 
production unit is avoided. 

Higher line- and countershaft 
speed means, however, increased 
friction and wear of bearings. To 
offset these disadvantages increas- 
ing use is being made of antifriction, 
ball or roller, bearings. The in- 
creased application of these types of 
bearings is not, of course, confined 
to lineshafts, but embraces a wide 
variety of equipment. 
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Bearings and Bearing Metals 


As examples of the new designs of 
antifriction bearings which have 
been brought out recently, mention 
may be made of the spherical type 


roller bearing developed by SKF In- 


dustries, Inc., and a disk-roller bear- 
ing put out by the Whitney Disk- 
Roller Bearing Company. 


The new SKF bearing, which fol- 


lows closely the design of the self- 
aligning ball bearings made by this 
company, contains two rows of roll- 
ers, each of which has convex sides 
so that its periphery is curved in two 
planes. The outer race is ground 
spherical over its inner surface so 
that it can be slipped over the rollers. 
The inner race has two concave sur- 
faces in which the rollers fit and 
make contact for their full length. 
Between these surfaces is a guiding 
flange. The shapes of the parts and 
the action of the forces cause the 
inner ends of the rollers to bear 
against the flange, which maintains 


them with their axes parallel to that 
of the shaft. The bearing is self- 
contained and self-aligning and has, 
it is claimed, the ability to carry a 
thrust load of considerable magni- 
tude. 

The application of this bearing to 
railway motors, railway journal 


New developments in mechanical 
equipment of interest to industrial 
engineers. 


(A) Lemley friction-clutch, ball-bear- 
ing pulley manufactured by W. A. 
Jones Foundry and Machine Co., Chi- 
cago, III. (B) Francke high-speed- 
type flexible coupling, Smith & Ser- 
rell, Newark, N. J. (C) Whitney disk- 
roller bearing made by Whitney Disk- 
Roller Bearing Co., Chicago, Ill. (D 
Higgins flexible coupling made by the 
Tomkins-Johnson Co., Jackson, Mich. 
(E) Falk-Bibby flexible coupling man- 
ufactured by The Falk Corporation, 
Milwaukee, Wis. (F) Francke frac- 
tional-horsepower flexible coupling de- 
veloped by Smith and Serrell, Newark, 
N. J. (G) Underwriters’ single-stage 
fire pump, made by Allis Chalmers 
Manufacturing Co., Milwaukee, Wis. 
(H) Lemley friction clutch manufac- 
tured by W. A. Jones Foundry and 
Machine Co., Chicago, Ill. (1) Skayef 


roller bearing made by SKF Industries, 
Inc., 


New York, N. Y. 


Wear. 
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boxes, paper machines, hoisting ma- 
chinery, rolling mills, rolls and fly- 
wheels, flour mills, flaking mills, steel 
mill motors, electric railway motor- 
generators, log frame saws, rotary 
furnaces, tube mills, and a number 
of miscellaneous applications, has 
proved that it is well adapted to the 
requirements of heavy-duty service. 

The Whitney disk-roller bearing is 
a two-point contact bearing and con- 
sists of a cage containing disk- 
shaped rollers which are laterally 
guided and supported between ad- 
justable bearing members, a cup and 
a cone which have conical faces of 
equal angle. One of the features of 
this bearing is the provision for con- 
stant, automatic adjustment for 
This is accomplished by 
means of an especially designed 
spring which constitutes a laterally- 
expanding sleeve or bushing within 
the bore of the cone, serving to keep 
all of the rollers in contact with the 
races at all times. These bearings 
are made in light- and heavy-duty 
types, and for withstanding both ra- 
dial and thrust loads. 
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The various types of ball and roller 
bearings, with details of their instal- 
lation on lineshafts and in motors, 
were described in the September, 
1922, issue of INDUSTRIAL ENGINEER. 
Further information on the use of 
ball and roller bearings in motors 
will be found in the report of the 
special bearing committee of the 
Association of Iron and Steel Elec- 
trical Engineers given at the Buffalo 
convention of the association, which 
was reported in the October, 1923, 
issue of INDUSTRIAL ENGINEER. 

The following companies have been 
prominently identified with the de- 
velopment of ball, roller.and similar 
type bearings: 


American Roller Bearing Co., Pittsburgh, 
3 Auburn Ball Bearing Co., Rochester, 
N. T.; Bower Roller Bearing Co., Detroit, 
Mich.; Chi Ping and E shafting Co., 
Fa 


Chicago, III.; nir Bearing Co., New Brit- 
ain, wea Hyatt Roller Bearing Co., Harri- 
son, : Nice Ball Bearing Co., Philadel- 

hia, Pa. A.; Norma Company of America, 


ng Island City, N. Y.; Schatz Manufac- 
turing Co., Poughkeepsie, N. Y.; SKF Indus- 
tries, Inc., New York, N. Y.; The Ball and 
Roller Bearing Co., ‘Danbury, Conn.: The 
New Departure Manufacturing Co., Bristol, 
Conn.; United States Ball Bearing Manu- 
facturing Co., Chicago, III. 


A roller-bearing countershaft box 
has been developed by the St. Louis 
(Mo.) Machine Tool Co. for use with 
its products. The box is fitted with 
an adjustable taper roller bearing, 
and has suitable sockets so that it 
will fit in standard hangers. The 
back of the box is solid, while the 
front has the usual style of end plate. 

Considerable attention has also 
been paid to the development and 
production of better bearing metals 
for plain bearings. Among the new 
bearing metals may be mentioned 
Stewart Brons, made by the Stewart 
Manufacturing Corporation, Chicago, 
Ill. This is a copper-lead alloy the 
components of which will not, it is 
claimed, segregate on repeated melt- 
ing and cooling. On failure of lubri- 
cation it is said that this metal 
sweats a small amount of lead when 
it reaches a temperature of 600 deg. 
F., and thus becomes self-lubricat- 
ing. The melting point of the metal 
is 1,700 deg. F. 

The American Metal Products Co., 
Milwaukee, Wis., has also recently 
produced what is known as Ampco 
bronze. This bronze is made in sev- 
eral grades of hardness and is in- 
tended for use in the manufacture of 
bearings, gears, worms, and so on. 

Agrilite bearing metal, manufac- 
tured by the American Injector Co., 
Detroit, Mich., is another recent de- 
velopment. This is a bronze consist- 
ing of copper, tin and lead, with the 
lead content high enough to produce 
the self-lubricating property. 
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Belting and Pulleys 


In line with the general increase 
in lineshaft and pulley speeds, belt 
speeds have likewise been increased 
somewhat. There is, also, a growing 
tendency on the part of belt users 
to devote more attention to reclaim- 
ing and rebuilding old belting. In 
this way the useful life of a belt can 
be considerably extended. Several 
firms are specializing in this work. 

During the past five years or so 
a large amount of testing and re- 
search work on leather belting has 
been carried on by the Government 
and by the leather belting manufac- 
turers, and much very valuable in- 
formation has been obtained. Appli- 
cation of this information during 
the past year to the process of manu- 
facture has brought about scientific 
control and a number of improve- 
ments in tanning and in some of the 
other operations involved. This has 
resulted in the production of belting 
which, it is claimed, is at least 25 per 
cent better than that which it has 


A clutch saves power on this ele- 
vator drive by cutting out idle 
shafts and pulleys. -~ 
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been possible to produce heretofore. 
The selection, application and 
maintenance of belts, together with 
a description of the various types in 
industrial use, were discussed in the 
March, April, May and June, 1923, 
issues of INDUSTRIAL ENGINEER. The. 
following companies have contrib- 
uted much to the development and 
improvement of leather belting: 


Acorn Leather & Belting Co., Detroit, 
Mich.; The Leather Belting Exchange, 119 
S. Fourth St., Philadelphia, Pa.: The Chesa- 
peake Belting Co., Baltimore, Md. ; Chicago 
Belting Co., Chicago, III.; Detroit Oak Belt- 
ing Co., Detroit, Mich. ; The Graton & 
Knight Mfg. Co., Worcester, Mass.; Hide 
Leather & Belting Co., Indianapolis, Ind. ; 
Jewell Belting Co., Hartford, Conn. ; Lau- 
rence Belting Co., New York, N. Y.; Leather 
Kraft Co., Cleveland, Ohio; The Monarch 
Belting Co., Cleveland, Ohio; F. 
Co., Grand Rapids, p ae J. E. 
Sons, Wilmington, Del. W. H. Salisbury & 
Co., Chicago, III.; Chas. A. Schieren Co., 
New York, N. Y.; aes Taylor Belting Co., 
Indianapolis, Ind.; I. B. Williams & Sons, 
Dover, N. H. f 


The American Pulley Co., Phila- 
delphia, Pa., has brought out a new 
design of steel split pulley. This pul- 
ley has six arms which are braced 
and set edge on. The rim is made 
like a channel iron, with central 
flanges and safety beaded rims; the 
arms are riveted to these central 


— 


Above, this steel hanger is manu- 
factured by the American Pulley 


Co., Philadelphia, Pa. Below, new 
design of steel hanger made by 
Dodge Manufacturing Corporation, 
Mishawaka, Ind. 


flanges. The all-steel parting hub is 
clamped to the shaft with bolts. 

A roller-bearing loose pulley, man- 
ufactured by the St. Louis Machine 
Tool Co., St. Louis, Mo., has recently 
been placed on the market. This pul- 
ley is equipped with a pair of adjust- 
able, taper roller bearings and is 
made in any size from 2% in. to 22 
in. in diameter. In the small sizes 
the bearings are mounted directly un 
the shaft; in the larger sizes the 
bearings are mounted in a sleeve. . 

A pulley covering for reducing 
belt slippage has been brought out 
by the Monarch Belting Co., Cleve- 
land, Ohio. This covering consists 
of treated duck which is cemented to 
the face of the pulley with a special 
cement. The covering is laid on in 
a single thickness, with a closely-fit- 
ting butt joint at the junction of the 
ends. It is claimed that it is unnec- 
essary to use non-slip preparations 
on belts which run over pulleys faced 
with this fabric covering. 

A description of the different types 
of pulleys, together with directions 
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for ordering and installing them, was 
given in the November and Decem- 
ber, 1922, issues of INDUSTRIAL 
ENGINEER. 

Improvements in the design and 
manufacture of pulleys have been 
largely due to the work of these com- 
panies: 


American Pulley Co., Philadelphia, Pa.; 
Birkle Machine Co., Chicago, Li: W. B. 
emai Co., Louisville * Shicago Pul- 
ley & Shaft ing Co., Chicag III.: Cork In- 
sert Co., Boston, Mass. ; Dedre Manufactur- 
ing Corporation, Mishawaka, . 
Jones Foundry & Machine Co., Chicago, 5 
Ohio Valley Pulley Works, Maysville, Ky. ; 
Pyott Foundry Co., Chicago, III.; Reeves 
Pulley Columbus, Ind., and ‘Saginaw 
Manufacturing Co., Saginaw, Mich. 


The American Pulley Co., Philadel- 
phia, Pa., has also developed a new 
pressed steel hanger. The main 
frame is constructed of two stamp- 
ings placed face to face with in- 
turned flanges extending the entire 
length of the leg. The cross brace 
is integral with the legs. The feet 
are made of cold-drawn, seamless 
metal and are riveted to the legs. The 
hanger is of the parting type, with 
a swing yoke which greatly facili- 
tates the work of putting up or tak- 
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ing down shafting, or installing or 
removing bearings. 

Dodge Manufacturing Corpora- 
tion, Mishawaka, Ind., have recently 
made several important changes in 
the design and construction of their 
steel hanger. For example: A mal- 
leable-iron foot of ample proportions 
is now used and provides a broad, 
solid bearing. This casting projects 
downward a considerable distance 
on the frame, which adds a great 
deal to the rigidity of the hanger, 
and is securely riveted to the 
frame, which is of box construc- 
tion welded and riveted to- 
gether. Formerly the ring oiling 
bearing was the only type that could 
be furnished with this hanger. How- 
ever, it is now possible to use the 
same type as formerly employed only 
rings for either ring or capillary 
oilers. This has been accomplished 
by a change in construction that 
permits the insertion of either rings 
or capillary blocks. The four-point 
adjustable feature provides for an 
ample range of adjustment. 


Chain 


Drives 


Silent chain drives have found a 
definite place in power transmission 
work, and in many cases this type 
of drive offers decided advantages. 
For example, silent chains are being 
widely used for individual drives for 
machines, particularly when the dis- 
tance between driving and driven 
shafts is short. Chain drive is also 
being used between lineshafts or be- 
tween lineshafts and countershafts 
when these are on short centers. 
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The Ramsey Chain Co., Inc., Al- 
bany, N. Y., has recently placed on 
the market a new design of silent 
chain, the chief feature of which is 
the compensating joint. There are 
two pins in each joint and the profile 
of the pins is such as to allow them 


Chain drives are widely used where 
the distance between driving and 
driven shafts is short. Here a 
3 motor is driving a large 
an. 
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to move toward each other, as the 
chain meshes with the sprocket, thus 
decreasing the effective pin diameter 
and increasing the pitch of the link 
to compensate for the accelerative 
impulse. This chain may, it is 
claimed, be run in either direction 
with equal facility and efficiency. A 
description of the various types of 
chains, with considerations govern- 
ing their selection, application and 
care was given in the July, August 
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and September, 1923, issues of IN- 
DUSTRIAL ENGINEER. 

Companies which have been re- 
sponsible for present developments 
in chain drives are: 


American High Speed Chain Co., Indian- 
apolis, Ind.; The Baldwin Chain & Manu- 
facturing Co., Worcester, Mass.; Cullman 
Wheel Company, Chicago, III.; Diamond 
Chain & Manufacturing Co., Indianapolis, 
Ind.; Duckworth Chain & Manufacturing 
Co., Springfield, Mass.; The Jeffrey Manu- 
facturing Co., Columbus, Ohio; Link-Belt 
Co., Chicago, III.: Morse Chain Co., Ithaca, 

. Y.; The Whitney Manufacturing Co., 
Hartford, Conn. 


Clutches, Couplings and 
Speed Reducers 


In new installations of power serv- 
ice equipment there is a growing 
tendency to use friction clutches 
more extensively than was formerly 
the case. Thése devices have been 
much improved during the past few 
years and this improvement has 
doubtless been an important factor 
in promoting their use. Realization 
by industrial engineers that a good 
deal of power can be wasted by run- 
ning line- and countershafting idle 
has also contributed to a wider use 
of clutches and they are now being 
extensively used for disconnecting 
idle shafting and machines. In some 
new installations machines which do 
not have to be reversed or require 
changes in speed are being driven 
directly from the lineshaft by means 
of a friction clutch pulley. By this 


On direct drives a flexible coupling 
performs the important service of 
absorbing shocks, as well as trans- 
mitting power. The illustration 
shows the Higgins flexible coup- 
ling, manufactured by the Tom- 
kins-Johnson Co., Jackson, Mich. 
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arrangement countershafts and belts 
are eliminated at a saving in power 
and maintenance charges as well as 
in first cost, with increased safety to 
the operator. Some machine tool 


manufacturers are now using a 
clutch on the driving pulley of their 
machines and eliminating the loose 
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Among the new developments in 
this line of equipment is a multiple 
friction disk countershaft which is 
being marketed by the Warner & 
Swasey Co., Cleveland, Ohio. This 
countershaft is equipped with 
clutches having multiple friction 
disks, similar to the clutches em- 
ployed in automobile construction. 
Hardened steel plates are employed 
in the clutch members. 

The W. A. Jones Foundry and Ma- 
chine Co., Chicago, Ill., has placed on 
the market the Lemley friction 
clutches and friction clutch pulleys. 
This clutch is of the well-known disk 
type. The friction disks are full 
floating loose fiber or burn-proof as- 
bestos rings. One ring-nut adjusts 
all of the toggles, so that uniform 
pressure all around on the friction 
surface is assured. 

When applied to pulleys the gen- 
eral design of the clutch is the same 
as for sleeve and coupling clutches, 
with the exception that provision is 
made for bolting the clutch to the 
pulley arms. 


Belt, chain and rope drives operate 
side by side in this cement mill. 


For a discussion of the various 


types of friction clutches and friction 


clutch pulleys, the reader should con- 
sult the article, Construction Details 
and Use of Clutches and Cutoff 
Couplings, in the January, 1924, is- 
sue of INDUSTRIAL ENGINEER. 
Companies which have been active 
in the development of friction 
clutches are included below with 


those which have contributed to the 


development of couplings. 
When the disadvantages connected 


with the old-time group drive, where- 


in all of the machine equipment was 
driven through lineshafting by one 
prime mover, were realized and indi- 
vidual drive was proposed, it was 
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hailed as a sort of cure-all for all 
operating troubles. The pendulum 
of opinion and practice then swung 
from one extreme to the other. 
Many engineers adopted the view 
that in place of driving all of the 
machines in a plant by one or two 
engines or motors, each machine 
should, whenever possible, have its 
own individual motor. Countless in- 
stallations have been laid out on this 
basis. 

More recently there has been a 
wider recognition of the fact that 
individual drive is not altogether 
free from undesirable features. The 
merits and disadvantages of individ- 
ual drive and group drive will be 
thoroughly discussed in INDUSTRIAL 
ENGINEER in a series of articles, the 
first of which appears on page 56 
of this issue. 

The tendency in recent installa- 
tions has been to drive small groups 
of machines, preferably those which 
are turning out a similar product 
and can be operated as a unit, such 
as punch presses, automatic screw 
machines, and so on, from a single 
motor. If the individual machines 
are driven directly from the line- 
shaft through friction clutches or 
clutch pulleys, there can be obtained 
a drive which has most, if not all, 
of the advantages of individual drive, 
with few of its disadvantages. 

When individual drive is used it 
is generally necessary to employ 
some form of flexible connection be- 
tween the motor shaft and the shaft 
of the machine, in order to avoid 
shocks to and possible breakage of 
some of the moving parts. With the 
applications of direct drive to various 
kinds of machines, flexible couplings 
find an extensive field of usefulness. 
Several improved designs of flexible 
couplings have recently been placed 
on the market and deserve mention. 

The Falk-Bibby coupling, manu- 
factured by The Falk Corporation, 
Milwaukee, Wis., transmits power 
between two flanges by means of 
especially-constructed grid springs 
of tempered steel. True flexibility is 
obtained from the elastic properties 
of these springs, and the coupling is 
said to be capable of withstanding 
an unusual degree of parallel and 
angular misalignment of the shafts. 
The special feature of this coupling 
is, however, its torsional resiliency 
and consequent shock-absorbing 
properties obtained from the action 
of the springs, which engage with 
specially constructed grooves around 
the periphery of the flanges. These 
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grooves fit the springs at the ends 
farthest apart, but flare towards 


each other. 


The working parts of the coupling 
are enclosed in a floating shell which 
is packed with lubricant. The shafts 
can be aligned easily and can be dis- 
connected in a few moments by sim- 
ply releasing the shell and removing 
the springs around the periphery of 
the flanges. 

Smith & Serrell, Newark, N. J., 
have developed and placed on the 
market a new fractional horsepower 
(M hp. to 1 hp.) flexible coupling. 
This is a three-part, all-metal coup- 
ling, consisting of two similar 
flanges and a laminated spring cross. 


Mill-type speed reducer developed 
4 png Palmer-Bee Co., Detroit, 
ich. 


This spring cross fits into and con- 
nects the projecting parts of the 
flanges, so that the driving is done 
silently through the springs. This 
coupling is flexible in all directions, 
as well as extensible endwise. 

This company has also recently 
put out a high-speed type of flexible 
coupling for turbine drives. This 
coupling consists of two similar 
forged steel flanges which are at- 
tached to the shaft ends in the usual 
manner. Between these flanges, and 
bolted to them, is the flexible mem- 
ber®which carries on its periphery a 
number of projecting bundles of 
laminated steel springs. These 
spring bundles fit into movable slot- 
ted bushings or keepers in the outer 
member of the coupling. These keep- 
ers can rotate as well as slide end- 
wise in this outer member and inas- 
much as the bundle of springs can 
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slide up or down in the keepers, flex- 
ibility of the coupling in all direc- 
tions is obtained. 

Charles H. Clark, New York, N. Y., 
has recently developed a flexible 
coupling which is claimed to combine 
strength, durability, flexibility and 
adaptability to a wide range of work. 
The hubs are finished all over and 
each has a triangular-shaped face 
which forms three projections or 
teeth. These teeth fit into and are 
enclosed by a housing made in three 
pieces, which serves to transmit the 
power from one hub to the other. 
The joints between the separate por- 
tions of the housing are secured by 
bolts fitted with locknuts and carry- 
ing leather washers at each end, to 
give flexibility. Further flexibility 
may be secured by inserting in each 
housing a piece of steel-faced auto- 
mobile brake linie to cover the 
acting portion of the tooth. 

The Tomkins-Johnson Co., Jack- 
son, Mich., is also putting on the 
market a new flexible coupling, the 
Higgins. This consists of two flanged 
members, one of which is fastened 
to each shaft, and a third member 
which transmits the power between 
the other two members. Lugs on the 
shaft members fit.into slots in the 
middle member in such a way that 
both angular and axial misalignment 
of the shafts is permissible. 

Descriptions of the various types 
of rigid and flexible couplings, with 
pointers on their selection and appli- 
cation, have been given in the Octo- 
ber, November, and December, 1928, 
issues of INDUSTRIAL ENGINEER. 

The following companies have been 
largely responsible for the develop- 
ment of friction clutches and rigid 


and flexible couplings: 


Ajax Flexible Coupling Co., 
N. Y.; Allis-Chalmers Mfg. Co., Milwaukee, 
Wis.; The Bartlett Hayward Co., Baltimore, 
Md.; Charles Bond Co., Philadelphia, Pa.: 
Bond Foundry & Machine Co., Manheim, 
Pa.; Brown Engineering Co., Reading, Pa.: 
The Carlyle Johnson Machine Co., Manches- 
ter, Conn.; Chicago Pulley & Shafting Co., 
Chicago, III.; Conway & Co., Cincinnati, 
Ohio; The Cutler-Hammer Mfg. Co., Mil- 
waukee, Wis.; L H. Dexter Co., Goshen, 

; Dodge Manufacturing Corp., Misha- 
9 Ind. Falls Clutch & Machinery Co., 
Cuyahoga Falls, Ohio; The Falk Corpora- 
tion, Milwaukee, Wis. ; "General Electric Co., 
Schenectady, N. Y.; The Hanson Clutch 
Machinery Co., Tiffin, Ohio; The Hill Clutch 
Co., Cleveland, Ohio; The Hilliard Clutch & 
Machinery Co., Elmira, N. Y.; . A. Jones 
Foundry & Machine Co., Chicago, III.; The 
Medart Co., St. Louis, Mo.: : Mesta Machine 
Co., West ‘Homestead, Pa.; The Moore & 
White 8985 Philadelphia, Pa.; The oes 
Slip Clutch Co., Noblesville, Ind.; D. 
Nuttall Co., Pitt tsburgh, Pa.: The buy & 
Jones Co., Wilmington, Del. ; Reeves Pulley 
Co., Columbus, Ind. ; 1 Roots 
Co., Connersville, Ind.; Schultz & Son, 
Chicago. III.: Smith 4 See Newark, 
N. J.; Thomas Flexible Coupling Co., War- 
ren, Pa.: Weller Mfg. Co., Chicago, III. 
Western ‘Engineering & Mfg. Co., Chicago. 
III.: The Williams Foundry & Machine Co., 
Akron, Ohio; T. B. Wood’s Sons Co., Cham- 
bersburg, Pa. 


Westfield, 
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In many instances the speed at 
which the shaft of a machine should 
be driven is below a practicable mo- 
tor speed. If it is desired to use 
direct drive, recourse must be had 
to some form of speed-reducing or 
variable - speed transmission device. 
New developments in speed-reducing 
devices include the Palmerbee mill 
type reducer, which has been put on 
the market by the Palmer-Bee Co., 
Detroit, Mich. This reducer is in- 
tended for use with conveying ma- 
chinery, steel mill machinery, heavy 
shears, presses, and so on. Speed re- 
duction is obtained through a train 
of spur gears, compounded to obtain 
the desired speed, and enclosed in a 
cast-iron housing. Wide face, coarse 
pitch gears are used, giving maxi- 
mum strength and all shafts are sup- 
ported by a bearing at each end. 

An unusual design of variable- 
speed transmission has recently been 
developed by The Oilgear Co., Mil- 
waukee, Wis. This consists essen- 
tially of a variable displacement 
pump which delivers oil to a con- 
stant displacement motor. When the 
stroke of the pump is set at a maxi- 
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Small speed-reducing unit made by 
Winfield H. Smith, Buffalo, N. Y. 


mum it delivers a fixed quantity of 
oil to the motor and forces the latter 
to rotate at a speed equal to that of 
the pump. As the stroke of the pump 
is reduced the amount of oil pumped 
is decreased and the motor will ro- 
tate more slowly. Any desired speed 
of the motor shaft from zero to the 
full speed of its pump shaft may 
thus be obtained, merely by changing 
the stroke of the pump. Change of 
speed, as well as change of direction 
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of rotation, is made by manipulating 
a control wheel. This variable speed 
transmission is provided with an au- 
tomatic overload gear, which pro- 
tects both it and the driven machine 
from damage due to overloads. 

A speed-reduction gear in which 
the shafts are kept in line and which 
uses no toothed gears for ordinary 
speed ratios has recently been placed 
on the market by George Smith Mori- 
son, Pittsburgh, Pa. This gear has 
been built to give a reduction as high 
as 90,000 to 1 and can be made to 
give any ratio desired. In its sim- 
plest form this reduction gear con- 
sists of a high-speed shaft on which 
are mounted three or four plain 
cylindrical rollers, two of which are 
mounted in plates or disks which are 
in turn integral with the slow-speed 
shaft. Surrounding and enclosing 
the roller is a circular ring, which 1s 
in contact with the rollers on its 
inner face. When three rollers are 
used one is made larger than the 
others. This gives the ring an ec- 
centric motion. ; 

The central driving shaft is in 
contact with the rollers and when it 
rotates it causes them to roll around 
with it in the same direction and 
turn the slow-speed or driven shaft. 
For larger ratios of reduction than 
can be had with rollers alone a com- 
bination of the eccentric roller prin- 
ciple with epicyclic teeth gears is 
used. The outside face of the ring 
is turned to two diameters, with 
teeth cut in each face. The teeth of 
one of the faces of the ring is 
meshed into the teeth cut on the in- 
side face of another ring surround- 
ing it and fixed rigidly in the body 
of the casing. 

Winfield H. Smith, Buffalo, N. Y., 
has recently placed on the market 
several new sizes of worm-gear speed 
reducing units. These units are ca- 
pable of transmitting up to 3 hp. 
Some of the features of design are 
thrust ball bearings, large babbitt 
radial bearings on high-speed shaft, 
and stuffing boxes to prevent leak- 
age of oil. 

The calculation of gear trains, 
with a description of the different 
types of speed reducers on the mar- 
ket and their application, was given 
in the February and March, 1923, 
issues of INDUSTRIAL ENGINEER. ` 
a ͤ——ů—ůͤj—é 

Speed control of this lathe for 

turning elevator shafts and drums 

is obtained by the use of the Oil- 
gear variable-speed hydraulic 
power transmission, manufactured 

by The Oilgear Company, Mil- 

waukee, Wis. 
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The following companies have con- 
tributed to the development of gears 
and speed-reducing devices: 


Boston Gear Works, Norfolk Downs, 
Mass.; The Chicago Rawhide Mfg. Co., Chi- 


cago, III.; Christiana Machine Co., Christi- 
ana, Pa.; The Cleveland Worm Gear Co., 
Cleveland, O. The Falk Corporation, Mil- 


waukee, Wis.; Parrel, Foundry & Machine 
Co., Buffalo, 'N. Y Y.; Fawcus Machine Co., 
Pittsburgh, Pa. : Foote Bros. Gear and Ma- 
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chine Co., Chicago, III.; William Ganschow 

Co., Chicago, ae : General Electric Co., Sche- 
; Tna Horsburgh & Scott Co., 

. James Manufacturin 


Machine Co., 
Gear Corporation, ; 
Process Gear Corporation, Syracuse, N. 
Nea Bement ona Company, New York. 
N. R. D. Nuttall Co., Pittsburgh, Pa.; 
Philadelphia Gear Works, Philadelphia, Pa.; 
The Poole Engineering and Machine Co., 
Baltimore, Md.; Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, Pa. 


Miscellaneous New Developments 


Smith & Serrell, Newark, N. J., 
have recently put on the market the 
Keytite self-fitting key, for making 
the driving connection between 
shafts and couplings, pulleys, gears, 
and the like. These keys are made 
of a tough chisel stock and are 
ground to a size very slightly larger 
than the nominal keyway width. A 
cutting edge and chip recess are pro- 
vided near the front end of the key. 
Ahead of these is a pilot slightly 
smaller than the nominal keyway 
width. 

To install one of these keys the 
pilot is entered first with the cutting 
edge at the side. Then the key is 
driven home with an ordinary ma- 
chinist’s hammer or with a sledge, 
depending upon the size of the key. 
The cutting edge sizes the keyways 
to make a tight fit between the body 
of the key and the keyways. In the 
larger sizes cutting edges are some- 
times provided on both sides and on 
top. 

A new method of applying lubri- 


cating grease under high pressure. 


to several bearings, through pipe- 
line connections, has been developed 
by the Keystone Lubricating Com- 
pany of Philadelphia, Pa. It is 
claimed that by this method of lubri- 
cation, bearings which otherwise 


would be difficult of access on account 
of small clearances between working 
parts, heat, and other unfavorable 
conditions can be reached easily. 
The device by which lubricating 
grease is delivered simultaneously to 
several bearings is known as the 
Keystone manifold safety lubricator. 
The lubricator, which is essentially a 
large cylinder into which is screwed 
a grease magazine fitted with a screw 
plunger, is of heavy, cast-iron con- 
struction. The magazine holds 8 lbs. 
of grease. 

As a result of a recent change 
in the Underwriters’ specifications 
which allows the use of single-stage 
centrifugal pumps for fire protection, 
the Allis- Chalmers Manufacturing 
Co., Milwaukee, Wis., has brought 
out a new single-stage pump. This 
pump is a modification of a special 
high-head type of single-stage pump 
which has been built for some years 
and meets the Underwriters’ require- 
ments. 

Types of fire pumps used with the 
Underwriters’ requirements govern- 
ing installation were described in the 
December, 1922, issue of INDUSTRIAL 
ENGINEER. 


Speed reduction gear designed by 
George S. Morison, Pittsburgh, Pa. 


This reducer uses rollers for low speed 
ratios as shown at the left. For high 
speed ratios an epicyclic gear train is 
used in combination with the rollers 
(right), as described more fully in the 
text on page 67. 
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HARDENED STEEL 
CUTTING EDGE 


DRIVE IN BY 
STRIKING HERE 
WITH HAMMER 


CUTTING 
EOGE 


Keytite Self-Fitting 
m Key, developed by 
Smith and Serrell, 
Newark, N. J. 


The following companies have 
played an important part in the de- 
velopment of pumps for fire and 


other service: 


Allis-Chalmers Manufacturing Co., Mil- 
waukee, Wis.; Buffalo Steam Pump Co., 
Buffalo, N. Y.; Dayton-Dowd Co., Quincy, 

: val Steam Turbine Co., Trenton, 
a Fe e Goulds Manufacturing Co., Sen- 
eca Falls, N. Y.; Northern Fire ‘Apparatus 
Co., Minneapolis, Minn. Twinvolute Pump 
& Manufacturing Co., Inc., Newark, N. J.; 
Worthington Pump and Machinery Corpo- 
ration, New York, N. Y. 


In addition to the developments 
mentioned above, several other com- 
panies have brought out new devices 
or improvements on existing equip- 
ment which are of interest to indus- 
trial engineers. 

The Surty Manufacturing Co. 2 
Inc., Chicago, has put on the market 
an automatic and a semi-automatic 
cone belt shifter. This device elimi- 
nates the risks involved in shifting 
belts by hand and reduces the time 
required. 

An outfit known as the Multi- 
blaster has been brought out by 
George M. Stowe, Jr., Buffalo, N. Y. 
It is adapted for spray painting 
and sand blasting and for cleaning 
machinery and equipment in gen- 
eral with any solvent. 

This outfit has been developed for 
all-around use in industrial plants. 
It is light in weight and portable, 
with a capacity limited only by the 
size of the container utilized for the 
liquids to be applied, or the size of 
the sand pile. The device is at- 
tached to air lines at any point near 
the work. 

W. N. Matthews Corporation, St. 
Louis, Mo., is marketing mechanical 
painting units consisting of air com- 
pressor, electric motor, air reservoir 
and so on, mounted on a small truck 
for ready transportation to any de- 
sired location. These spray painting 
outfits can be made for gasoline-en- 
gine drive. (Continued on page 101) 
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A SUMMARY OF DE- 
VELOPMENTS During 
1923 in New Electrical 
Equipment Designed for 
Industrial Use and New 
Applications of Standard 


Types Compiled from 
Reports Received from 
Manufacturers. 


By ARTHUR J. WHITCOMB 
Associate Editor, Industrial Engineer 
HROUGHOUT 1923 electrical 
l manufacturers have increased 
their volume of production in 
practically all classes of apparatus 
and in many cases the output has 
exceeded the maxima of war-time. 
High-pressure production is not 
usually conducive to radical changes 
in design and a considerable propor- 
tion of the improvements reported 
have been along conventional lines. 
There have been, however, a num- 
ber of distinctive new developments 
which represented advances in the 
art. These took place not only in 
the industrial field but also in the 
transportation and public utility 
fields. It is the purpose of this ar- 
ticle to summarize those of interest 
to the industrial user. Since this 
is a review of new applications of 
old equipment as well as recent de- 
velopments in new equipment it will 
of necessity include machines and 
materials other than those developed 
only during the year 1923. 
During the past year the Electric 
Power Club, which is an association 
of manufacturers of electric power 


Recent Electrical Equipment 


Of Interest to Men Responsible for Plant Operation from 
Production and Maintenance Standpoints 
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apparatus and control equipment, 
has reprinted its handbook of stan- 
dards and included all revisions and 
new additions up to October, 1923. 
These standards include new infor- 
mation on standard sizes of outlet 
or conduit terminal boxes for motors 
and standards for synchronous mo- 
tors and new standards covering 
d. e. are welding machines. Re- 
vised electric drill standards are 
given which are more severe than 
standards previously adopted. De- 
tails are included also on outdoor 
construction for single-phase a n d 
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Electric roll heater made by Freyn 
Brassert & Company, Chicago, Ill. 


This heater is used for preheating the 
finishing rolls of sheet and tin mills. 


three-phase distribution and power 
transformers. Standard definitions 
are given for power switchboards 
and similar information for oil cir- 
cuit breakers. The Electric Power 
Club during the year has also pub- 
lished rules for the installation, op- 
eration and care of motors and gen- 
erators. These rules were published 
in the July and November issues of 
INDUSTRIAL ENGINEER. 


Industrial Motors 


Marked activity has been noticed 
in the development of industrial 
motors. This is not only along the 
lines of perfecting and rounding out 
lines of apparatus already developed, 
but in the design of new motors with 
better operating characteristics and 
higher efficiencies. Owing to the 
large number of motor applications 
in modern industrial plants, every 
detail of improvement in the opera- 


tion or application of individual mo- 
tors is of far-reaching economic 
value when considered in the aggre- 
gate. 

Induction Motors.— The Wagner 
Electric Corporation of St. Louis, 
Mo., has developed a new motor 
known as the Fynn-Weichsel motor 
which combines the good character- 
istics of slip-ring induction and 
synchronous motors with most of 
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the undesirable ones eliminated. 
This motor is designed to operate at 
unity power factor—or when oper- 
ated where induction motors are 
also used it can be adjusted to so 
compensate for the lagging current 
taken by the induction motors that 
practically unity power factor is 
obtained for the entire installation. 
In addition the makers point out 
that the Fynn-Weichsel motor de- 
velops a high starting torque with a 
starting current that is relatively 
low. 

The stator and the rotor of this 
motor each have two windings. The 
rotor has slip-rings and a commuta- 
tor. The commutator is used to ob- 
tain exciting current for one of the 
stator windings. The manufacturer 
claims that no commutator trouble 
is experienced, as the commutated 
voltage is very low—on the order of 
fifteen volts. It is also stated that 
the motor starts in a manner simi- 
lar to a slip-ring induction motor, 
and as it approaches rated speed it 
pulls into synchronism and operates 
us a synchronous motor unless the 
load should exceed 150 per cent 
when it automatically reverts to 
slip-ring induction motor operation 
with about 3 per cent slip. If the 
load reduces again, the motor will 
automatically pull into step and 
operate at synchronous speed. These 
characteristics in a single motor 
represent a marked achievement in 
engineering design that should give 
this motor a wide application in in- 
dustrial work. 

The Reliance Electric and Engi- 
neering Company of Cleveland, 
Ohio, has put on the market a new 
squirrel-cage, polyphase induction 
motor known as type AA. The 
points featured in this motor by the 
manufacturer are the insulation of 
the stator windings, bearings, rotor 
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construction and high overload 
torque capacity. It is pointed out 
that the stator punchings are as- 
sembled under ten tons pressure and 
then hot-riveted. The contraction 
of rivets in cooling aids in securing 
a tight and rigid core. The end 
flanges are ribbed to give greater 
strength and support to the stator 
laminations. The feet are cast in- 
tegral with the flanges which are 
heavy and solid in order to reduce 
vibration and prevent loosening of 
feet from frame. 

The stator coils are wound of cot- 
ton-covered enameled wire. The 
manufacturer states that the arma- 
ture, after being wound, is treated 
and baked three times and then 
given a coat of air-drying varnish. 
The special insulation and the thor- 
ough dipping and baking, the maker 
points out, produces windings that 
resist the destructive influences of 
dirt, moisture, oil, acids, and alka- 
lies. 

The end ring of the rotor is of 
copper and is cast on to the exten- 
sions of the bars to provide a rug- 
ged construction. 

The Marble Card Electric Com- 
pany, Gladstone, Mich., has brought 
out a line of alternating-current mo- 
tors, in sizes up to 25 hp., which are 
equipped with ball bearings. 

The Robbins & Myers Company of 
Springfield, Ohio, has put on the 
market a new polyphase, squirrel- 
cage motor known as type L. While 
these motors are smaller in size and 


The new Fynn-Weichsel motor 
made by the Wagner Electric Cor- 
poration, St. Louis, Mo. 


The stator is similar to that of an 
ordinary induction motor except that 
it has two windings. The rotor has 
slip rings and a commutator. The 
commutator is used to obtain excit- 
ing current for one of the stator 
windings. The motor starts similar 
to a slip ring induction motor, and 
| then pulls into synchronism and op- 
erates as a synchronous motor. 
When this motor is operated where 
induction motors are also used it can 
be adjusted so that practically unity 
power factor is obtained for the en- 
tire installation 
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lighter in weight than their prede- 
cessors, the type K line, it is 
claimed that nothing has been sac- 
rificed in strength and rigidity and 
much has been accomplished in the 
way of improved performance. 

The General Electric Company has 
brought out a complete new line of 
40-deg., continuous-duty, riveted- 
frame polyphase motors in sizes up 
to 15 hp. The maker states that 
this new line of motors embodies 
numerous improved electrical and 
mechanical characteristics as com- 
pared with previous construction of 
this class of motor. 

The General Electric Company has 
also put on the market a new single- 
phase, repulsion-induction motor 
known as the type SCR. This mo- 
tor is said to be of “balanced de- 
sign“ —a composite embodying the 
leading features most desirable in a 
motor without unduly accentuating 
any particular characteristic. The 
motor operates on the squirrel-cage, 
induction principle and eliminates 
entirely the short-circuiting switches 
heretofore considered essential. The 
maker further claims that the mo- 
tor has a very high starting, accel- 
erating and pull out“ torque, low 
starting current, practically perfect 
commutation, close speed regulation 
and high efficiency and power factor. 

The Westinghouse Electric & Mfg. 
Company reports that its line of 
fractional horsepower type ARS re- 
pulsion motors has been completed 
and includes improvements which 
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increase the operating life. This 
company further states that its line 
of single-speed and three-to-one 
speed squirrel-cage, elevator motors 
has been improved so that the mo- 
tors are practically noiseless and 
have increased starting torque. A 
totally-enclosed, self-ventilated mo- 
tor for fire pump service has been 
developed. 

The American Electric Motors, 
Inc., of Milwaukee, Wis., is making 
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(A) is an ac. adjustable- 

„ brush-shifting mo- 
tor made by the General 
Electric Company. (B) 
is a totally-enclosed induc- 
tion motor developed for 
oil well service by the 
same company. (C) is a 
new polyphase induction 
motor made by Robbins & 
Myers Company of Spring- 
field, Ohio. (D) is the new 
type SCR single-phase, re- 
pulsion-induction motor 
made by General Electric 
Company. (E) is the new 
type polyphase 


squirrel-cage induction mo- 
tor made by Reliance Elec- 
tric and Engineering Com- 
pany of Cleveland, Ohio. 


a line of totally-enclosed, self-venti- 
lated motors for which is claimed a 
great saving in maintenance ex- 
pense where the motor is required to 
work in dirty locations. The motor 
is -equipped with large ventilating 
fans attached to the shaft, which 
draw clean air through an inlet pipe 
from an outside location. The maker 
claims that the motor is drip-proof, 
dirt-proof, splash-proof and is built 
for use in foundries, flour and grist 
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mills, woodworking plants, textile 
mills; in fact all places where mo- 
tors are causing trouble from ad- 
verse atmospheric conditions. 

The Triumph Electric Company, 
Cincinnati, Ohio, states that indus- 
trial plants can reduce maintenance 
and initial costs by the use of its 
self-starting, automatic, type TR 
motor. The TR rotor has a high- 
resistance winding which is used 
for starting but remains active as 
long as the stator is excited. There 
is also on the rotor a low-resistance 
winding which becomes active only 
after the rotor has reached a prede- 
termined speed and at this speed is 
activated by the operation of a cen- 
trifugal governor. The maker 
claims that this motor, is different 
from the ordinary squirrel-cage mo- 
tor in that the TR motor gives a 
very high starting torque with a 
limited starting current, that the 
compensator is eliminated, and that 
the motor is not disconnected from 
the line during the acceleration 
period. It is further pointed out 
that due to the high starting torque, 
these self-starting motors can gen- 
erally be applied with a rating based 
on full-load conditions; conse- 
quently no necessity for overmotor- 
ing exists. Hence the maker claims 
that first costs are reduced because 
no compensator is required and no 
necessity for overmotoring exists, 
and that maintenance costs are re- 


Applications of motors in indus- 
trial plants where much dirt is en- 
countered. 


At the left is shown a wood-moulding 
machine driven by five motors. A spe- 
cial, drum-type interlocking control is 
used which is provided with thermal 
overload protection. This application 
was made by General Electric Com- 
pany. At the right is a _ totally-en- 
closed, self-ventilated motor made by 
American Electric Motors, Inc., of Mil- 
waukee, Wis. Clean air is piped to 
this motor and the exhaust air leaves 
through another pipe, so as not to stir 
up the dust in the surrounding atmos- 


phere. 


72 


duced because there is no compen- 
sator or other similar starting de- 
vice to maintain. 

The B. A. Wesche Electric Com- 
pany, Cincinnati, Ohio, manufac- 
turers of ‘“Uniframe” motors in 
sizes from ½ to 50 hp., state that 
the company has standardized on a 
line of ball bearings for use in its 
motors. This is in addition to its 
regular line of sleeve-bearing mo- 
tors. 

The Hertner Electric Company of 
Cleveland, Ohio, has recently 
brought out a line of polyphase mo- 
tors in sizes ranging from 1% to 50 
hp. This manufacturer claims that 
this motor has a practically inde- 
structible rotor made with trape- 
zoidal rotor bars brazed to recesses 
in cast copper end rings. The rotor 
is built so that the shaft can be eas- 
ily replaced. The maker refers to 
lhe following features of the sleeve 
bearings used in this motor: two oil 
rings are provided in every bearing; 
oil guards are provided which force 
the oil rings to resume correct posi- 
tion on shaft; a symmetrical bush- 
ing is used so that it may be 
reversed and give longer life; a spe- 
cial design of oil well causes the dirt 
to gravitate to the drain hole; a 
semi-self-aligning mounting is used 
for the bushing. 

Synchronous Motors.—The West- 
saepe ef 
N ran oR 
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inghouse Electric & Mfg. Company 
states that a new type of damper 
winding has been developed for 
high-speed synchronous motors, con- 
densers and generators, which, in 
addition to simplifying the construc- 
tion makes the machine capable of 
successfully withstanding much 
higher overspeeds than formerly. 
This manufacturer has built high- 
speed (650 hp., 3,600 r.p.m.) syn- 
chronous motors for driving mul- 
tiple-stage, steam-turbine-type, air 
compressors. A 1,700 hp., 1,500 
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r.p.m. synchronous motor has also 
been built. The Westinghouse Elec- 
tric & Mfg. Company has also ex- 
tended the use of motor-driven gas 
compressors through the develop- 
ment of an enclosed type of collector 
to prevent the possibility of spark- 
ing at the brushes igniting the gas. 
The maker states that this has been 
accomplished by totally enclosing 
the rings in a sheet-steel drum 
through which air is forced by 
means of a separate, motor-driven 
blower. 


_— 


Industrial Motor Drives 


Textile Motor Applications.—The 
Westinghouse Electric & Mfg. Com- 
pany states that during the past 
year it has made successful applica- 
tions of motors and control to card 
drives, silk spinners, and tandem 
finishing machine drives, which 
offer distinct advantages and im- 
provement in the operation of the 
machines. Two new and typical in- 
stallations are shown below. 


Two new motor applications made 
by Westinghouse Electric & Mfg. 
Company of East Pittsburgh, Pa. 
At the left is shown the application of 
three motors per frame to a silk spin- 


ner. At the right, the application of 
individual motor drive to a cotton card. 


sere: 2 


Steel Mill Motor Applications.— 
The Westinghouse Electric & Mfg. 
Company has recently built direct 
current, compound-wound motors 
rated at 240 volts, 1,500 hp., 125-250 
r.p.m. and similar but larger motors 
rated at 1,800 hp., 165-350 r.p.m. 
These motors were used to drive the 
finishing stands of a 16-in. hot strip 
mill, each stand being driven by a 
separate compound-wound motor. 
The maker states that these motors 
are designed with such close inher- 
ent speed regulation that they oper- 
ate throughout their speed range 
without any automatic, speed-regu- 
lating control. It is further pointed 
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out that this is the first installation 
of a drive for a continuous hot strip 
mill train which has been operated 
without special control for maintain- 
ing correct speed. 

The General Electric Company 
has developed an alternating-cur- 
rent, brush- shifting motor with 
shunt characteristics. This company 
states that this motor, without aux- 
iliary apparatus, gives adjustable 
speed that is practically independent 
of load. Machines of this type that 
are rated at 600/400 / 200 hp. 
321 / 214/107 r. p. m., 25 cycles and 
500/385 / 250 hp., 130/100 / 65 r. p. m., 
for the same power supply have 
recently been built for driving mer- 
chant mills. The General Elec- 
tric Company states that 
the tendency towards the use of 
high-speed motors with reduction 
gears, which has been quite marked 
for the past few years, continues to 
gain headway and that over 90 per 
cent of the new motors for main roll 
drives are for geared service. 

The Westinghouse Electric & Mfg. 
Company reports that orders have 
been received for five large main 
roll drives which are to replace the 
present steam drives. One of these 
drives consists of a 1, 500-hp., 
230-volt, 470-510-r.p.m. direct-cur- 
rent motor, a 1,900-kw. synchronous 
motor-generator set, a 75-hp. reel 
drive, and complete control. This set 
will replace the engine drive on the 
finishing stands of a rod mill. The 
roughing and intermediate stands of 
the mill are to be driven by the pres- 
ent engines, the speeds of which are 
subject to considerable fluctuation. 
It is pointed out that the automatic 
control which will be supplied for 
the 1,500-hp. motor will cause it to 
follow the variations in the speed of 
the engines, thus preventing break- 
age of the hot steel rod or damage 
due to excessive looping. Automatic 
control is also included for the rod 
reel drive which the maker says will 
allow the reels to take up the finished 
rod uniformly, regardless of the 
speed of the mill. 

Paper Mill Motor Applications.— 
The Westinghouse Electric & Mfg. 
Company has installed and placed in 
operation during the year a sectional 
paper machine drive on one of the 
world’s fastest paper machines, the 
paper speed being 1,200 ft. per min- 
ute. The motor equipment for this 
installation is rated at 50 to 150 hp., 
265 to 700 r.p.m. This company has 
also built a 90 to 92-hp., 100-1,100- 
r.p.m motor which is the largest 


speed-range motor it has built for 
single-motor, paper-machine drive. 

Oil Well Motor Applications.—It 
is essential that a motor for oil-well 
pumping be capable of meeting the 
widely different operating require- 
ments of pumping, pulling and clean- 
ing the wells and yet function effi- 
ciently when employed under these 
same conditions of operation. To 
meet these special requirements the 
Westinghouse Electric & Mfg. Com- 
pany has developed a 35/15-hp., type 
CW two-speed, wound-rotor induc- 
tion motor for three-phase, 440-volt, 
50- or 60-cycle operation. Two of 
these motors are combined in the 
two-motor, oil-well drilling equip- 
ment which the Westinghouse Com- 
pany says has been tried out with 
great success in the Mid-Continent 
oil fields. 

The following advantages 
claimed for this equipment: 

1. A perfect drilling motion at 
all depths of hole. 

2. Greater reserve power than 
available with steam engines. 

8. Reduction of idle equipment 
at close of drilling program, since 
the same motors are used for both 
pumping and drilling. 

To meet the requirements of the 


are 


Russian Government in regard to. 


electrical equipment for  oil-well 
drilling, the General Electric Com- 
pany has developed two totally-en- 
closed induction motors, rated at 
75 hp. and 50 hp., 750 r.p.m. This 
company further states that these 
are the largest totally-enclosed, self- 
ventilated motors yet made; previ- 
ous designs in these sizes ambience 
water as a cooling agent. 
Woodworking Motor Appian. 
—Several manufacturers of sawmill 
and woodworking machinery have 
designed new planers and matchers 
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on which the motors are direct con- 
nected to the various spindles. The 
Westinghouse Electric & Mfg. Com- 
pany states that it is supplying 
shaftless motors and controllers for 
this class of equipment. It is also 
mentioned that in all cases two mo- 
tors are being used on the top 
planer head in order to obtain the 
necessary power without increasing 
the diameter of the motor. The 
Westinghouse Company is making 
shaftless induction motors as large 
as 30 hp. at 3,600 r.p.m. for this 
class of equipment. By the use of a 
small frequency changer for con- 
verting the 60-cycle supply to 120 
cycles, a motor speed of 7,200 r.p.m. 
is obtained, which gives even 
greater production on a matcher or 
woodworking machine of that de- 
scription. 

During the year considerable 
work was done towards standardiz- 
ing the bores of these small, shaft- 


.less motors. Through the efforts of 


several of the electrical companies, 
most of the tool manufacturers are 
now using a definite bore for the 
insertion of the shaft. 

The DeWalt Manufacturing Com- 
pany of Leola, Lancaster, Pa., has 
developed a Dew-All“ bench ma- 
chine for handling a wide range of 
woodworking jobs. This machine 
has a motor mounted from an over- 
head swinging arm, so arranged 
that it can be swung into any de- 
sired position over the work bench. 
On one end of the motor shaft is a 
pulley and on the other is a clamp 
for attaching a circular saw that 
will do cross cutting, ripping, miter- 
ing, bevelling, matching, moulding, 
irregular shaping, dadoing, routing, 
sanding, boring, turning, fluting, 
tenoning, boring or panel raising on 
any rake or bevel. 


Electric Control Equipment 


Motor Control. — The Westing- 
house Electric & Mfg. Company re- 
ports that it has perfected an auto- 
matic synchronous motor control 
with dynamic braking that is ob- 
tained in a manner comparable to 
that used on direct-current motors 
and brings the motor to a quick but 
casy stop without shocks. This con- 
trol, it is claimed, is particularly 
àdapted for use on rubber mill mo- 
tors which are often required to 
make a quick stop in an emergency. 
Reference is made to an installation 


of two 250-hp., 600-r.p.m., 2,200-volt, 
60-cycle synchronous motors com- 
plete with this automatic control; in 
dropping from 600 r.p.m. to 0 r.p.m, 
the motors make only a little over 
two revolutions. The maker further 
states that this method of braking 
is more accurate than mechanical 
brakes and imposes smaller mechan- 
ical stresses on the machinery. 

The Westinghouse Electric & Mfg. 
Company has also developed an al- 
ternating-current plugging control 
for a two-motor calendar drive. This 


74 [INDUSTRIAL ENGINEER Vol.82, No.2 
Typical Items of Industrial Control Equipment 


Devised to Handle a sited of Service sation 
w e — Ka Te pie OTS „„ ae 
CORE it ; 17 eee wie K 2 t nies * zt — — 2 


SE 

~- 

2 
= 
* 


* 
1 


* 


F; 
15 
pi 

4 
s 


y~ n 


A- Supervisory equipment built by General Elec- 
tric Co. for controlling feeders and apparatus 
at a distant substation. 

B—Type FK-130 truck-mounted oil circuit breaker 
made by General Electric Co. 

C—Front view of “Bull Dog” safety type indus- 
trial switchboard made by the Mutual Electric 
& Machine Co., Detroit, Mich. 


D—Rear view of the same switchboard. 
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F—The new enclosed, self-ventilated motor for r 
fire pump service built by the Westinghouse 


Electric & Mfg. Co. 

G- Thermal relay type TR designed by the Auto- 
matic Reclosing Circuit Breaker Co., Colum- 
bus, Ohio. 

H—I-T-E synchronism actuated lock-out relay made 
by The Cutter Co., Philadelphia, Pa. 

I—Type AF automatic auto-starter made by 
Westinghouse Electric & Mfg. Co. 


J —Type ZK manual-automatic compensator made 
by The Electric Controller & Mfg. Co., Cleve- 
land, Ohio. 

K—Primary-resistance, hand starter manufactured 
by General Electric Co. 

L— Automatic substation equipment installed 
underground in salt mine for controlling a 
synchronous motor-generator set. This equip- 
ment was made by General Electric Co. 
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company has standardized its large 
printing control equipments. It has 
developed an alternating- and direct- 
current universal printing control, a 
five-pole, alternating- current con- 
tactor, a 2,200-volt, air-break, alter- 
nating-current magnetic contactor, 
and a new line of across-the-line 
starters for small squirrel-cage mo- 
tors. 

The Electric Controller & Mfg. 
Company of Cleveland, Ohio, has de- 
veloped a new type ZK manual-auto- 
matic compensator. It is pointed 
out that this compensator disposes 
of the objectionable features of the 
so-called “hand compensator” and 
at the same time has all the good 
points, with the exception of remote 
control, of the automatic compensa- 
tor. With the type ZK compensator 
it is necessary to throw the handle 
only to the starting position. The 
maker states that after the motor 
has accelerated to a speed where it 
can be safely thrown across the line, 
a relay operates a mechanism which 
automatically throws the compen- 
sator from the starting position to 
the running position. This compen- 
sator is equipped with inverse-time- 
element overload protection obtained 
by means of an expansion wire over- 
load device which the maker claims 
protects against overload or exces- 
sive load due to single-phase opera- 
tion of the motor. 

The Westinghouse Electric & Mfg. 
Company has developed a type AF 
automatic auto-starter, arranged for 
push-button. control. The maker 
claims that this automatic compen- 
sator accelerates the motor cor- 
rectly, because definite time acceler- 
ation is employed. 

A new enclosed automatic starter, 
the CR-7056-D1, of the primary- 
resistance type, has been developed 
by the General Electric Company 


Two products of interest to the 
maintenance department. 
On the right is a punched steel resistor 


grid made by the Westinghouse Elec- 
tric & Mfg. Company of East Pitts- 
burgh, Pa. The graphic meter is 
made by the Esterline-Angus Company 
of Indianapolis, Ind. Instead of the 
usual clock drive for the chart, this 
meter is equipped with an electrically- 
operated drive by which any number 
of meters may be operated in syn- 
chronism with a master clock. 


for starting polyphase squirrel-cage 


induction motors under light load. 
The resistance of this starter is pro- 
portioned to give an inrush current 
of 814 times the normal full-load 
motor current, permitting the mo- 
tors to develop at least 50 per cent 
full load torque in starting. These 
starters are equipped with a single- 
step resistor, equal parts of which 
are connected in each phase. The 
switching elements consist of a 
starting contactor, a running con- 
tactor and a time-limit accelerating 
relay whose action is retarded by an 
alternating-current magnetic drag. 
Overload protection is provided by 
a thermal overload relay. The starter 
is of the safety type, completely en- 
closed with a ventilated case. The 
time interval of the closing of the 
accelerating relay can be changed 
from approximately three to eight 
seconds. 

The Condit Electrical Mfg. Com- 
pany of South Boston, Mass., has 
designed a thermal relay for use on 
its recently developed type N-4 mo- 
tor starter. The thermal relay is 
made up somewhat similar in form 
to a fuse cartridge. This relay con- 
sists of a heat element around which 
is spirally wound a bimetallic strip. 
This strip is arranged to either open 
or close a contact when the heat ele- 
ment becomes hot enough to cause 
the spiral to unwind. The relay con- 
tacts are in series with either the 
undervoltage or shunt trip attach. 
ment and hence in case of overload 
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will trip the motor free from the 
line. After an overload the relays 
automatically reset to the normal 
operating position. 

The Automatic Reclosing Circuit 
Breaker Company of Columbus, 
Ohio, has also developed a thermal 
relay designated as type TR. This 
relay is designed to be universally 
applicable to any surface, including 
motors, small shaft bearings, sta- 
tion transformers, etc., from the 
temperature of which it may be de- 
sired to operate a relay. The bottom 
of the relay is fitted with a brass 
bulb in which is a sylphon element. 
When the temperature of the sur- 
face with which the brass bulb is in 
contact exceeds the temperature at 
which the relay is rated, the sylphon 
element expands and operates a 
push-button switch at the end of the 
relay. The standard relay is built 
to operate at 75 deg. C. The manu- 
facturer states that the relay was 
designed to be placed on that part 
of the motor frame or stator lami- 
nations the temperature of which 
indicates the degree of heating to 
which an overload may subject the 
motor. 

To assist in the standardization of 
resistor grids the General Electric 
Company has developed a type BG 
railway resistor which is inter- 
changeable, both electrically and 
mechanically, with other resistors 
on the market. The unit consists of 
a sheet-steel punched end frame 
with sufficient holes to make possible 
its support on the same bolt hole 
centers as other generally used re- 
sistors. The convolutions of this 
new type resistor are said to be 
shorter than the General Electric 
CG and RG types; the grids are 
stronger and less likely to break or 
warp and the number of contacts is 
reduced to half. 

The Westinghouse Electric & Mfg. 
Company has also completed a new 
line of punched steel grids for re- 
sistors. The maker claims that this 
type of grid is free from breakage 
and is economical in space. The 
Ward-Leonard Electric Company 
of Mt. Vernon, New York, has 
just put into production a fully-en- 
closed type embedded resistor for 
speed regulation duty. 

For use where vibration and jars 
are likely to loosen the resistor from 
a standard screw socket, the Ward- 
Leonard Electric Company has de- 
veloped a Vitrohm resistor unit with 
Edi-swan (bayonet lock) base. This 
resistor unit is made for reducing 
regular line voltage to meet the re- 
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quirements of so called “low-voltage” 
devices, used on motor-generator 
sets, industrial control, etc. 

For the protection of three-phase 
motors against the evil effects of 
single-phase operation, the Westing- 
house Electric & Mfg. Company has 
developed a negative-phase balance 
relay for the protection of all the es- 
sential auxiliary motors. The maker 
states that this relay is entirely new 
and so sensitive to single-phase op- 
eration that an unbalance of 10 per 
cent will create enough single-phase 
effect to trip the breaker. 

The Federal Electric Company, 
Chicago, Ill., has recently developed 
a special type of back connecting 
block which fits in the unit type 
“Square D” line of switches. This 
block fits in between the fuse jaws 
on the switch. The block carries the 
back contacts and auxiliary wiring 
required for the use of the Federal 
National Multiphase”  time-limit, 
powder-packed fuse. The advan- 
tages claimed by the manufacturer 
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for this fuse are: (1) Prevents sin- 
gle phase operation of motors. (2) 
A definite time delay before fuse 
will blow. (3) Fuse can be refilled 
with renewal element. (4) Fuse op- 
erates at lower temperature result- 
ing from less potential drop over 
fuse and consequently fuse has very 
low power loss. 


Recently developed products of in- 
terest to men in charge of mainte- 
nance in industrial plants. 


(A) The unit base of moulded compo- 
sition used in the Square D Switch 
shown at F. (B) Truck type circuit 
breaker made by Westinghouse Elec- 
tric & Manufacturing Company, East 
Pittsburgh, Pa. (C) ‘“Vitrohm” tube 
resistor with bayonet lock base. Made 
by Ward-Leonard Electric Company, 
Mt. Vernon, N. Y. (D) Portable cur- 
rent transformer with range from 0 to 
800 amp. Made by Esterline Angus 
Co., Indianapolis, Ind. (E) Fuse which 
protects motor from overloads or single 
phase operation. Made by Federal 
Electric Company, Chicago, III. (F) 
Safety switch with the unit type bases 
shown at A. Made by Square D Com- 
pany, Detroit, Mich. The block shown 
between the fuse clips is the back con- 
necting block made by the Federal 
Electric Company for use with its 
Multiphase fuse shown at E. (G) 
Portable arc welding generator made 
by the Liteweld Co., Cleveland, Ohio. 
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The fuse is composed of a fuse 
link and a heating element, both en- 
closed in a powder- packed tube. The 
fuse link terminals are brought out 
on the ends of the tube while the 
heating element terminals are 
brought out on the sides. These 
side terminals make contact with the 
special back connecting block when 
used in the new Square D switch. 
This tube with elements goes inside 
the fuse cartridge where the heating 
element terminals engage with ter- 
minals on the side of the cartridge 
and the fuse link is connected to 
the fuse terminals at the ends of the 
cartridge. The terminals of the 
heating element are connected to the 
fuse terminals of the adjacent fuse 
so that the heating element is in par- 
allel with the adjacent fuse. When 
the adjacent fuse is blown the open 
phase voltage across the blown fuse 
is impressed on the heat element of 
the first fuse. The heat element 
melts the fuse and then melts itself, 
thus making two breaks in the cir- 
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cuit and shutting down the motor. 
Likewise the remaining fuse is 
blown, if the motor is three-phase. 

Safety Switches.—The Square D 
Company of Detroit, Mich., has re- 
cently brought out a safety switch 
known as the 80,000 series, in which 
several new features are incorpo- 
rated. The switch has unit bases of 
moulded composition for each jaw 
and fuse clip, instead of the old slate 
base. The maker claims that this 
does away with base breakage and 
metallic veins and also permits re- 
moval of parts from the front of the 
switch in a few minutes’ time. The 
manufacturer also states that the 
Square D cover control makes it im- 
possible to open the box cover while 
the switch is closed and prevents 
operation of the switch when the 
cover is open. A key permits au- 
thorized persons to do both these 
things, allowing for competent in- 
spection under load. 

The Super-Safety Switch Com- 
pany of Chicago, Ill., reports that it 
is increasing its line of switches to 
include sizes up to 200 amp., 600 
volts. Until the present time the 
“Super-Safety” switch has been 
built only in the 30-amp. size. 

The Mutual Electric & Machine 
Company, Detroit, Mich., has made 
some recent large installations of its 
model WF-5, dead front, industrial- 
type switchboards. On these switch- 
boards the operating levers are 
mounted on the front of the board 
and means are provided for locking 
them on or off with ordinary pad- 
locks. The switches with connecting 
busbars are mounted on the rear of 
the board, ample wiring room being 
provided between the switches and 
the board. All parts are removable 
units which permit of repairs or re- 
placements without interfering with 
other apparatus on the switchboard. 
Fuses and parts holding the fuses 
are disconnected and “dead” when 
the switch is open. 

The Westinghouse Electric & Mfg. 

Company has developed an enclosed- 
type safety switch in which special 
provisions have been made for ex- 
tinguishing the arc. It is pointed 
out that this feature has been found 
to be very effective both on direct 
current and alternating current. 
A new safety motor starting switch 
that also has the arc extinguishing 
feature is made by Trumbull Elec- 
tric Mfg. Company, Plainville, Conn. 
The maker points out that this 
switch has protection against single- 
phase operation of the motor. 


INDUSTRIAL ENGIN EER 


The Miniature Breaker Company, 
Inc., of Long Island City, N. Y., 
has recently developed a line of 
„Minibreakers“ that are a circuit 
breaker and motor starter combined 
and are for use on small polyphase 
motors the full load current of which 
is 20 amp. or less. The maker claims 
that the Minibreaker“ gives very 
small motors protection against 
overloads and single phasing which 
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cannot be readily obtained from 
fuses. 

The Trico Fuse Mfg. Company of 
Milwaukee, Wis., calls attention to 
the economies that can be obtained 
through the use of Trico fuses be- 
cause it is impossible to double up 
the renewal links, thus permitting 
overloads to the circuit and also 
damage to the fuse through over- 
loading. 


Substation Equipment 


The Westinghouse Electric & Mfg. 
Company has made interesting im- 
provements and developments in 
substation equipment among which 
are the following: the addition of 
high reluctance poles to 60-cycle syn- 
chronous converters; improvement 
in design and reliability of static 
condensers; use of the Inertaire“ 
transformer, in which an inert gas is 
introduced above the oil level to 
protect the oil against oxidation and 
reduce fire and oil explosion risks; 
improvement of the manner of mak- 
ing transformer tap changes; the de- 
velopment of supervisory control or 
machine switching, by which a sin- 
gle operator in a central location 
may have complete control informa- 
tion concerning the operating status 
of an entire generating and distribu- 
tion system. 

The General Electric Company re- 
ports the development of a new in- 
duction voltage regulator. 

Both companies report an in- 
creased use of truck type switches 
and the rapid extension of automa- 
tic substations to coal mining and 
industrial fields. 

Meters and Relays.— The Ester- 
line-Angus Company, Indianapolis, 
Ind., has brought out a new line of 
graphic instruments known as type 
LR. The maker points out the fol- 
lowing new features of these me- 
ters: A removable ink well to facili- 
tate filling and cleaning; a pen 
element that can be removed quickly 
without the aid of tools; the entire 
back of the case can easily be re- 
moved without breaking any elec- 
trical connections. 

The meters can be furnished with 
either spring-operated or electric- 
ally-operated clocks. The electrically- 
operated clocks are made to operate 
in connection with standard, im- 
pulse-type timekeeping systems. 
Where a number of instruments are 
installed, a master contact-making 


clock can be used to control all of 
the instruments, and where an elec- 
trical time system is already in- 
stalled, the instruments can be con- 
nected to this system. In this type 
of clock the escapement and springs 
driving it are omitted and replaced 
by an electromagnet, actuated by im- 
pulses of current from the control- 
ling system, which drives the chart 
moving mechanism. 

The Esterline-Angus Company 
states that the national Bureau of 
Standards has recently made some 
interesting tests on the Esterline- 
Angus portable universal trans- 
former which has six primary com- 
binations giving a range from 0 to 
800 amp. This company has also 
developed a wind velocity meter 
which measures the instantaneous 
velocity in miles per hour. The me- 
ter is made in the indicating or re- 
cording types and finds application 
on coal or ore bridges where it is 
desirable to know the velocity of the 
wind so that operations may be 
stopped and the bridge clamped to 
the rails when the wind velocity be- 
comes dangerously high. 

During 1923 the Weston Electri- 
cal Instrument Company., Newark, 
N. J., placed on the market a group 
of portable a.c. testing instruments 
which are known as the Weston Jun- 
lor group. They consist of shielded 
movements enclosed in bakelite 
cases. This group has, in addition 
to its unusual portability, the very 
advantageous feature that it is pos- 
sible, by means of two portable 
transformers, the model 461 current 
transformer and model 457 potential 
transformer, to obtain readings cov- 
ering a range from practically 0 to 
2,200 volts and 800 amp. 

The Westinghouse Electric & Mfg. 
Company has developed an entirely 
new line of a.c. switchboard instru- 
ments working on the dynamometer 
principle and replacing the former 
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well-known Westinghouse induction 
type. These new instruments con- 
tain many novel and interesting fea- 
tures. In addition to the usual 7-in. 
type, these are made as a complete 
line in a smaller case 43% in. in dia- 
meter, in agreement with the engi- 
neering tendency to recommend 
smaller instruments than formerly, 
with more compact switchboard and 
control board designs. The manu- 
facturer points out that these new 
lines will hasten the time when the 
switchboards for the largest power 
plants will be miniatures of the 
types heretofore used. These new 
a.c. instruments are on the same 
basis of design and application as 
the recently announced d.c. instru- 
ments which they match in appear- 
ance, thus forming a complete and 
harmonious line of instruments of 
both a.c. and d.c. types. 

The Cutter Company, of Phila- 
delphia, Pa., is now manufacturing 
as a separate device which may be 
fitted to any rotary control, the 
I-T-E “Synchronism Actuated Lock- 
Out Feature.” This is for use in 
connection with starting and run- 
ning switches for synchronous con- 
verters to the end that the switch 
may be passed into the running po- 
sition only when the rotary which it 
controls is in approximate synchron- 
ism with the system to which it is 
to be connected. 

The General Electric Company 
has developed a new type of induc- 
tion overload relay which has a tar- 


Repulsion-induction furnace made 
by General Electric Company of 
Schenectady, New York. 


The force of magnetic repulsion exist- 
ing between transformer primary and 
secondary windings is utilized to cause 
a circulation of molten metal between 
the heating circuit and the melting pot. 
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get that is built in the relay and in- 
dicates when the relay has func- 
tioned to trip the particular circuit 
which it controls. The contacts are 
definitely geared to the shaft. The 
holding coil of these relays, there- 
fore, does double duty in that it 
holds the contacts closed after they 
have once been closed in any cycle 
of operation and also operates the 
target. This relay can also be pro- 
vided with undervoltage protection. 

The Westinghouse Electric & Mfg. 
Company has built an operation in- 
dicator which shows which relays 
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have operated during a system dis- 
turbance and aids in adjusting the 
operation of the relays by locating 
the cause of the disturbance and fix- 
ing the responsibility for it. 

James G. Biddle, Philadelphia, 
Pa., has brought out two new insu- 
lation testers known as the “Meg” 
and “Super-Meg.” These two new 
instruments are an addition to his 
line of “Megger” testing sets and 
the maker points out that they meet 
a definite need for portable, insula- 
tion-testing instruments at a lower 
cost than heretofore. 


Industrial Heating 


Heating Units—The Edwin L. 
Wiegand Company, Pittsburgh, Pa., 
has placed on the market Chromalox 
strip heaters which can be secured 
in varying lengths from 12 in. to 
6 ft. with wattage and voltage as 
required. The heating element in 
these heaters is nickel-chromium 
ribbon, which is embedded edgewise 
in a refractory material under hy- 
draulic pressure of 100 tons. The 
embedded heating element is en- 


1 
as 


tirely enclosed in a rust-resisting 
iron, or Monel metal, and the em- 
bedded terminals are of patented 
construction joined direct to the re- 
sistor without the use of serews or 
brazing. The manufacturer states 
that these heating elements have 
been designed to withstand wide 
variation in voltage and tempera- 
tures up to 1,400 deg. F. without 
danger of injuring the element or 
terminals. Their construction pre— 
vents oxidation or external misuse 
damaging the heating element. 
The Cutler- Hammer Company, of 
Milwaukee, Wis., reports that new 
and unusual applications are con- 
stantly being made of the C-H space 
heater. Recent unusual applications 
are in gum drying ovens, film drying 


Resistance-type furnace made by 
Baily Furnace Company of Alli- 
ance, Ohio. 

This furnace has a new radiant dome 
that eliminates the usual trough sup- 
ports. The lower picture shows a tilt- 
ing furnace made by Green Electric 
Furnace Company of Seattle, Wash. 


—— — — — — — — — — — —— 


February, 1924 


ovens and in investigating the ten- 
sile properties of cotton yarn. 
Extended use has also been made 
of space heaters made by the Rus- 
sell Electric Company, Chicago, Ill. 
Each is an independent 500-watt 
heater with 22.75 in. mounting cen- 
ters so that as many as required can 
be easily installed. 

The Wireless Resistor Company of 
America, at Milwaukee, Wis., has 
put on the market a new non-metal- 
lic resistance element known by the 
trade name of “Globar.” The ma- 
terial constituting the element is, in 
part, silicon carbide and somewhat 
resembles the compound which is 
known commercially as carborun- 
dum. The material is moulded into 
round bar shapes and is mechanic- 
ally strong and rigid regardless of 
the temperature applied. The manu- 
facturer states that “Globar’ may 
be operated at temperatures up to 
2,400 deg. F. 

A very interesting industrial ap- 
plication of electric heating has been 
made by Freyn, Brassert & Com- 
pany, Chicago, Ill. The application 
is a heater for preheating the finish- 
ing rolls of sheet and tin mills. The 
advantages claimed for electric pre- 
heating, compared to previous meth- 
ods, are that the heat may be more 
evenly applied to the rolls and that 
more accurate control of the amount 


of heat applied is obtained. This 


Electrically-heated solder pots of 
750-lb. capacity made by Westing- 
house Electric & Mfg. Company of 
East Pittsburgh, Pa. 


Automatic temperature regulation is 
maintained on these solder pots by 
means of the control panels shown in 
front of the pots. 
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Electrically-heated furnace for 
heat-treating steel made by West- 
inghouse Electric & Mfg. Company 
of East Pittsburgh, Pa. 


The temperature is maintained auto- 
matically by means of the control re- 
lays shown at the left of the furnace. 


results in reducing roll breakage and 


increasing production due to the fact 
that the rolls can be brought nearly 
to normal operating temperatures 
and shape. The maker reports that 
so far this has not been obtained by 
any other method of preheating. The 
heat is applied to the roll by means 


of special strip heaters assembled on 


a framework that fits them closely 
around the rolls. The framework is 
designed so that it may be quickly 
clamped or released from the rolls; 
consequently little time is lost when 
making the change. An installation 
is shown on page 69 of this issue. 
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The Westinghouse Electric & Mfg. 
Company reports that electric heat- 
ing is continuing to find favor in the 
industrial world for certain applica- 
tions, one of which is electrically- 
heated solder and babbitt pots. 
Solder and babbitt pots of 150- and 
750-lb. capacity, with automatic 
temperature regulation, have been 
developed by this company. Here 
again temperature regulation ap- 
plied to a soft metal melting pot of 
this character is a distinct step for- 
ward in the industry. 

Electric Furnaces.—The Bailey 
Furnace Company of Alliance, Ohio, 
has recently developed a new radiant 
dome electric furnace for melting 
brass and nickel alloys. The maker 
points out that this furnace embo- 
dies some radical features as it com- 
pletely eliminates the usual trough 
supports formerly required by re- 
sistance-type furnaces, the resistor 
ring being entirely self-contained in 
a separate middle section. It has the 
advantages of heating up more rap- 
idly than other furnaces of this type 
and a much higher melting capacity 
than was formerly thought possible 
in a resistance-type furnace. 

The Green Electric Furnace Com- 
pany, Seattle, Wash., has made an 
effort to standardize its electric 
steel and iron melting furnaces so 
that they will operate on the stand- 
ard 220-volt, three-phase power cir- 
cuits. The maker states that the 
necessary range of voltage between 
electrodes is provided by means of a 
voltage regulator which is really an 
autotransformer taking current at 
220 volts, three-phase, and supply- 
ing current at any voltage required 
between 90 and 140 volts. The manu- 
facturer reports that he has further 
improved the furnaces so as to make 
them operate with a very low power 
demand; hence, when it is desired 
to melt slowly the power may be 
used in such a manner as to create 
a high load factor and therefore a 
low cost per kilowatt-hour. 

The General Electric Company has 
developed and made installations of 
a new type of induction furnace, 
which: utilizes the force of electro- 
magnetic repulsion existing between 
transformer and primary and sec- 
ondary windings, to cause a circula- 
tion of molten metal between the 
heating circuit and the melting pot. 
The maker reports that a notable 
accomplishment of the repulsion-in- 
duction furnace was the successful 
melting of pure copper on a commer- 
cial basis. 
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The Westinghouse Electric & Mfg. 
Company states that its arc-furnace 
automatic regulator has been 
brought to a higher degree of per- 


New welding electrode holder made 
by Gibb Instrument Company of 
Bay City, Michigan. 


fection than ever before and is now 
being widely used. 

The Electric Furnace Construc- 
tion Company of Philadelphia, Pa., 
is introducing Soderberg electrodes 
—an electrode developed in Europe 
and for which the maker reports a 
lower first cost, reduced consump- 
tion, and continuous furnace opera- 
tion, no time being lost for chang- 
ing electrodes. The Soderberg elec- 
trode is a continuous electrode, 
made, baked, and consumed in the 
same furnace. A raw mix of carbo- 
naceous material is tamped into a 
ribbed cylinder of light gage metal, 
thus forming the electrode. The 
baking process is accomplished by 
the waste heat from the furnace. 
As the electrode is consumed, it is 
lowered into the furnace and new 
sections of casing are added at the 
top as required. 

Electric Welding.—The Allan 
Manufacturing & Welding Company, 
of Buffalo, N. Y., has developed a 
polyphase arc welder. The maker 
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states that this welder is a specially- 
constructed transformer which is 
fed from a polyphase, a.c. power 
line and transforms the current to 
the proper voltage and amperage re- 
quired for successful arc welding. 
The welder is constructed to suit 
any alternating-current primary 
power supply as to voltage and fre- 
quency. 

The Liteweld Company, of Cleve- 
land, Ohio, has developed a portable, 
arc-welding generator with a “di- 
vided pole” construction which, it is 
claimed, reduces from 40 to 50 per 
cent the active material required in 
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& machine of a given capacity. The 
maker points out that this results in 
a smaller machine without loss of 
power, efficiency or reliability. 

The Gibb Instrument Company, 
Bay City, Mich., has put on the 
market a new welding electrode 
holder. The maker points out that 
it is made of cast aluminum and 
weighs only 15 oz., that it has renew- 
able copper jaws, and that the holder 
remains cool because of the high 
conductivity of the aluminum mem- 
bers, of a special, air-ventilated han- 
dle, and because of its outside cable 
connection. 


Repair Shop Tools and Supplies 


Winding Machines.—The Mutual 
Foundry & Machine Company, At- 
lanta, Ga., has recently developed a 
combination reel rack and tension 
device, which is designed for han- 
dling a maximum of nine 24-in. 
reels. The tension device has slots 
for nine wires and is so arranged 
that individual tension may be ap- 
plied to each wire, thus insuring uni- 
form tension on a multiple-wire coil. 


Some recently developed coil wind- 
ing machines that will save money 
in the armature repair shop. 


The left-hand machine is a high-speed 
“pin-coil” winder made by W. P. Huns- 
dorf & Company of Cleveland, Ohio. 
The center device is a coil duplicating 
machine made by the same company. 
The machine, which is illustrated be- 
low on the right, is a coil winder 


equipped with a self-contained motor. 
This winder is made by the Mutual 
Foundry & Machine Company at At- 
lanta, Georgia. 


This company has added a self-con- 
tained motor sub-base carrying a 
I-hp., 1,750-r.p.m. motor, to its 
Browning coil winder. 

W. P. Hunsdorf & Company, of 
Cleveland, Ohio, has developed a 
high-speed “pin-coil’ winder for 
which the advantages of quick ad- 
justment, easy operation, and a pin 
spacing which remains as set, are 
claimed. This company has also de- 
veloped a new coil-duplicating ma- 
chine. 

The B. T. Coil Former & Tool 
Company, of New York, N. ¥., has 
developed a new combination coil 
winding and spreading machine. 
The maker points out that this ma- 


chine produces a rigid coil that 


rarely requires varnish to hold it 
for taping. (Continued on page 104) 
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A Review of the Tend- 
encies and Practices 
in Industrial Plants 
That Are Establishing 
a Wide Field of Op- 
eration for Conveyors, 
Industrial Trucks, 
Tractors, Hoists, 


Cranes, Tiering and 
Piling Machines and 


Similar Equipment. 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


TILIZATION of material- 

l | handling equipment in in- 
dustrial plants in place of 
man-power has been undergoing a 
gradual growth for years. When 
Ford introduced conveyors in the 
processing and assembly of automo- 
biles, although this was not the first 
such application, the possibilities 
were perhaps more forcibly broad- 
cast than ever before to the atten- 
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tion of the industrial public. Other 
automobile companies quickly fol- 
lowed this lead until the automotive 
industry has, more than any other, 
developed material handling to suit 
its own needs. Conveyors, as in the 
early days of the industry, still form 
the nucleus of material-handling and 
assembly systems, but the modern 
automobile plants now take advan- 
tage of industrial trucks—both hand 
and electric—tractors, hoists, trol- 
leys, cranes, and other types of ma- 
terial-handling equipment. 
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Using a 19-ft. boom industrial crane truck 
in assembling the front smoke box cover 
of a locomotive. 


Developments through recent 
years have emphasized the need of 
special study in the applications of 
equipment to special work. This 
requires a consideration of the 
product and quantity handled. 
What might be best for one plant 
might not be suitable for another, 
even though producing a similar 
product. An extreme example may 
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be taken from the automotive indus- 
try. Here the large plants could not 
get along without conveyor assem- 
bly; in contrast a small plant, pro- 
ducing only a few cars a day, would 
find it much more expedient to move 
the workmen progressively and leave 
the cars stationary. While this seems 
axiomatic, many installations are not 
always fully considered from every 
angle before selecting the equipment 
for the job. Sometimes conveyors 
are used when industrial trucks or 
trolleys would be more satisfactory. 
The contrary is also true. Users 
are, however, obtaining a better 
knowledge of the problems involved 
and the methods of solution so that 
they can more judiciously apply 
this knowledge to the selection of 
the most effective equipment. 
During the war and in the pros- 
perous period which followed, labor 
learned to shun work which re- 
quired heavy lifting and carrying. 
Immigration restrictions together 
with the change in the class of those 
immigrants received prevented the 
replenishing with a new class of la- 
bor to do this work. This naturally 
called for the substitution of me- 
chanical means for muscle in hand- 
ling heavy units and has been one 
of the principal reasons for the 
wider demand for material-handling 
equipment during the past year. 
This demand has been particularly 
noticeable in the hand-lift and elec- 
tric industrial truck fields—two 
classes of tools which have a wide 
application in all industrial lines and 
can also be used to decrease the cost 
of miscellaneous handling of a var- 
ied line of material in its many 
movements through the shop from 
its receipt until it is shipped out. 
Almost any shop which handles 
even a comparatively small quantity 
of material will find that it can use 
either a hand or electric lift truck 
advantageously even though it has 
little opportunity for other such 
tools except possibly a hoist or pil- 
ing machine. Many large plants find 
that these machines often work into 
the material-handling scheme for 
the miscellaneous work which does 
not travel over the fixed path to 
which a conveyor or hoist is limited. 
In general, the developments for 
1923 in the industrial truck field 
have been toward the production of 
heavier equipment by the concerns 
who have had the most extensive ex- 
perience. There was a similar devel- 
opment during 1922, but this ten- 
dency was more marked last year. 


INDUSTRIAL ENGINEER 


A skid or platform for an elevat- 
ing truck and two trailers. 
The pipe ends may be removed so that 


this Cowan platform may be used 
alone. A similar type with eee legs 
is made for an electric The 
middle view shows the 5 of 
a Cowan trailer and the way it is con- 
nected up to track. This all- steel 
Elwell-Parker trailer (below) weighs 
600 lb. and is capable of carrying a 
85 of 6,000 Ib., either as a trailer or 
to be carried on a heavy-duty indus- 
trial lift platform truck. For hard, 
severe service many users are turnin ng 
to steel platform and tote boxes; su 
as the Truscon. Steel platforms and 
boxes are necessary if hot forgings or 
similar material is to be transported. 


Before the war it was seldom that 
more than 3,000 lb. was carried as a 
truck load, with the average load 
running less than 2,000 lb. As us- 
ers of this type of equipment became 
more familiar with these tools, they 
were prompted to apply them to 
more specific work, so that today we 
find them handling materials in 
practically every department of an 
industrial plant and operating not 
only on floors, as originally intended, 
but in unpaved yards, up inclines, 
through tunnels, across bridges, and 
in fact, anywhere that one could pos- 
sibly handle a load on a hand truck. 

Numerous types of accessories 
have been applied to these equip- 
ments in order to especially adapt 
them for the job in hand. The re- 
quirements of some of the applica- 
tions naturally have exceeded the 
strength of the original designs and 
have often revealed weaknesses. 
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Sufficient demand for these special 
tools has naturally resulted in the 
standardization of improvements to 
overcome these weaknesses. 

These conditions have resulted in 
the demand for larger electric indus- 
trial trucks and tractors as the loads 
are now averaging well over 4,000 
lb. in many industries, and in some 
exceptional installations, above that. 
This required the revamping of 
many types in order that the same 
nameplate ratings could be retained. 
Fundamentally, the electric indus- 
trial truck must be as light as pos- 
sible, as flexible as possible, as 


strong as possible, and as efficient 


as possible—on account of it carry- 
ing its own power unit, namely, the 
storage battery, no superfluous 
weight is permissible in a truck. In 
addition, the kind of labor available 
to operate these trucks was not alto- 
gether of the sort which has much 
respect for machinery. Conse- 
quently, the element of abuse had to 
be considered in the new design, so 
that today electric industrial trucks 
and tractors have been designed not 
only for use but against abuse. 
The rating of “tructors” (a term 
which The Elwell-Parker Electric 
Company, Cleveland, Ohio, has 


- coined as descriptive of the electric 


industrial truck or tractor and ad- 
vocates its general use by all manu- 
facturers as descriptive of this 
equipment) today is from 50 to 100 
per cent greater than it was in 1918. 
However, the weight of the equip- 
ment has been increased on an av- 
erage of only 83 to 66 per cent when 
in some special cases, such as crane 
trucks, capacities have increased in 
a ratio of 6 to 1, or 500 per cent 
with an increase in weight of only 
3½ to 1, or 250 per cent. In line 
with these demands of industry, 
two or three manufacturers of elec- 
tric trucks have produced a special 
power crane truck with a 12-ft. 
boom for lifting and piling. This 
may be used to enter railroad cars, 
to load or unload, to set or remove 
dies, to place or remove heavy parts 
on machine tools, for piling or un- 
piling castings or other heavy stock, 
and other heavy lifting or handling 
and moving. 

If the distance to be traveled is 
short, as from the inside of a car to 
a truck or nearby storeroom, this 
crane tructor is generally used to 
do both the lifting and carrying. 
If the distance is considerable, how- 
ever, it is more economical to de- 
posit the load on another truck or 
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trailer for the long haul. However, 
for much of the miscellaneous hand- 
ling of heavy material about a yard 
or plant, the crane tructor not only 
picks up but also carries its load to 
its destination. In several installa- 
tions magnets are used on the crane 
to handle pig iron and scrap, either 
in yard storage or to load or un- 
load gondolas or the industrial 
trucks or trailers which are used to 
carry the iron to the cupola. 

These crane trucks have a lifting 
capacity of about 3,000 lb. at a 
radius of approximately 6 ft., and 
1,000 lb. at a radius of 12 ft. A 
special 19-ft. boom is sometimes 
added when the crane is used on 
high work, such as in locomotive re- 
pair shops for fitting or removing 
smokestacks. This can also be used 
for fitting or removing other heavy 
parts such as pumps, smoke box 
fronts, springs, wheels and axles, 
pistons, crossheads, and other heavy 
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parts which are not so high and 
could be reached by a truck with 
shorter boom. 

Another tructor development has 
been along the line of a high-lifting 
elevating platform truck which will 
lift from a low height of about 12 in. 
to a top height of about 60 in. 
These are called “Hi-Lo” tructors, 
or tiering or piling trucks. They 
are commonly used to pile material, 
to place or remove dies, to load box 
cars or motor trucks, and to handle 
material on platforms which must 
be raised more than the ordinary 
elevating platform is capable of do- 
ing. With the “Hi-Lo” the skids or 
platforms, with load, may be 
stacked. One plant, with material 
which cannot be piled very high, 
even uses these “Hi-Lo” tructors to 
elevate loaded platforms so that they 
may be suspended from the ceiling 
and in this way get the full storage 
capacity of the room. Most of these 
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One man could not pick these up 
alone without a crane such as this. 


Crane trucks, like this and others 
shown on the accompanying pages, en- 
able one man to pick up heavy pieces 
of material almost anywhere in the 
yard and deliver them in any of the 
shops. This Crescent truck has a ca- 
pacity of 1,500 lb. and is of the high- 
wheeled type. . 


tructors have a capacity of 5, 000 
lb. and serve as an all-round, general 
utility truck. Neither this nor the 
crane truck, however, is expected 
to be used where sufficient straight 
hauling is on hand to keep an elevat- 
ing platform or tractor and trailers 
busy. Several adaptations of this 
high-lift elevating platform truc- 
tor have been made for special work. 
The use of one of these for handling 
tin plates is shown in an accompany- 
ing illustration. 

The recent developments of the 
various larger manufacturers of 
tructor equipment have not been en- 
tirely uniform because in some 
cases developments have been made 
previous to this year, while other 
manufacturers took the opportunity 
to complete practically a full line of 
electric industrial trucks and trac- 
tors for all the various industrial ap- 
plications. | 

In the endeavor to complete his 
line of trucks, one manufacturer has 
added a chisel-platform, electric lift- 
truck in which the chisel teeth pro- 
ject forward from the truck almost 
level with the floor and slip under 
the load and elevate it. With this 
one man can pick up almost any load 
and deliver to its destination alone. 
The application of this was dis- 
cussed in an item in the INDUSTRIAL 
ENGINEER, on page 561 of the 
November, 1923, issue. Another 
company has developed a special, 
low-platform, general utility truck 
which may be provided with a boom 
crane, a demountable dump body or 
used for general all-purpose haul- 
ing. Another manufacturer has pro- 
duced an attachment which is placed 


on a low-platform electric truck and 


makes it a hand-operated, elevating- 
platform truck. 

Recently a few manufacturers 
have begun the development of a line 


An example of a yard application 
of. a long-boom industrial crane 
truck. 

Thfs truck can run alongside a row of 
these cable reels and lift any one from 
the group. During the past year many 
long-boom trucks have been installed‘ 
in railroad shops for fitting and repair 
work around the locomotives. This El- 
well-Parker truck has many other in- 
dustrial applications, such as piling ar 
unpiling, setting dies, assembly work, 
and many other miscellaneous tasks 
which would be light for a large loco-. 
motive crane. 
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Tractors and Trailers for Industrial Hauling 
Eleven Examples of What This Equibment Will Do 


A—New three-wheel type of Yale tractor 
with train of six-wheel trailers. 

B—Baker R & L crane truck with load of 
thin sheets. 

C—Handling a load of 5,500 yards of cot- 
ton goods with a Lewis-Shepard hand- 
lift truck. 

D- This three-wheel gasoline Clark truc- 


tractor will crane 2,000 lb. or tow one 
to twenty trailers. 


E—Loading cars with a Yale high-lift ele- 
vating platform truck. 

F—Using a Cowan electric truck as a trac- 
tor and trailing Cowan hand-lift trucks. 

G—A new type of Mercury three-wheel, 
internal-gear tractor with trailers. 

H—Elwell-Parker “Hi-Lo” truck with plat- 
form at top and bottom of its travel. 

I—Depositing 1,800 Ib. air receiver in box 
car by aid of Elwell-Parker crane truck. 

J- This crane attachment is built on a 


separate lift-truck platform for a Termi- 
nal Engineering truck. 


K—One of the miscellaneous handling 
jobs of a high-lift Elevayor truck. 


February, 1924 


of light-duty electric elevating- and 
stationary-platform electric trucks 
with the idea that there was suffi- 
cient demand for a standardized 
truck of this sort. Similarly, one 
producer of high-wheeled electric 
tructors which are particularly 
adapted for use on yards and over 
rough floors and passageways has 
added a crane truck to his line of 
equipment. Another manufacturer 
of similar equipment has provided a 
special skid with a crane attach- 
ment which may be lifted by the 
elevating mechanism of the truck as 
is any other platform. The crane 
motor receives its power from the 
battery and in this way the regular 
truck may quickly become a crane 
truck. The crane platform may be 
as quickly set to one side and the 
truck again used for regular work. 

Practically each manufacturer of 
electric and hand truck equipment 
nas produced a special, steel-rein- 
torced skid or platform which is 
shipped knocked-down to the user. 
Originally, most platforms were 
made of wooden planks by the user 
according to his own ideas. Many 
of these were improperly designed 
and would not stand up under serv- 
ice. Manufacturers now realize the 
importance of good skids or plat- 
forms to assure the reliability of 
service of which a tractor or hand- 
lift truck is capable. 

Considerably increased demand 
has been shown for steel platforms, 
particularly with the addition of a 
box to hold material, especially 
around foundries and shops engaged 
in metal manufacturing where the 
abrasion of the parts would soon 
wear out a wooden tote box. While 
these originally were designed for 
use in handling hot forgings, their 


INDUSTRIAL ENGINEER 


lasting qualities have brought them 
into much wider use. Four-wheeled 
trucks and trailers are also made 
with steel platforms, as shown in 
the accompanying illustrations. In 
this case the truck is made so that 
it can be used as a trailer, can be 
lifted by an elevating platform truck 
and carried, and is also arranged so 


that it can be lifted by an overhead 


traveling crane. This flexibility of 
units adds much to the value of ma- 
terial-handling installations. 

One type of platform is made to 
use on either a hand or electric lift 
truck; the hand-lift truck lifts the 
platform endwise and the power 
truck crosswise. Manufacturers of 
hand trucks, live-platforms and 
trailers are using ball-bearing cast- 
ers more commonly. One manufac- 
turer of casters has produced a 
double-ball-race caster for this pur- 
pose. 


RECENT DEVELOPMENTS IN OTHER 
MATERIAL-HANDLING EQUIPMENT 


Developments in the _ hand-lift 
truck field recently have also been 
towards the providing of equipment 
which would handle heavier loads. 
At present, hand-lift trucks which 
will handle up to 15,000 lb. may be 
obtained. One company has devel- 
oped the trailing of loaded hand-lift 
trucks behind tractors or other elec- 
tric trucks, as shown in an accom- 
panying illustration. 

Two or three manufacturers have 
added three-wheeled tractors to the 
line of tractors and industrial trucks 
which they were already manufac- 
turing. One well-established com- 


pany has added an _ internal-gear- 
drive tractor to its line, making it a 
producer of both worm- and inter- 
nal-gear-driven tractors. 


The man- 
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ufacturer claims considerable in- 
crease in efficiency of this tractor 
by using the internal gear. A man- 
ufacturer of a gas-driven tractor 
has added a special crane for load- 
ing trailers or general utility pur- 
poses, as shown in an accompanying 
illustration. 

During the past year or two sev- 
eral companies have brought out 
new designs of piling or tiering ma- 
chines. One, for example, has been 
of a light capacity—up to 500 Ib. 
This is made in both hand and elec- 
tric types. The electric type, it is 
claimed, can receive its power from 
a lamp socket. Larger units require 
a power circuit. 

Another company which manu- 
factures a wide line of tiering ma- 
chines from small capacity up into 
large units has developed a special 
telescoping frame, whereby the 
equipment is able to operate any- 
where from about 614 ft. up to full 
height of the telescopic attachment. 
This machine can pile under a slop- 
ing roof, under or on top of a bal- 
cony, around beams, or other ob- 
structions overhead and in similar 
places where a tiering machine of 
fixed height could not operate. With 
this machine the frame is made in 
two parts, one telescoping within 
the other. In the telescoping-frame 
tiering machine the platform is fas- 
tened to the telescoping part and is 
elevated first to the top of this sec- 
tion. When it reaches the limit the 
telescoping frame is then raised, so 
that the load is always at the top 
of the telescoping frame. Several 
four-poster tiering machines with 
large platforms, in some cases large 
enough to handle automobiles, have 
also been developed. In addition, 
many users of piling machines who 
have purchased hand-operated equip- 
ment are adapting them to electric 
drive by the addition of a motor. 

Probably but few plants handle so 
little heavy material that they do 
not have an opportunity to use a 
hoist or crane to advantage. This 
type of equipment is occupying an 
ever-increasing place in industrial 
material-handling applications. Men 
dislike heavy lifting, as was men- 
tioned. It is also slow work and 


This is a standard type of electric 
truck modified for special work. 


A Yale high-lift, elevating-platform 
truck has the platform and the wheel 
base shortened. and fingers, together 
with clamps, are provided for handling 
tin sheets. Instead of using skids, as 
is required in other work. the piles are 
separated by small pieces of niank just 
high enough to enable the fingers to 
slip in between the layers. 
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Types of Equipment for Handling Materials 
Some of These May Be Used in Almost Any Plant 


N 


— 
eg 


A—Handling pig iron with an Industrial 
Works locomotive crane and magnet. 
B—Pouring cast-iron pipe from a three-lip 
flask carried by a Motorbloc hoist. 

C—This electrically operated Jeffrey 
stacker with telescoping arm for raising 
and lowering will handle about 500 
bags per hr. 


D—Old type of Standard disk roller con- 
veyor handling shingles. The manufac- 
turer is again introducing this type of 
construction. 


E—Economical storing and reclaiming of 
coal with a Godfrey conveyor and clam- 


shell bucket. 


F—Driving mechanism and Jeffrey con- 
veyors for handling automobile bodies. 

G—Unloading and piling pig iron with a 
Shepard hoist and magnet. 

H—Silent Hoist capstan and car puller 
operated by an electric motor. 


[—Gasoline operated Standard portable 
belt conveyor for handling coal and 
other loose material. Electric motor 
may be attached if desired. 


J—A Jeffrey portable belt conveyor which 
is made either to suspend from slings, as 
shown, or to be carried on wheels for 
yard work. 


K—This Jeffrey lift or tray elevator car- 
ries the automobile bodies from one 
floor to the next. 
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often requires a helper. It does not 
pay to keep a machine idle long 
while waiting for a helper or while 
waiting to place or remove a heavy 
piece on a machine tool. If a hoist 
or crane is provided for that tool, it 
is always on hand and in many cases 
will soon repay its cost through the 
increased production or decreased 
wage expense of a helper. 

An interesting example in one in- 
dustrial plant indicates the trend 
in hoist applications. In this case 
a hoist served one of a group of 
machines. This machine was the 
bottle-neck in the line of production, 
and choked up a process wherein the 
work flowed through several ma- 
chines. The slow-speed hoist feed- 
ing this machine was supplanted by 
one of a faster type. Also, it was 
provided with special devices for 
quickly gripping and releasing the 
work. This speeded up this ma- 
chine enough to enable it to keep 
up with the capacity of the others 
in the group. This does not mean, 
however, that the field for slow- 
speed hoists is decreasing, as there 
are many places in which they still 
operate as fast as is necessary. A 
study of quick-gripping devices 
adapted to the service requirements 
of a hoist shows that these still 
offer considerable opportunity for 
development. 

Recently at least two companies 
have produced an electric hoist 


which will operate with very low 


When a locomotive crane is cordu- 
‘roy-mounted, it can go anywhere. 
With this Pawling and Harnischfeger 
crane advantage can be taken of irreg- 
gular spaces for storage as the whole 
yard is within its working range. 
These are made for either gasoline or 
electric drives. Electric drive is pre- 
ferred where the machine does not 
have to cover too great an area. Plugs 
can be located at convenient places 
about the yard and a long flexible 
cable used to transmit power to the 
machines. As the machine moves be- 


yond the reach of one plug, the cable 
is transferred to the next. 
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Two views of the “Lo-Hed” mono- 
rail electric hoist. 


This is an end view and a side view of 
a 3,000 lb. American “Lo-Hed” mono- 
rail elèctric hoist. The side view, with 
cover removed, shows the accessibility 
and convenience as well as the arrange- 
ment which makes it possible to raise 
the hook so high. 


headroom. These are particularly 
advantageous 
structed shops where the ceiling is 
low. The other hoist, which is really 
a chain block with an electric motor 
attached, is finding considerable ap- 
plication in fields where the hoist 
must be moved frequently, as on 
maintenance work and other places 
where it is used temporarily, be- 
cause it is of a lighter weight than 
the standard electric type of hoist. 
Another manufacturer of a wide 


in the older con- 
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line of electric hoists has standard- 
ized on hoists of 500 to 2,000 Ib. ca- 
pacity with worm drive instead of 
internal gears. 

There is also an increasing num- 
ber of yard and shop applications of 
the cage-operated electric hoist on 
monorail and crane crossovers. One 
of these recent applications is pic- 
tured in one of the accompanying 
illustrations. These hoists will cover 
a wide area in any industrial works 
and tie together the transportation 
between several separate units. 

There has been considerable de- 
mand from medium and small plants 
tor cranes, hoists, and portable con- 
veyors, as will be explained later, 
tor use in handling coal to and from 
yard storage and also around the 
boiler plant. Large plants which 
have done considerable coal storage 
have been fairly well provided with 
this equipment. The older con- 
structed plants and smaller plants 
are realizing that it is costing con- 
siderably more money to handle the 
coal as received and are installing 
mechanical devices to do this. As 
coal handling is an intermittent 
process, the use of material-hand- 
ling devices to supplant gangs of 
men has resulted in worth-while 
economies even where no effort is 
made to store more than enough for 
ordinary requirements. 

Numerous lines of industry have 
noted the advantageous application 
of conveyors for production and as- 
sembly in the automotive industry 
and are now applying some of these 
plans to their own lines. One ap- 
plication of a belt conveyor for as- 
sembly of small parts is shown in an 
accompanying illustration. Here 
radio parts are inspected and as- 
sembled progressively until they are 
finally boxed and thrown into the 
center section of the belt conveyor 
which carries them to a cross con- 
veyor at the distant side of the 
room. This cross conveyor in turn 
deposits the boxed radio parts in 
the stockroom. Here, one line of 
belt conveyor is serving not only two 
rows of assemblers but also carries 
away the finished parts. Notice par- 
ticularly the deflectors which are 
used to remove the parts from the 
conveyor belt and deflect them to 
each operator. 

This conveyor does away entirely 
with the use of containers of anv 
sort, which it would ordinarily be 
necessary to use to carry the parts 
from one worker to the next. It also 
acts as a pace-maker for the entire 
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line of assemblers. Another ad- 
vantage is that work of this sort 
can be put on a group wage-payment 
plan and instead of checking the 
production of each individual 
worker, it is necessary to check only 
the output delivered at the end of 
the line, as each worker will neces- 
sarily do his or her part progres- 
sively. This simplifies the checking 
and recording of work done but 
does not interfere with varying the 
proportion of the pay to different 
operators according to the skill re- 
quired, the experience, and the diffi- 
culty of the various tasks they 
perform. 

One of the interesting develop— 
ments in conveying equipment 
during the past year has been in ap- 
plying it to special industrial appli- 
cations where until recently convey- 
ors have not been considered as 
possible for use. The use of convey- 
ors in shipping rooms has been ex- 
tended. The particular advantage 
here lies in the ease and rapidity 
with which the packages are re- 
moved from the packer and placed 
in the shipping department. Many 
companies are, with the aid of con- 
veyors, now able to fill orders from 
their shipping room within a few 
hours instead of requiring days as 


One of the many uses of a high-lift 
elevating platform industrial truck. 


This Baker R. & L. truck can be used 
to place or remove a double tier of 
hogsheads of tobacco either in the stock- 
room or when loading or unloading mo- 
tor trucks. With this a motor truck 
can haul almost twice as much as if 
loaded by hand. Similarly the store- 
room can pile almost twice as much 
material on the same floor space. 
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Three recent de- 
velopments in the 
construction of 
tiering or piling 
machines. 


The four-poster Lewis-Shepard tiering 
machine (left) is used to handle large 
rolls of paper for a St. Louis news- 
paper. The machine above (New Jer- 
sey Foundry & Machine Co.), has a 
platform 6 ft. long and is used to 
handle plate glass mirrors between 
the floor and a mezzanine. The frame 
is of wood so as not to break the plate 
glass mirrors. The Economy telescop- 
ing-frame tiering machine (right) is 
used to pile on or under balconies, 
around trusses, and in other similar 
places where it is difficult to use a ma- 
chine of fixed height. The trussed part 
of the framework shows the minimum 
frame height of this machine; the posi- 
tion of the bale indicates the maximum 
extended height. These heights can 
be made to fit almost any ordinary 
condition. Considerable recent devel- 
opment has been made in adopting 
higher speeds than has been the for- 
mer practice for tiering machines. 


was often necessary before. Pneu- 
matic tubes for delivering these or- 
ders to the shipping room are also 
installed in a number of cases to as- 
sist in speeding the shipment of an 
order by getting it to the packing 
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room almost immediately after it is 
entered on the books. 

In many lines of work there seems 
to be a tendency toward using ball- 
bearing conveyor rolls of small di- 
ameter, as they will carry smaller 
pieces, and do it more smoothly, 
then the large roller conveyors. 

One company has put out a spe- 
cial conveyor which consists only of 
a disk roller, as shown in one of the 
accompanying illustrations. This is 
fastened to an angle iron and is 
made in both straight and curved 
sections. The particular advantage 
of this conveyor is the ease with 
which it may be erected and adapted 
to wide or narrow boxes or other 
units which it is to carry. Al- 
though this is not entirely new, no 
conveyors of this type have been 
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manufactured for a number of 
years until recently. 

One use for conveyors which has 
become more common in the last 
few years is to provide long con- 
veyor systems so that goods may be 
loaded on the conveyors and remain 
until used. In this way the con- 
veyor section acts as warehouse 
storage space. One concern uses a 
four-floor spiral for this purpose. 

An example of the extensive use 
to which conveyors are being put in 
manufacturing and assembling 
processes is shown by an installation 
of eighty-seven conveyor systems in 
six plants of the Fisher Body Cor- 
poration during the past year. The 
automobile bodies are carried 
through the building, painting, dry- 
ing and trimming operations and on 
to the shipping department by con- 
veyor. In some cases the bodies are 
transferred from one conveyor line 
to another by hand. At other 
places this is done automatically as, 
for example, by the tray elevator, 
as shown on page 86. 

As the lubrication of a conveyor 
system is one of the important fac- 
tors in its effective operation, one 
of the companies has devised a spe- 
cial grease gun for this purpose. 

To meet the industrial demand for 
yard service work some concerns 
have added to their line locomotive 


b 


— — — x — 


» 


13 


INDUSTRIAL ENGINEER 


cranes provided with crawler or cor- 
duroy mountings so that they are 
not dependent upon railroad tracks 
or even upon a solid roadway for 
locomotion. These may be operated 
by either gas or electricity and are 
arranged to use either magnets, 
grab buckets or crane hooks, for the 
variety of work which they are re- 
quired to handle. An installation of 
this kind is shown on page 86. 

To aid industrial plants in the 
handling of coal, ashes and other 
loose material around the plant, 
either for transferring it a short 
distance or elevating it on trucks 
or piles, one company has built a 
standardized, portable-belt conveyor. 
This may be used in series to feed 
others and transfer coal some dis- 
tance. Ordinarily, this is placed 
with the loading end at the dumping 
place of a gondola and the coal is 
shoveled into the conveyor. This 
elevates the coal into a truck which 
hauls it to its destination. These 
conveyors are driven either by an 


Using a belt conveyor to assemble 
radio parts. 


Each worker does his or her task on a 
radio part and throws it back on to the 
conveyor. A special arm slides it off at 
the next worker who performs the next 
task and again throws it on the con- 
veyor and so on down the line. When 
finished, inspected and boxed it is 
thrown into the center section which 
carries the box to a cross conveyor at 
the far side of the room. This carries 
the box to the storeroom. 
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electric motor or a gasoline engine, 
as desired. This was described on 
page 369 of the July, 1923, issue of 
INDUSTRIAL ENGINEER. Another 
heavier model of somewhat greater 
length has been produced during the 
past year by still another concern. 
One development has been a slatted 
pulley which is used at the lower end 
to prevent loose material from wedg- 
ing in between the pulley and belt. 

Although stackers or pile eleva- 
tors are not new, there has been suffi- 
cient demand for an additional type 
being produced during the past 
year. This is a self-propelling unit 
and is constructed to deliver the 
bags or bales of material from 
about 6 ft. in height to a maximum 
height of 25 ft. It will handle about 
500 bags per hour, and may be used 
for either piling or breaking down 
a pile. This stacker raises and low- 
ers its boom by power and also is 
run backwards and forwards by its 
own power, supplied by a gasoline 
engine or an electric motor. 

The developments and extensions 
of material-handling equipment dur- 
ing the past year have affected prac- 
tically all lines of industrial activ- 
ity. It would be astounding to 
count the number of times material 
is handled in the ordinary shop and 
estimate the total weight in all those 
handlings from the time the raw 
material is received until it is finally 
shipped out. Making these move- 
ments by hand costs money and in 
most cases can be done more eco- 
nomically by some form of mechan- 
ical equipment. 


EDITOR'S NOTE: Special acknowledgment is 
made to the following companies for their 
assistance in furnishing information on 
material-handling equipment: American 
Engr. Co., Philadelphia, Pa.; The Automatic 
Transportation Co., Buffalo, N. Y.; Barber- 
Greene Co., Aurora, III.: The Baker R. & L. 
Co., Cleveland, Ohio; The Brown Hoisting 
Machinery Co., Cleveland, Ohio; Clark 
Tructractor Co., Buchanan. Mich.; Cleve- 
land Crane & Engr. Co., Wickliffe, Ohio: 
The Crescent Truck Co., Lebanon, Pa.: 
Cowan Truck Co., Holyoke, Mass.: Cutler- 
Hammer Mfg. Co.. Milwaukee, Wis.; The 
Dow Co., Louisville, Ky.; Economy Engr. 
Co., Chicago, III.: The Elwell- Parker Elec. 
Co.. Cleveland, Ohio; Eleveyor Industrial 
Brooklyn, N. Y.; Sprague 
General Electric Co.. 
The Godfrey Conveyor 
Co., Elkhart, Ind.; The Jeffrey Mfg. Co.. 
Columbus, Ohio; Industrial Works, Bay 
City, Mich.: The Lamson Co., Syracuse. 
N. V.: Lewis-Shepard Co.. Boston, Mass.: 
Link-Belt Co., Chicago, III.: Mercury Mfg. 
Co., Chicago, III.: Motorbloc Corp., Summer- 
dale, Philadelphia, Pa.; New Jersey Foun- 
dry & Machine. New York City; Ohio Elect. 
* Controller Mfg. Co., Cleveland, Ohio: 
Pawling & Harnischeger Co.. Milwaukee. 
Wis.; The Plimpton Lift Truck Corp.. 
Stamford, Conn.; Shepard Electric Crane & 
Hoist Co., Montour Falls. N. Y.; The Silent 
Hoist Co., Brooklyn, N. Y.; The Stamp Elec- 
tric Hoist Co.. Cleveland, Ohio: Standard 
Conveyor Co.. North St. Paul. Minn.: Stue- 
bing Truck Co.. Cincinnati. Ohio; Terminal 
Engr. Co., Inc., New York City: Trucson 
teel Co., Youngstown. Ohio; Whiting Corp.. 
Harvev. III.: Wright- Hibbard Industrial & 
lec, Truck Co., Inc.. Phelps. N. Y. The 
Vale & Towne Mfg. Co.. Stamford. Conn. 

The H. Zeering Mfg. Co.. Cincinnati, Ohio. 


Hoist Division, 
Schenectady, N. Y.; 
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ETAILS of an instal- 


A Time and lation have recently 
Place for come to our attention 
Good Judgment which show how easy it is 


to make a simple job a 
hard one. 

A pump, driven by a general-purpose motor with 
automatic control, was installed in a room where the 
temperature is unusually high. Inasmucb as the con- 
troller had barely sufficient capacity for the motor 
under ordinary working conditions, the high operating 
temperature caused overheating of the controller con- 
tactors. To correct the trouble, circuit breakers were 
installed immediately ahead of the controller and a knife 
switch was provided to shunt the controller after the 
motor was started. The knife switch and controller 
were interlocked so that neither could function at the 
wrong time. Shortly afterwards it was found that 
failure to provide a no-voltage release for the circuit 
breaker left the motor subject to serious injury when 
the power came on, after interruption of service. 

This case is mentioned in order to emphasize three 
points. First, an adequate margin of rating is essen- 
tial under varying service conditions. Second, even in 
simple applications such as the above, a complete analy- 
sis of service conditions should be made. Third, when 
a makeshift is used, care must be taken to see that it 
does not introduce some new element which may en- 
danger the entire application. Many a superintendent 
spends nights worrying about an incorrect mechan- 
ical or electrical application that could have been pre- 
vented by proper knowledge of the service conditions. 


——_—<>—_ 


FTER an industrial 

works is built and 
fully equipped the elements 
of production are three: 
material, labor and power 
service. In the past much 
attention has been paid, and definite figures have been 
compiled, to indicate the best balance of material ex- 
penditures and labor expeditures, but it is only recently 
that proper attention has been directed to power serv- 


Material. 
Labor and 


Power Service 
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ice as a part of capital account and operating expense. 
In those cases where investigations have been made, 
however, some interesting revisions of what heretofore 
seemed a good balance of material and labor expendi- 
tures have been brought about. 

Power service today in plants that are converting 
raw materials into finished products on a satisfactory 
margin of profit, includes the correct combination of 
electrical and mechanical drives and control at ma- 
chines engaged in production operations, and moving up 
to and taking away of materials worked on without 
loss of production time by the men working on these 
machines. It includes the providing of light suitable in 
intensity to the operations performed and the speed at 
which the operator can work without spoilages and re- 
jections, adequate facilities for transportation of semi- 
finished and finished parts between departments, from 
departments to stock and from stock to shipping plat- 
form, the measurement of electrical energy used and 
the regular checking of machine production through 
graphic records to maintain fair loads on machines and 
to catch overloads before breakdowns occur. Finally it 
involves the inspection and maintenance of power-oper- 
ated devices to prevent clogging of the continuous flow 
of materials in production through the electrical or 
mechanical failure or faulty operation of a single unit. 

To this element of production: namely, power service 
and its maintenance, INDUSTRIAL ENGINEER is devoted. 
It is already a problem of large magnitude and will 
grow larger and more important as industrial works 
expand and cover larger area, as departments are added 
and the volume of work in any plant is increased. It 
calls for a practical interpretation by you practical men 
and your co-operation in working out the details of best 
practice. INDUSTRIAL ENGINEER aims to be your hand- 
book and your code of best practice. 


— —— — 


OST new equipment 

originates in one or 
both of two ways: From 
suggestions of users and 
buyers for special equip- 
ment that can be widely 
used, and from ideas of designers in simplifying or im- 
proving existing equipment that can be used in new 
ways or will make present methods less complicated. 
In one case the user justifies the added first cost by the 
economies that are possible, and in the other the maker 
justifies the development and production expense by the 
increase in gross sales that will in a reasonable time 
show an added profit on the lines that are produced. 
No manufacturer can afford to make a device for 
which there is a restricted use except at a very high 
cost to the user, and no user can afford to purchase al] 
apparatus designed and built to meet his special re- 
quirements. Good operating and manufacturing prac- 
tice, therefore, calls for a meeting of users and manu- 
facturers on a common ground of standardization so 
that the most commonly used devices will be available 
at prices that quantity production and wide demand 
make possible. 

The design room, laboratories and work shop of 
the maker are the center where creative ideas take 
on usable forms while the plant and processes of the 
user are the test rooms where the needed improvements 
due to natural wear and tear, avoidable carelessness 


Pass This 
Issue 


Around the Works 
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and rough treatment from handling by men unfamiliar 
with the theoretical or technical features of operations 
come to light and call for changes and improvements 
that make a scientific idea of practical use. A deli- 
cate watch mechanism in a glass case free from dust 
and vibration performs quite differently when carried 
in the pocket of a workman in a cement mill, for in- 
stance. In other words, the surroundings and use of 
an operating mechanism determine the service that 
can be expected of it. So it is in industrial work; the 
things that are new today in principle or application 
represent the thinking and needs of a few, perhaps, 
and will become permanent and widely used through 
the combined efforts of all who see the economies of 
the future that the introduction of these new ideas will 
bring about. 

This issue of INDUSTRIAL ENGINEER is devoted to 
new developments of manufacturers and the details of 
new applications of standard types for the benefit of 
users who are working along specialized lines of plant 
production and have the accumulated knowledge of 
experience that will enable them to locate the facilities 
and thinking on the part of manufacturers who are 
now in a position to take up new requirements in their 
particular plants or apply some existing equipment 
that fits a need that heretofore might have been un- 
discovered or waiting for some phase of the new 
developments that are now mentioned by the manufac- 
turer. Such an inventory of new ideas and new equip- 
ment goes hand in hand with an inventory of wastes 
and deficiencies of existing equipment in industrial 
work, particularly in those plants where the useful life 
of existing equipment is practically spent. We shall 
make this inventory of new ideas in equipment and its 
application once every year and we suggest that you 
pass this issue around the works among those who are 
interested in better methods and equipment and then 
find a permanent place for it where it will be handy 
for frequent reference during the year. 


— — 


VERY JOB has con- 

nected with it more 
or less detail or routine 
work which must be thor- 
oughly mastered if the job 
as a whole is to be suc- 
cessfully handled. Mastery of this detail work is, 
however, distinctly a means to an end, and not an end 
in itself. Failure of executives to make good in their 
positions can, in many instances, be traced to the fact 
that they did not recognize and apply the principles of 
this truth to their work. 

When one becomes too much engrossed in the 
details of a job he is almost certain to lose sight of its 
real purpose and scope. Then the ability to do construc- 
tive work is greatly reduced. It is very easy to get so 
wrapped up in the methods employed in doing a job that 
the results are overlooked. Methods are, of course, an 
important element in the success or failure of an under- 
taking and should receive all of the attention necessary 
to make sure that they are adequate for the job in hand, 
but after all, results are what count. They are the 
yardstick by which the work of every one of us is 
measured. 

It is a good idea once in a while to analyze your 
job and your attitude towards it. Without an occa- 


When You Can’t 
See the Forest 


For the Trees 
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sional survey of this nature you may unconsciously get 
so close to your job that, as someone expressed it, “you 
can’t see the forest for the trees.” 


——__<-___—_- 


HIS is an every-day 

and every-night prob- 
lem in the minds of every 
plant manager and super- 
intendent who takes his 
job seriously and although 
he may do a little better this year than last, he will 
never be just Satisfied. A man of large vision, initi- 
ative and with an ambition to make his experience count 
for all it’s worth, is never just satisfied. That’s why 
he’s a leader of men and is placed in that position. 
America is proud of these men and we have them in 
goodly numbers—they don’t just happen, they come 
in most cases from the rank and file and they get 
to where they are by dogged persistence and that con- 
fidence in experience and ability that we all have, 
but sometimes fail to show, because some of us are 
less aggressive in our methods and don’t know just 
how to push our ideas to proper recognition at the 
right time and in the right place. 

But just as a cunning general is not an army and 
an army without a general is as uncontrollable as a 
mob, so in industrial work there is a place for every 
man when every man is in his right place. It’s the 
finding of that place that counts just as much and per- 
haps more than a title and the responsibilities that go 
with it. For after all, results count and each and 
every one of us can get better and larger results in the 
job we now have if we spend all our time in that direc- 
tion and stop worrying about the job and results of the 
other fellow. When you get to know him, you will find 
that he has his own troubles, too, and the roses that 
lie in his path have the same kind of thorns, that prick 
just as deeply as those that you run into now and then. 

So when the boss talks about increasing produc- 
tion and decreasing cost don’t think he is trying to 
find a way to eliminate your job or cut your salary. In 
ninety-nine cases out of a hundred he is inviting you 
to show the leadership you possess on your job and 
giving you the opportunity to do something that you 
have been waiting for. This opportunity will not come 
headed by a brass band—it slips up quietly and hangs 
around you in one form or another all the time. It’s 
like the radio waves these days. Anyone can tune in 
the strong signals, but to bring in the weak signals 
you have to have the proper receiving equipment, a 
lot of patience and stay with them until all at once— 
in they come. 

Plant managers are determined to make more 
money this year than last. They made enough last 
year to spend a little this year to still increase the net 
without working overtime and taking on more business 
than can be handled with the equipment available. If 
you are down where the wheels go around vou are the 
man who knows how to get a little more out of the 
machines now in operation, how to prevent interrup- 
tions and breakdowns that cost money, how to im- 
prove existing methods to save time and how to stop 
the leak or the trouble that has happened repeatedly on 
a particular group of machines at the wrong time. 
That’s your opportunity today—go to it, tune it in. 
You can do it if you think you can and won’t give up. 


I ncreasing 
Production and 


Reducing Costs 
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Who Can Answer 
These? 


Winding Data for Transformer of Rec- 
tifier—Can some reader of INDUs- 
TRIAL ENGINEER tell me how many 
turns there are on the transformer of 
a 5-amp. Tungar rectifier? I disman- 
tled my rectifier sometime ago and 
have lost the winding data. 
Valparaiso, Ind. A. T. M. 
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Simple Thermostat for Electric Oven— 
I should like to have some reader tell 
me how, and of what metal, to make 
a simple thermostat that can be ad- 
justed. This thermostat will be used 
on an oven that will be heated to 
temperatures ranging from 212 deg. 
F. to 1,000 deg. F. and at no time 
will the current: exceed 250 volts and 
5 amp. I want to use this thermo- 
stat also for indicating by connecting 
it to a lamp circuit. J. G. B. 
Masontown, Pa. 
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Effect of Armature Coil with Reversed 
Polarity—Sometime ago this question 
was raised in our shop: Will a re- 
versed polarity coil in an armature 
burn out while running, or what 
effect will it have on the armature? 

I contend that in order to burn out 
a coil a heavy current must flow in 
that coil, which could only be caused 
by a short circuit. As all coils are 
connected in series, current of the 
same amount would flow in each; if 
one were reversed it would oppose 
the action of the others and having 
only the same amperage through it 
as the others it could only oppose 
with the strength of one coil, and 
would neutralize one armature coil. 

I should like to hear from some of 
the readers of INDUSTRIAL ENGINEER 
on this question. 
McKeesport, Pa. 

R „ X * 


Portable Electric Grinder Lacks Power 
—JI shall appreciate it if some of our 
readers will answer the following 
questions. I have a_ single-phase 
portable grinder which has two wind- 
ings, starting and running, but the 
motor does not seem to have suffi- 
cient power when grinding. I should 
like to know if this motor could be 
re-connected for three-phase opera- 
tion, eliminating the automatic cut- 
out on the rotor. The motor has 
twenty-four slots 5% in. deep and 516 
in. wide. The iron back of the slots 
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question that you can 
answer from vour ey- 
perience. 
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and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. 
you do a good turn to the other fellow when he asks a 
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is 3% in. thick. Inside diameter of 
stator is 3% in., length of stator 2% 
in., diameter of rotor 3%, in. If this 
change is possible, what size wire and 
how many turns should be used and 
what will the pitch be? I should like 
to have it operate at 3,600 r.p.m. 

I have a small blower motor which 
operates at 220 volts direct current, 
and wish to change it to operate at 
110 volts direct current. Will I have 
to reconnect the armature or should 
it be entirely rewound? The commu- 
tator has twenty-four bars and the 
armature has twelve slots. 

Medina, Ohio. C. F. N. 


x * k * 

Protecting Wires from Mechanical In- 
jury—How should the 5-ft. stretch of 
wire from floor to switch, shown in 
the accompanying diagram, be run 
for proper protection from mechani- 
cal injury? Knob and tube work is 
used throughout on this job, and the 
wire in question is to be installed in 
an unfinished stairway leading to a 


cellar. 
which to fish the wire. Further, when 
the wall of the stairway is finished 
it is to be back-plastered; so there 
will be no partition even then. I shall 
appreciate it if some reader can tell 
me the best way to meet the above 


There is no partition through 


conditions. 
Concord, Mass. D. F. 
* k X * 

Construction of Alternating - Current 
Magnet—What information can the 
readers of INDUSTRIAL ENGINEER give 
me about making a coil for an a.c. 
magnet to operate on 110 volts, 60 
cycles? This magnet should be able 
to lift about 2 lb. and will be con- 
trolled by a float switch, which will 
open and close the circuit. I should 
like to know what kind of core would 
be best, and the amount and size of 
wire required. Which would be bet- 
ter, a long coil or a short one? I 
shall appreciate it very much if some 
reader can give me this information. 
Pembroke, Ont., Can. G. B. A. 


The only restriction is that 
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Questions Asked m 


Answers Received 
To Questions Asked 


With reference to the trouble ex- 
perienced by R. I. G. with two port- 
able electric drills, as reported in 
the December issue, I would suggest 
that he check up the following 
points: (1) Is the frequency of the 
circuit correct for the drills? (2) 
Are the field coils all of the proper 
polarity, that is, north, south, and 
soon? (3) Are the fields connected 
in series when they should be in par- 
allel for 110 volts? (4) Has the 
stator shifted in the casing, thus 
throwing the brushes out of line? 
This is a very likely cause of the 
trouble and can be checked by mov- 
ing the front bracket around a lit- 
tle at a time and checking the speed 
at each setting. Use a C clamp to 
hold the bracket while testing. 

If the trouble cannot be located 
in the above manner it would prob- 
ably be best to send the two drills 
back to the manufacturers. 

Detroit, Mich. A. C. ROE. 
* + * * 

In answer to one of H. C. s ques- 
tions in the October issue, I am 
giving a quick method that I have 
used for removing the coils from 
partially - closed - slot armatures. A 
pry, made from a piece of pipe, has 
a slot cut in one end large enough 
to fit over the number of wires of 
the coil which is to be removed from 
the stator. After obtaining sample 
coils and checking the connections, 
all of the coils on the side where 
the jumpers are located are cut close 
to the slot with a pair of diagonal 
pliers. The stator is then laid flat 
on this side and the slot in the pry 
inserted in the loop of a coil. The 
coil may be easily pried out, using 
a block of wood for the heel of the 
pry when necessary. A stator or 
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armature can be stripped very easily 


in this manner. S. H. SAMUELS. 
San Francisco, Calif. 
R X «& + 


Trouble with Balance Coils on Lighting 
Circuit—I recently had trouble with 
a lighting circuit which was to be 
supplied by a 440-volt, 60-cycle gen- 
erator. We wanted to get 110 volts, 
but the only apparatus available to 
make this change was two Westing- 
house balance coils, built for reduc- 
ing 220 volts to 110 volts. Numer- 
ous connections were tried, such as 
hooking up the two coils in series 
across one phase of the 440-volt lines, 
but the balance coils just would not 
balance the load. One circuit would 
receive about 150 volts, while the 
other would show only 85 volts. 

Can anyone who has had wider 
experience than I in this line suggest 
a way to make these coils work to- 
gether? Or can you tell me just 
why they will not work? 
Smackover, Ark. W. N.T. 


In reply to the question askcd by 
W. N. T. in the November issue of 
INDUSTRIAL ENGINEER, I would say 
that two balancer coils as described 
cannot be operated in series to give 
balanced voltages unless the loads 
are balanced as to the coils and are 
all equal, in which case, of course, 
there would be no object in using 
the coils. The difficulty lies in the 
fact that you have two separate mag- 
netic circuits. With loads on one 
coil and not on the other, the un- 
loaded coil acts only as an imped- 
ance, in which case the voltage 
across the unloaded coil will vary 
according to the amount of current 
being drawn through it. I do not 
know of any way in which two such 
coils can be successfully used for 
the purpose. D. C. HERRICK. 


Electrical Engineer, 
National Lamp Works of G. E. Co. 
Nela Park, Cleveland, Ohio. 


* * * * 


Path Followed by Current in D. C. Gen- 
erator—I wish some reader would 
show by a diagram the commutator 
connections and the path followed by 
the current in a direct-current gen- 
erator which has two poles, 29 seg- 
ments, 15 slots and 15 coils with a 
winding pitch of 1 and 4. The ma- 
chine has two brushes set at 90 deg. 
I removed a short circuit from the ar- 
mature of this machine and after- 
wards drew a diagram to trace the 
current. Owing to the winding pitch 
I failed to get the right direction of 
current flow for each coil. I have 
had considerable experience in wind- 
ing d. c. and a. c. machines but this 
is the first time that I have seen a 
machine of this design. 

Libby, Mont. J. Q. W. 


In the October issue of INDUS- 
TRIAL ENGINEER J. Q. W. asks for 
the commutator connections and the 
path followed by the current in a 
two-pole, direct-current generator. 
I believe that the accompanying dia- 
gram will give him this information. 
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This is a wave winding and has 
only two current paths in parallel 
between brushes, regardless of the 
number of poles. It is necessary to 
use only two sets of brushes for a 
machine of any number of poles, al- 
though commutation is better when 
the number of brushes equals the 
number of field poles. 


Path followed by current in two- 
pole, direct-current generator. 


The wave winding is used in small 
and medium-sized machines where it 
is desired to keep the number of 
coils as small as possible. 

Albany, Ga. B. BELCHER. 
* & & ** 


Testing and Balancing Small Rotors 
I wish some reader of INDUSTRIAL 
ENGINEER would tell me how to test 
small rotors for all defects which 
would cause them to run hot. Will 
someone also tell me what is the best 
way to balance a rotor? 

Vincennes, Ind. R. M. 


R. M. asked in a recent issue 
about a way to test and balance 
small rotors. We test small wound 
rotors for shorts with a growler and 
piece of tin. For opens and grounds 
we use a test lamp. If the rotor has 
both starting and running coils, the 
leads for these windings must be 
separated when testing for opens and 
grounds. 

For balancing the small rotors 
we use two steel rules or scales set 
up on edge in two wooden blocks and 
put the bearings of the rotor on the 
edges of the scales. The heavy side 
of the rotor always goes to the bot- 
tom. Small weights can then be ad- 
ded to the light side, to balance the 
rotor. GEORGE RINGNESS. 


Peoria, III. 
R t+ ë * 


In answer to R. M. in a recent 
issue, about testing small rotors for 
defects that will cause them to run 
hot, very common causes of trouble 
are an overload, loose rotor bars, 
worn bearings, and, in some cases, 
too low or too high frequency, or 
too low or too high voltage. 

To test for loose bars, tap each 
bar with a small hammer and notice 
if there is a difference in the sound 
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obtained from some of the bars. If 
the rotor is in good condition it will 
sound the same all around. Another 
way is to put the motor in a dark 
place, start it and when it is up to 
speed reverse the direction of rota- 
tion quickly. This will cause an ex- 
cessive amount of current in the ro- 
tor and if any bars are loose sparks 
will be seen inside the motor. 

If the rotor is not in proper con- 
dition have the bars welded, or 
resoldered, if it is a fractional-horse- 
power motor. In case of an over- 
load remove load until the motor is 
working at its horsepower rating. 

To balance a rotor put it on bal- 
ancing wheels; see that the shaft is 
perfectly smooth and that there is 
no dust or dirt on the shaft or 
wheels. Give it a little start and 
when it comes to rest the heavy side 
will, if the rotor is out of balance, 
be at the bottom. Put metal on the 
top or light part of the rotor until it 
will stay in any position in which it 
is placed. P. P. SCRIBAUTE. 


San Francisco, Calif. 
* + „* 


* 

In the question by R. M. in a 
late issue, I presume that he re- 
fers to induction motor rotors. The 
cause of such a rotor running hot 
may be due to several things and 
may not be the fault of the rotor at 
all. Core loss is one of the main fac- 
tors and is serious on small motors 
where the air gap is very small and 
where proper precautions are not 
taken in the design of the stator 
core or stator teeth. It is for this 
reason that good makes of such mo- 
tors have what is called closed slots, 
or on larger sizes magnetic bridges 
are used so that the magnetic flux as 
it enters the rotor is spread out 
more uniformly. The rotor core 
should be laminated and all electri- 
cal contacts between rotor bars and 
end rings should be good. If the 
rotor winding is defective the ma- 
chine will have an uneven torque 
which will be noticed at starting by 
the motor not pulling the load or by 
the uneven hum of the machine as it 
speeds up. Such defects in the rotor 
winding can easily be detected by 
applying a low voltage to the stator 
and noticing the current on an am- 
meter while the rotor is slowly 
turned around by hand. If the rotor 
winding is not uniform, due to un- 
soldered or broken bars, the current 
in the stator will vary considerably 
as the defective bars pass under the 
poles. For such a test single-phase 
or polyphase current can be used, 
but the ammeter need be placed in 
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only one phase. Any voltage that 
will give a good reading is all right. 

To R. M.’s last question, I would 
say that the rail method of balanc- 
ing is by far the easiest for all or- 
dinary rotors and if care is taken it 
is quite satisfactory for ordinary- 
speed machines. The main fault 
with rail balancing is that it does 
not indicate on which end of the ro- 
tor to place the weight, which is im- 
portant for very good balance. When 
a rotor so balanced does not show up 
good on running, it should be placed 
in a lathe and carefully watched for 
such defects as a crooked core or 
other lack of uniformity in such 
parts as the end rings or flanges. If 
such defects are noticed they must 
either be removed or weights added 
to counterbalance them. 

PHILIP G. BERNHOLZ. 
East Orange, N. J. 
* * * * 

In his question in a recent is- 
sue, R. M. does not say whether he 
is referring to wound or squirrel- 
cage rotors. Wound rotors will heat 
from overload, worn bearings, loose 
connections in the commutator and 
a loose or dirty short-circuiting ring. 
Squirrel-cage rotors will heat from 
overload, worn bearings, and loose 
connections of bars in the end rings. 
Low voltage will cause both types of 
rotor to heat. 

When balancing small rotors I find 
out, by any of the usual methods, 
which is the heavy side and then fas- 
ten on the opposite side enough 
small pieces of brass to balance the 
two sides. Another method which 
I have sometimes used is to drill 
small holes on the underside of the 
bars on the heavy side of the rotor. 
Albany, Ga. B. BELCHER. 

* * * * 


In answer to the question by 
R. M., in a late issue, we presume 
that he is referring to squirrel-cage 
rotors used in induction motors. We 
find that many of the older type 
rotors run hot and do not pull their 
load, due to some of the bars com- 
ing loose from the short-circuiting 
end rings. Sometimes this condition 
is not visible and the rotor is appar- 
ently in good condition. Our method 
of locating this fault in the ease of 
a two-phase or three-phase motor is 
to pass a single-phase current of 
about half-voltage through one phase 
of the stator winding with an am- 
meter connected in series. The am- 
meter will show a reading and by 
turning the rotor over by hand very 
slowly the reading will be constant 
in the case of a good rotor, but will 
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fluctuate with a rotor which hab open 
circuits in the bars. We use acety- 
lene welding to repair rotors with 
loose bars as this makes a permanent 
repair job. In the case of split- 
phase motors the starting winding 
should be disconnected from the cir- 
cuit when the ammeter test men- 
tioned above is made. 
KOONTZ Bros. ELECTRIC Co. 
South Bend, Ind. 
* * * * 


How Do You Explain Operation of 
Variable-Speed Induction Motor?—I 
would like some help from readers of 
INDUSTRIAL ENGINEER on the follow- 
ing questions: (1) In a variable- 
speed induction motor how does the 
rotor cut down the speed when the 
field is revolving at full frequency 
speed? Please explain briefly the the- 
ory. (2) Why are the slots in a 
Westinghouse 30-hp. rotor on a con- 
siderable slant instead of straight 
across and parallel to the shaft? 
Chicago, Ill. V. 


In a recent issue, V. L. asked, 
(1), how a variable-speed induction 
motor operates. A brief explanation 
of the principle of the induction 
motor will help to make this subject 
clear. It is understood that the re- 
volving field set up in the stator or 
primary winding induces an electro- 
motive force in the secondary or ro- 
tor winding and that the current 
flowing in the rotor circuit depends 
upon the rotor circuit resistance dis- 
regarding the rotor counter e.m.f. 

At no-load the rotor will run at 
nearly the same speed as the field, 
the frequency of the rotor magnet- 
ism will be practically zero and there 
will be very little torque developed. 
When a load is put on the motor the 
speed of the rotor in r.p.m. falls, 
thus causing a slip or difference be- 
tween the speed of the field and the 
rotor. This slip increases the fre- 
quency of the rotor circuit; this in 
turn increases the e.m.f. of the rotor 
thus causing more current to flow 
in the rotor, which in turn produces 
enough torque to pull the applied 
load. This process would continue 
until the pull-out torque of the mo- 
tor is reached. In the above ex- 
ample it was the applied load that 
caused the speed to drop. The drop 
in speed runs 3 to 712 per cent. 

From the above it follows that the 
resistance of the rotor limits the 
amount of current; that the e.m.f. 
necessary to force this current 
through the rotor depends upon the 
frequency of the rotor magnetism 
and that the speed is susceptible to 
a change in the rotor resistance. 
Take the case of a slip-ring motor 
working against a constant torque. 
If resistance is inserted in the rotor 
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circuit a higher e.m.f. in the rotor is 
necessary to force the required cur- 
rent through to keep the torque con- 
stant, the rotor drops off in speed, 
thus increasing its frequency and 
its e.m.f. If the slip at a given 
torque and rotor resistance is 15 per 
cent, then the slip will be 30 per 
cent if the resistance of the rotor 
circuit is doubled. Therefore, in- 
creasing the resistance of the rotor 
circult decreases the speed and de- 
creasing the resistance increases the 
speed. This change in speed is 
brought about by transformer action 
between the primary and rotor. 

(2) The slots of induction motor 
rotors are skewed or slanted to pre- 
vent dead spots. In some of the old 
motors where the ratio of stator to 
rotor teeth was not within certain 
limits there were dead spots; that 
is, when the rotor stopped in certain 
positions it could not be started 
again without turning it slightly. 
Detroit, Mich. A. C. ROE. 

* * * *＋ 


Preventing Corrosion of Iron Storage 
Battery Racks—I should like to ask 
your readers what treatment can be 
given to iron racks for storage bat- 
teries which will prevent the spilled 
acid from attacking the iron. We 
use the lead type of battery filled 
with dilute sulphuric acid. We have 
a large number of storage batteries 
and recently some iron racks have 
been constructed. All of these racks 
were painted with several coats of 
the best grade of asphaltum black 
paint but this does not protect the 
iron when acid is spilled on it, nor 
does any kind of paint that I have 
tried. 

We have had considerable trouble 
due to the corrosive effect of the acid 
forming a substance resembling sand 
which falls into the jars below. This 
produces excessive iron in the solu- 
tion, making a change of acid neces- 
sary. I shall appreciate it if anyone 
can tell me how to overcome this. 
Atlanta, Ga. J. B. 


Referring to the question by J. B. 
in a recent issue, there is on the 
market a protective medium known 
as Gardco which is very resistant to 
the action of acids, acid fumes and 
brine. In direct tests it has been 
subjected for hours to steam and the 
fumes of muriatic and nitric acids 
and was only slightly affected. I 
have had on my desk for more than 
two hours a sheet of tin covered 
with this product on which there 
were placed three drops of sulphuric 
concentrates and it showed hardly 
any effect. I believe it would be 
worth while for J. B. to try out this 
product and he can satisfy himself 
very quickly through his own tests 
whether or not it will solve his 
problem. IRA D. LOCKWOOD. 
Buffalo. N. Y. 


February, 1924 


INDUSTRIAL ENGINEER 


Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Easy Method of 
Building Machine Belt Guards 
to Fit Conditions 


RACTICALLY every machine 

must have some form of guard 
around an open belt. These require- 
ments are specified by the insurance 
companies and by the state factory 
inspection bureaus. Because of the 
wide variation in sizes and angle of 
inclination of belts, it is frequently 
difficult to purchase guards ready 
made for all locations, and so it is 
common practice in a large number 
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A three-sided guard 
for a vertical belt. 


of industrial plants to make the 
guard to fit conditions. One com- 
mon method is to use sheets of ex- 
panded metal (North Western Ex- 
panded Metal Co., Chicago, Ill.) 
which are held together by angle- 
irons. How this may be done is 
shown in the two accompanying 
sketches. Both of the guards shown 
are common types and well indicate 
the possibilities. 

When making guards for vertical 
and inclined belts, one side of the 
belt is frequently protected by the 
frame of the machine and so a three- 
sided guard is all that is necessary. 
Ordinarily, when three-sided guards 
are used, and the oil holes are inside 
the guard, it is necessary to provide 
a door. The common practice is to 
have the guard attached to the floor 
and to the machine frame with bolts 
or thumb screws. In such cases 
where it is necessary to get at the 
pulley or belt for repairs, the com- 
plete guard can be easily removed. 

In case a four-sided guard is used, 
it is usually necessary to provide one 
removable side or door. The door 
as shown in the accompanying illus- 
tration is but little more expensive 
than the removable side and gener- 
ally is recommended. Short-length 
doors are recommended as they are 


These sketches show how guards 
may be built up for belts. 


After the expanded metal is cut to 
shape, the edges are fastened together 
by angle-irons, which also act as a 
framework to support the entire con- 
struction. The sketches show the con- 
struction of both the vertical and the 
inclined guard. Care must be used in 
constructing inclined belt guards so 
that ample clearance is allowed for the 
flap of the belt on the loose side. 
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stronger and brace the guard more 
easily than is possible with a full- 
length door. If the whole side is 
removable, the edge of the expanded 
metal is fastened by U-edging and 
bolted to the frame work of the 
guard. Doors are also made with 
U-edging and hinged to the angle- 
iron framework. 

For ordinary work, the expanded 
metal sections after being trimmed 
to size and shape by a chisel or a 
shear, are fastened to the angle-iron 
framework by bolts and small plates 
as shown in C of the accompanying 
illustrations. Two methods of fas- 
tening the frame work to the floor 
are also shown. These expanded 
metal sheets are made up of 18 or 
13 gage sheet with a diamond open- 
ing 1144 in., 2% in., 4 in. or 6 in. 
long. The sheets come in standard 
sizes about 4 ft. by 8 ft. or 6 ft. by 
8 ft. These may be cut into any 
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shape and fastened together with 
angle-irons so as to fit practically 
any conditions. In plants where 
these expanded-metal guards: are 
made up to fit the job quantities of 
these sheets, angle-irons and U-edg- 
ings are kept on hand and cut ac- 


cording to specifications for any 


particular guard. 


Simple Method of 
Installing Anchor Bolts for 
Bedplates and Machines 

T IS comparatively difficult and 

impracticable to place or set an- 
chor bolts rigidly in concrete foun- 
dations accurately to fit. the corre- 
sponding holes in slide bases, bed- 
plates, and electrical apparatus. To 
overcome the many difficulties en- 
countered in providing 4 concrete 
foundation with the necessary an- 
chor bolts accurately placed for any 
equipment, the following method has 
been found very satisfactory, eco- 
nomical, and practical. 

The layout of the anchor-bolt holes 
is obtained from a blueprint or 
measured directly on the apparatus 
to be installed. The centers are laid 
out on the foundation, and a square 
hole chipped out, the size and depth 
depending upon the size of bolts 
used. If a new foundation is to be 
built the holes can be provided for 
by setting square or rectangular 
forms in the desired location when 
pouring the concrete foundations. 

‘The illustration below shows a 
cross section of a foundation and in- 
dicates the method of placing the 
anchor bolts in the bedplate of a 
printing-press drive equipment. The 
10-in. square by 8-in. deep holes are 
provided at the time the foundations 
are made and are used for a 1¥%4-in. 
anchor bolt. The printing-press drive 
is placed on the concrete foundation 
about 34 in. to. 1 in. above the rough 
concrete surface and is accurately 
aligned and leveled by means of the 
elevating screws A. 

The anchor bolts are put in place 
in the bedplate lugs and suspended 
in the hole as indicated. When the 
equipment has been leveled, a box- 
like frame is built around it which is 
filled, together with the anchor bolt 
holes, to about 1 in. above the bot- 
tom of the bedplate with a mixture 
ee 


How a bedplate for a printing- 
press paper-reel was set. 

This must be set very accurately. The 
sketch shows how the anchoring was 
done and the ample provision for ad- 
justment. This method of placing 
anchor bolts has been used satisfac- 
torily on a variety of equipment. 
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One method of installing anchor 
bolts. 

A rectangular hole, 
take the two anchor bolts is left in the 
foundation. The heads of the bolts are 


large enough to 


the strip of 


prevented from ‘turning bi : ae 
s carefully 


angle iron. After the ra 
placed and lined up the rectangular 
opening is filled with cement. Sufficient 
space is left for grouting. 


Pe ee 
consisting of cement with one or two 
parts of sand. After 24 hr. the 
wooden frame can be removed and 
in three to six days later the equip- 
ment may be put into service. 
Another method of anchoring slide 
rails or bases for motors is to use a 
standard bolt with a piece of angle- 
iron as an anchor and also to prevent 
the bolt head from turning. This 
can be set in the foundation or in a 
box opening and grouted in after- 
ward. The two sketches above show 
how a slide-rail for a motor or other 
machine may be set by this method. 
The magazine paper reels as 


34" to l For Adjustment 
n Leveling 


g Dia Anchor Bolt 
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used for feeding newspaper printing 
presses, installed underneath the 
presses on concrete foundations, 
were installed by the above method. 
The anchor-bolt holes were all laid 


out from the blueprint plan and the 


anchor-bolt holes provided at the 
time the basement floor and founda- 
tions were poured. These reels must 
be accurately aligned with press 
parts and level, which was easily ac- 
complished because of the variation 
permissible in the shifting of the 
anchor bolt before grouting in per- 
manently. 

In a test a 5¢-in. standard bolt 
with a 3-in. diameter standard bevel 
cast-iron washer was grouted in a 
hole 4-in. square and 6 in. deep with 
a 1 to 2 mixture. After several 
months when the grout and the sur- 
rounding concrete foundation had 
thoroughly hardened, a 20-ton jack 
was attached by means of chains to 
the extending end of the 5%-in. bolt 
with two nuts locked together to 
hold the chain. The pull on the bolt 
was applied gradually with the re- 
sult that the threads stripped, but 
the bolt was not withdrawn from 
its position, nor did it break out the 
foundation. In this case the con- 
crete foundation was 12-in. thick 
and made of a 1-2-4 mixture. 

E. H. LAABS. 


Engineer, Printing Equinment Dept., 
The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Easy Method of 
Increasing Service of Wooden 
Floors Between Renewals 


ACTORY floors, if made of 
wood, wear unevenly where they 
receive the heaviest traffic, such as 
that from trucking or from men 
stepping on or off elevators or other 
places. The ordinary tongue-and- 
groove flooring starts to splinter 
when the board has worn down to 
about one-third of its thickness and 
begins to expose the groove. 
Industrial plants which have 
trouble such as this may use to ad- 


Concrete Foundation Left Rough 
for Grouting 
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This special tongue-and- groove joint enables flooring . 


to be worn down to almost half its thickness before 
the groove begins to splinter and renewal becomes 


necessary. 


vantage the plan adopted by a street 
car company for platforms to meet 
a similar difficulty. These floors 
had been made of 13/16-in. hard 
maple boards 314 in. wide and it had 
often been found necessary to renew 
the flooring because of the wearing 
down to the groove, even though it 
still had sufficient strength. Fin- 
ally, the special tongue and groove 
shown in the accompanying sketch 
was adopted. This enables the floor 
to be worn down to almost half its 
thickness before the groove becomes 
so thin as to be likely to splinter or 
the crack to open up. Industrial 
plants using this flooring for heavy 
trucking would probably use a 
thicker board but could get more 
wear by off-setting the tongue-and- 


groove. rN 


What Wasted 
Air, Steam, Water, Gas and Light 
Cost Per Month 


NE of the most important and 
profitable parts of plant main- 
tenance lies in stopping the wastes 
due to the miscellaneous little leaks. 


A hissing flow of air or steam or 
even a dripping of water from a poor 
joint or worn-out packing in a valve 
or faucet costs money. Because but 
few men engaged in this work real- 
ize the value of these losses it may 
be well to look over the accompany- 
ing table which appeared in “The 
Studebaker Co-Operator” to show 
the workers of The Studebaker Cor- 
poration how these seemingly trifling 
losses mount up, if neglected for a 
month. : 

Water, air, steam, gas and elec- 
tricity all cost money. A number of 
little leaks can easily in the aggre- 
gate, amount to the equivalent of a 
large leak; so it is not always neces- 
sary to have a half-inch opening to 


. make the loss equivalent to many 


times the cost of repair. Some of 
this loss is no doubt due to careless- 
ness, but much of it is due to a lack 
of appreciation of what it means to 
avoid waste even though it may be 
small. Economy comes from many 
little savings more often than from 
a few big ones because if the little 
ones are passed up, there is less like- 


Proper Maintenance Stops 


These Wasting Leaks and Saves These Losses 


Number of cu. ft. wasted per | 
month 100 Ibs. pressure 
Total cost of waste per 
month G 10c per M cu. ft. 
Number of lb. wasted per 
month 100 lb. pressure 

I. 
month O $1.00 per M. lb. 
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Total cost of waste 


„ in. || 17,800,000 |$1,780.00 805,500 3805.50 


9.980.000 998.00 462.000 | 462.00 


4.450.000 203,500 203.50 


1.114.800 56,000 


in. | 278,700 


69,850 


13,000 


Number of gal. wasted per 


month 40 lb. pressure 


1,250,000 


308.000 15 


77,000 : . 10 
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month 4 in. water col. pres. 


M gal. 


Total cost of waste 

month & 9e per 

Number of cu. ft. wasted 
Total cost of waste per mont 
@ $1.00 per M. cu. ft. 
Number of 350 watt Coo 
Hewitt lamps left burning. 
Number of kw.- hr. wasted 
Total cost of waste per 
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692,700 


3780 | 83.50 


2520 | 57.00 


5 | 1260 | 28.50 


5.70 


97 


lihood of the larger savings being 
recognized and taken advantage of. 
Chicago, III. E. D. F. 
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Liberal Use of 
White Paint Helps to Keep the 
Plant Clean 


OME plants, particularly those in 
the food industry, paint the 
equipment white, as well as the walls 
and ceiling, because white shows dirt 
so plainly that there is no excuse to 
overlook it. This same plan was also 
used in the glue room of another 
plant, where the manager took pride 
in good industrial housekeeping. As 
a result the whole room was painted 
white. Now when any glue is spilled 
it shows up so conspicuously that it 
is immediately wiped off before it 
dries and becomes too hard to loosen. 
5 


Red Card 
Indicates That Used Extinguisher 
Needs Refilling 


N THE excitement incidental to 

a fire drill or the use of a port- 
able fire extinguisher, the latter is 
often put back into place without be- 
ing refilled. A practical way to in- 
dicate the need of refilling a used ex- 
tinguisher is to have a strong yellow 
or white envelope, which has printed 
on the outside, “When Used With- 
draw Red Card,” wired to handle. 
The red card within the envelope is 
also attached by a strong cord or 
wire to the extinguisher. With the 
red card in view, the foreman of 
that department will notice it and 
promptly report it to the mainte- 
nance foreman, particularly if he is 
held responsible should the extin- 
guisher be found empty. When the 
extinguisher is re-filled the red card 
is again inserted in the envelope. 

It is a good plan to make a test of 
fire-fighting equipment and person- 
nel about once every two weeks, by 
having an alarm sent in from a dif- 
ferent location each time. In addi- 
tion, it is well to have the electric 
pump operate at full speed, the hose 
run out, the extinguishers brought 
out and tarpaulins transported to the 
scene. Have at least one extin- 
guisher play on the fire.“ It is also 
well to work a chemical hose cart for 
a few minutes. When the fire is out, 
it is well to have the bell system or 
whistle sounded once or twice to in- 
dicate to the foremen that the fire- 
men, who have responded from vari- 
ous departments are now ready to 
return to their work. H. S. RICH. 
New Britain, Conn. 
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Improper 
Alteration of Renewable Fuses 
Causes Trouble 


LARGE manufacturing plant 

was periodically closed down 
due to a failure in the power supply 
through the blowing of a set of re- 
newable fuses. The length of the 
shutdown depended on the length of 
time required to replace the dam- 
aged links. These shutdowns cost 
about $400 in wages of idle men, 
with a loss of production that could 
not be accurately determined. A 
rough estimate would be $2,000 loss 
for each shutdown. At one time 
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Proper and improper method of in- 
creasing capacity of renewable 
fuses. 


In A two 200-amp. links are used to 
make a 400-amp. fuse. As shown in 
B two extra 200-amp. links were used 
to increase the capacity to 800 amp., 
but it was found that this combina- 
tion would carry only about 600 amp., 
as the temperature of the links was 
higher than normal, 


around the works 
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particuiar operating conditions are invited from readers. 
The items may refer to inspection, overhauling, testing or 


special installations. 


For this section ideas and practical methods devised to meet | 
| 
| 
| 


there were four shutdowns in six 
weeks. 

Naturally, the manufacturer first 
blamed the power company. The re- 
sult was that the engineers of both 
companies involved finally made a 
concerted effort to find the cause of 
the trouble. At first the belt on a 
200-hp. synchronous motor was 
blamed, but after a careful investi- 
gation this possible cause was elimi- 
nated. Then underground-cable dis- 
turbances were looked for without 
any definite results. At length, the 
set of renewable fuses was examined 
and the cause of the difficulty found. 
The fuse casing was designed for 
400 amp., and with the addition of 
two extra fusible links an 800-amp. 
circuit was apparently protected. In 
reality, however, such an arrange- 
ment gives only about 600-amp. ca- 
pacity. The illustrations show the 
correct method of inserting the links 
and the incorrect way of raising the 
capacity by adding extra links. 

In Fig. A the heat in the link has 
ample space to radiate in all direc- 
tions, but in Fig. B the two links, 
a and b, are so close together that 
their temperature rises unduly, due 
to the fact that the heat does not 
escape fast enough. Of course, 800- 


amp. fuses should have been used in 
the first place but electricians are 


sometimes prone to alter an existing 


fuse rather than put in larger fuse 


blocks. As a solution of the diffi- 
culty the fuses were replaced by cop- 
per bars and the incoming circuit 
breaker was adjusted to open in 
time to protect the equipment 
against any serious overload. 

New Haven. Conn. HERBERT J. WOLF. 


Construction of 
Simple Electric Water Heater 
for Shop Use 


O FURNISH hot water for 

washing purposes, an electric 
heater which has given good service 
was recently made in the shop of an 
industrial plant. A piece of 6-in. 
pipe, 6 ft. long, was flanged at each 
end and after two outside plates 
were bolted to these flanges, the 
pipe was insulated with two layers 
of scrap mica shellacked on, followed 
by a layer of asbestos tape. After 
this 360 turns of No. 11 asbestos- 
covered wire were wound on the 
pipe, leaving about 14 in. between 
turns. After winding the ends were 
tied down with asbestos tape and 
brought back about 6 in., to prevent 
any mechanical strain on the wind- 
ing. The winding was then plas- 
tered over with a mixture of fire 
clay containing a small amount of 
finely-broken magnesia pipe cover- 
ing. This coating was wrapped with 


A 6-ft. length of 6-in. pipe was 
wound with asbestos-covered wire. 
Overheating is prevented by util- 
izing the expansion of the pipe to 
open the switch at S and break the 
circuit. 
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another layer of 4-in. asbestos tape. 

To prevent damage in case the 
power switch should be left on, the 
expansion of the drum was utilized 
to open the circuit. An oil-treated, 
112-in. by 2-in. maple bar was 
hinged at one end to the drum as 
shown in the illustration. One end 
of the bar was fitted with a steel 
plate which rests on an adjustable 
steel edge, E, supported from the 
end of the pipe. <A copper plate, S, 
was attached to the bar. Above it 
is a small insulating base with two 
spring contacts which touch the 
copper plate on the bar. When the 
bar is held up the circuit is com- 
pleted through this plate. When the 
drum expands the bar drops and 
breaks the circuit. A stop is pro- 
vided, as shown, to prevent the bar 
from dropping too far. 

This switch acts only as a safety 
valve and not as an energy saver. 
It was found that because of the 
hot water rising to the top the 
drum tends to bend, and so the lin- 
ear expansion is much smaller than 
was expected, although it is suffi- 
cient to operate this safety device. 
A test made on the heater before it 
was installed showed that on a 220- 
volt circuit it heated water from 
70 deg. F. to boiling in about 30 
minutes. The efficiency was found 
to be approximately 83 per cent, and 
the power factor 94.7 per cent. 
New York, N. Y. EUSTACE C. SOARES. 
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Two Schemes for Controlling 
Lights from Two Points 


HEN it is required to install 
lights to be controlled from 

two different locations, they may be 
connected as shown in Figs. 1 and 2. 
A case recently came to the writ- 
er’s attention in which it was neces- 
sary to wire some garages for lights 
to be controlled from the residence 
and in the garage, and in addition 
have current available at all times 
for a heater, portable tools, exten- 


These sketches show j 
A how bearings are 
forced on or removed 
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sion lights, ete. In this case it was 
found preferable to wire the lights 
as shown in Fig. 2, as it permitted 
connecting the above mentioned ac- 
cessories across lines L, and L, 


MAINS — A 


Fig. 1—Connections for three-way 
switches for controlling lights from 
two points. 


Fig. 2—A scheme for controlling 
lights and other socket devices by 
use of three-way switches. 


This made current available at all 


times, regardless of whether the 


lamps 1 and 2 were lighted or not, 
whereas with the connections ar- 
ranged as shown in Fig. 1 this could 
not be done. P. JUSTUS. 


Superintendent, Electrical Dept., 
Chandler Motor Car Co., 
Cleveland, Ohio. 
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Method of Installing Ball and 
Roller Bearings 


N THE application of ball and 
roller bearings to motors, the 

service given by the bearings de- 
pends, (1) on the proper selection 
of the bearings, (2) on the right 
kind of lubricant properly applied 
and (3) on the care with which the 
bearing is installed. The best bear- 
ing can be spoiled by careless hand- 
ling or by improper installation. 

The press fit allowance for mount- 
ing bearings on the shaft varies 
from about 0.0010 in. to 0.0015 in. 
for sizes of shaft between 2 in. and 
4 in., and for other sizes in propor- 
tion. 

A ball bearing should be pressed 
on by applying pressure to the in- 
ner race only; in no case should a 
hammer be used directly on the 
bearing. The damage done by a 
hammer may not be noticed at the 
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time, but the life of the bearing may 
be cut down 50 per cent. 

The accompanying illustration 
shows a method which I have found 
satisfactory for pressing on or re- 
moving ball bearings from motor 
shafts. As will be seen at A, a 
hole 34 in. or 1 in. deep is bored in 
the center of the shaft and tapped 
for a stud or bolt a foot long. This 
bolt is threaded the full length and 
the end is squared so that it can be 
screwed into or out of the end of 
the shaft with a wrench. 

To press on the bearing a brass 
cylinder or sleeve, B, about 4 in. 
long is used; the inside diameter of 
this cylinder must be a little larger 
than the inside of the bearing. A 
bar of flat iron 1 in. thick and 4 in. 
wide is bored so that it will slide 
freely over the threaded bolt. The 
brass cylinder is first placed against 
the inner race of the bearing; the 
flat iron bar is then held against the 
cylinder and three or four washers | 
coated with grease or vaseline are . 
put on the bolt next to the iron bar. 
A nut is then screwed on to press 
against the washers, the bar and the 
cylinder. If the shaft has been 
turned to the right diameter the 
bearing can thus be easily pressed 
on by using a 12-in. wrench. 

The washers are used to prevent 
the friction of the nut from turn- 
ing the flat iron bar and possibly 
displacing the brass cylinder, which 
must press evenly all around on the 
end of the inner race. 

To press on the pulley-end bearing 
a piece of iron pipe can be used be- 
tween the flat iron bar and the cyl- 
inder. To use this device for re- 
moving a bearing from the shaft, 
the inner end-cap must be designed 
as shown at C and D, in B, so that 
the projecting lips of the end-cap 
can bear on both the inner and the 
outer race of the bearing at the 
same time. Preferably inner lip C 
should be a few thousandths of an 
inch longer, so as to bear harder 
against the inner race. 

In the case of a spherically shaped 
outer race such as is used in the 
SKF ball and roller bearings, pres- 
sure applied against the outer race 
only would produce a powerful 
wedging action between the outer 
race and the balls and thus tend to 
break the outer race, and also to 
scratch the highly polished surface 
of the balls, thus shortening the life 
of the bearing. 

To remove a bearing, holes are 
bored in the flat iron bar the same 
distance apart as the holes for the 
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bolts holding the end-caps together 
when the bearing is in and the end- 
caps in place. In this case the nut 
N is first screwed on to the bolt; 
then the washers are put on, fol- 
lowed by the iron bar. Bolts of the 
proper length are run through the 
holes in the iron bar and threaded 
into the end-cap as shown. The 
bearing can then be taken out by 
turning nut N. 

Holes of the depth and diameter 
required for the threaded bolt will 
not weaken the shaft, as the inside 
of a shaft carries very little load. 
The threaded bolt that screws in the 
shaft may vary in diameter from 34 
in. for a 2-in. bearing to 1 in. for a 
4-in. bearing, and so on in propor- 
tion to the size of the bearing. 
Belleville, Ont., Can. J. H. GALLANT. 

— 
How to Connect 
Transformers for Paralleling 


2-and 3-Phase Circuits 


PROBLEM which often arises 

in changing over an old to a 
new system of distribution is that of 
tying together two-phase and three- 
phase systems. Although the num- 
ber of two-phase systems in opera- 
tion is gradually becoming less, it is 
Sometimes necessary to operate to- 
gether parts of the same system 
which are different. The particular 
case described here is somewhat spe- 
cial but may be of interest to those 
who are compelled to harmonize the 
operation of two- and three-phase 
systems. 

The general outline of the condi- 
tions is as follows: A three-phase 
33,000-volt circuit has connected to it 
two transformer substations X and 
Y. At station X the voltage is 
stepped down to a 4,000-volt three- 
phase, star-connected system. At 
station Y the voltage is stepped down 
to 2,300 volts two-phase by means of 
“T” or Scott connections. From 
station Y a two-phase circuit is car- 
ried to station Z where the voltage is 
stepped up to 4,000 volts three-phase. 

It is desired to tie together the 
two three-phase, 4,000-volt circuits. 
There is danger, however, of making 
the connections incorrectly so that 
these two systems cannot be paral- 
leled. The secret is in the method of 
connecting the transformers in sta- 
tion F. Circuit J, II, III must be con- 
nected with circuit JV, V, VI at junc- 
tion point W, as shown in the draw- 
ing. 

Fig. 1 shows the actual physical 
connections for each transformer 
and might be considered as a prac- 
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tical operating diagram. The ends 
of the transformer windings have 
been lettered so that identification of 
the connections may be complete. 
Fig. 2 shows the voltage vectors for 
the various transformer groups as 
well as the combined vectors at the 
junction point W. 

The important point in the con- 
nections is that the “teaser” trans- 
former F at station Z occupies the 
same relative position as the main 
transformer D in station Y. This in- 
sures that the vectors of the three- 
phase voltage are in the position 
shown by the small triangle to the 
right of station Z. This triangle 
corresponds to the small triangle to 
the left of station X which shows 
the position of the voltages gener- 
ated by the star winding. These 
triangles it will be noted are rotated 
30 deg. from the triangle at the right 
of station Y. 


Three-phase and two-phase circuits 
connected to operate in parallel. 


STATION : 
* 


Bi ON: | u. 1 
JUNCTION 
“w” } 


ARRANGEMENT OF CONNECTIONS 
AT JUNCTION OF CIRCUITS 


STATION | 
“1.” 
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The actual tests required to assure 
the correctness of the connections can 
be made with the greatest certainty 
through voltmeter readings taken 
through potential transformers con- 
nected to the respective circuits and 
the voltages balanced against each 
by interconnecting the low-voltage 
windings of the potential transform- 
ers used. 

The practical method of testing 
out the connections would be as fol- 
lows: At either station X or Z, or 
at junction W, provide two potential 
transformers and a voltmeter read- 
ing at least double the voltage of the 
low side of the potential transformer. 
Through temporary connections 
readings should be taken of all volt- 
ages I-II, I- III, II- III and IV-V, IV- 
VI, V-VI, to be assured that approxi- 
mately balanced voltages exist in 
each circuit. Then test as follows: 
Connect at random, say line J to line 
VI. Readings taken between lines 
III and V or lines III and IV with 
the potential transformers in series 
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System 
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STATION “X” 


3,000 volt 
Vector 


+ 
“ASSUMED POLARITY 
OF TRANSFORMERS 


l 
JUNCTION W. 


SUPER POSED VEGTORS OF 
CIRCUIT#FROM“Y"AND “7” 


VOLTAGE VECTORS 
33,000 VOLT SYSTEM 


STATION“ 


kN volt r JX. 
m 


D 2300 volt 
! 2 Phase 
ty Vector 


Phase 
Vector 
TAT 
5 non 67 
4,000 volt 
: 3 Phase 


FIG.2 VECTORS OF VOLTAGES 


February, 1924 


on the high-voltage and low-voltage 
sides will show a high reading on the 
voltmeter. The same will be true, 
of course, if readings are taken from 
II to V and II to IV. If, however, 
line IV is connected temporarily to 
line J a test between III and V will 
show normal voltage, but a test be- 
tween III and VI will show prac- 
tically zero voltage. A further check 
will be to test between JJ and V for 
zero voltage. The connections be- 
tween circuits can now be made per- 
manent. 

It is assumed in this discussion 
that the polarity of the potential 
transformers is known. 


C. O. VON DANNENBERG. 
New York, N. Y. 
— ——— 


Fuse Cause of Trouble With 
Heat Regulator 


N CONNECTION with automatic 
temperature regulation, we use a 
controller the moving head of which 
is actuated by the expansion and 
contraction of liquid contained in an 
armored tube that is exposed to the 
air of the container whose tempera- 
ture is to be controlled. When the 
temperature exceeds a certain pre- 
determined value, the hand touches a 
contact post on one side of the con- 
troller; this establishes a by-path 
which short circuits the coil of a re- 
lay the secondary circuit of which 
energizes the contactor so that the 
main heating circuit is opened or 
closed, as the hand makes contact 
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with the stopping post or with the 
starting post. Trouble was experi- 
enced with the regulator hand over- 
shooting and thereby raising the 
temperature higher than desired. 
The short-circuiting circuit estab- 
lished by the stopping post was in- 
vestigated for loose connections, but 
none was found. The fuse itself was 
tested for continuity and found to be 
in good condition. A new fuse was 
installed, and then another, both be- 
ing of the same rating as the sus- 
pected fuse; with none of the three 
similar fuses in circuit, could the 
controller be depended on to shut off 
the heat at the maximum desired 
temperature indicated on the record- 
ing thermometer and for which tem- 
perature the controller was adjusted. 
Finally the fuse was removed and 
the fuse clips connected together 
with a strand taken from a No. 18 
extra flexible conductor. Under 
these circumstances the control was 
entirely dependable, showing that 
the fuses themselves were in some 
way responsible. Next a fuse of the 
same rating was removed from the 
starting circuit, in which it had been 
installed for many months, and put 
into the stopping circuit, while one 
of the suspected fuses was installed 
in the starting circuit. With this in- 
terchange of fuses, the control be- 
came entirely dependable. This left 
only one conclusion to be drawn; 
namely, that the resistance of the 
fuse was so high that the by-path 
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circuit of which it was a part, ceased 
to be a short-circuit around the re- 
lay coil which thereby was enabled 
to retain current enough to keep the 
relay contacts closed. Since chang- 
ing fuses no further trouble has 


been experienced. J. A. HORTON. 
Brooklyn, N. Y. 


— — 


Mechanical Devices 


in Power Service 
(Continued from page 68) 


Lockwood, Eslick & Pfohl, Buff alo, 
N. V., have put on the market an 
anti- corrosive solution known as 
Gardco, This material has the ap- 
pearance of an enamel or paint. It 
is claimed to prevent corrosion ot 
iron, steel or zinc and to be imper- 
vious to the action of acids and alkali. 

Glow-Brite Co., Cleveland, Ohio, 
has developed Glow-Brite, a liquid 
factory glass cleaner. It is claimed 
that this material will remove dirt 
and grime from glass almost in- 
stantly. 

Crown Die and Tool Co., Chicago, 
Ill., has brought out a portable vise 
bench. This bench is made largely 
of malleable iron and is strong and 
rigid, but light enough to be readily 
transported. 

The Borden Company, Warren, 
Ohio, has put out two new pipe cut- 
ters for handling larger sizes than 
the cutters heretofore made by this 
company. These tools can be oper- 
ated in any position on the pipe by 
hand or, if desired, they can be ar- 
ranged for power drive. 

Cling-Surface Co., Buffalo, N. Y., 
is marketing Cling-Surface belt 
treatment in medium and light den- 
sities and in bar form, as well as in 
the heavy density obtainable hereto- 
fore. 

Quickfix, a compound for repair- 
ing concrete floors has recently 
been developed by The Master Build- 
ers Company, Cleveland, Ohio. When 
used according to the method speci- 
fied by the manufacturers, it is 
claimed that this material will pro- 
duce permanent patches that can be 
used two days after installation, as 
compared with the two to three 
weeks’ period heretofore needed for 
concrete patches to harden. 


Lubrication of the bearings of this 
cold scarfing machine is made 
easier and safer by the use of the 
Keystone Manifold Safety Lubrica- 
tor, made by the Keystone Lubri- 
cating Co., Philadelphia. Pa. 
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In the Repair Shop 


A 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Simple Knurling Tool for Hand 
or Lathe Use 


HERE a small knurling tool 

is required for general use the 
simple tool shown in the illustration 
will be found to be very useful, as 
it can be used by itself or in connec- 
tion with the turning lathe, or the 
speed lathe. Due to the special 
clamp construction, it is possible to 
set the knurling rolls against the 
work, which is held in a vise or 
chuck, and use the handle to turn 
the tool about the work, thus embed- 
ding the corrugated faces of the 
knurls into the surface. When this 
tool is used on the lathe it is not 
necessary to use the tool post. 


Handie -. 


With this tool the piece to be 
knurled is held in a vise and the 
tool turned around it by hand. 


As shown in the illustration, the 
tool comprises three corrugated rolls 
about 34 in. in diameter which are 
mounted in two hinged, forged-steel 
holders. One of the holders is about 
5 in. long and is pivoted on the other 
which is about 10 in. long, the exten- 
sion on this part forming the handle 
for holding the tool. A single clamp 
bolt between the two hinged sections 
provides a means for holding the 


Contributions are always welcome. 


knurling rolls firmly against the 
work. This knurling tool will be a 
desirable addition to the individual 
tool kit and can be used on many 
small jobs without the delay occa- 
sioned by chucking work in the lathe 
or securing a tool-post knurl. 
Washington, D. C. G. A. LUERS. 
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Easily Made and 
Compact Testing Lamp for Use 
on 550-Volt A. C. Circuits 

N THE August, 1923, issue of 
INDUSTRIAL ENGINEER, page 416, 
I described a handy testing outfit 
which we use when making tests on 


/10-v. lamp 


B OA (0) 
Auto. Transformer 
ACG oD EO 


—---220 volts---> 


< 
. 
. 
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-----//0 volts ----- 


testing 


for 
when used on circuits of various 
voltages and frequencies. 


Connections 


outfit 
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550-volt alternating- current cir- 
cuits. As was stated before, this 
outfit consists of one of the small 
transformers used in connection 
with the no-voltage release on K-20 
Canadian General Electric oil cir- 
cuit breakers, and an incandescent 
lamp, mounted in a wooden box. 

The diagram of connections for 
using this outfit on 550 volts was 
not correct, as given in the article in 
the August issue. The accompany- 
ing illustration shows the proper 
connection. 

Inasmuch as this device may also 
be used for testing at 440 and 220 
volts, at either 25 or 60 cycles, I 
have also shown the connections 
which should be used under these 


conditions. J. H. SAUVE. 


Reardon Pulp and Paper Company, 
Temiskaming, Que., Can. 
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Copper Balancing Strips Cause 


of Armature Burnout 


IRCUMSTANCES under which 

the armature of a motor 
burned out recently were so unus- 
ual that they may be of interest to 
the readers of INDUSTRIAL ENGI- 
NEER. 

This armature was of the closed- 
slot type and had no bands on it. In 
order to balance it, the winder had 
put copper strips in about five of 
the slots and evidently had not 
taken the trouble to insulate the 
strips from the core. After the mo- 
tor had been in operation for some 
time the armature burned out and 
had to be completely rewound. On 
examination it was found that the 
fiber wedges and the insulation of 
the wire of the coils lying in the 
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slots in which the copper strips had 
been placed, had been thoroughly 
charred and burned. 

The only explanation I could find 
was that heavy currents were in- 
duced in these strips as they passed 
under the pole pieces. The copper 
was then heated to a temperature 
high enough to char the wedges and 
eventually burn the insulation on 


the wire. GEORGE RINGNESS. 
Peoria, III. 
88 
Methods of Making 


Dielectric Tests on Insulation 
of Electrical Equipment 


LECTRICAL equipment in in- 

dustrial plants often has to un- 
dergo repairs, and it is necessary on 
their completion and before the ap- 
paratus is again placed in service, 
to test for faulty workmanship or 
material. Insulation repairs should 
be capable of withstanding a pres- 
sure test at least double the rated 
voltage of the apparatus on which 
the repairs have been made. 

There are two methods of apply- 
ing a high-voltage test to electrical 
apparatus. The full pressure may 
be switched on at once, or provision 
may be made for gradually raising 
the pressure from a low value up to 
the required voltage value for the 
dielectric test. 

Imagine the high-tension winding 
of a transformer with one end at- 
tached to the terminal of a single- 
pole switch used for interrupting 
the connection to a source of high 
voltage. Before the switch is 
closed, the entire transformer coil is 
at earth potential. At the instant 
of contact between the blade and the 
switch jaws, the wire leading from 
the gwitch to the first turn on the 
transformer coil is raised immedi- 
ately to the potential of the line. 
The remaining portion of the coil 
will become charged in an infinitely 
short time, but as the charge has to 
pass through a highly inductive 
winding it is momentarily held up 
while the successive layers are be- 
ing raised to the potential of the 
line. This results in a momentary 
high potential between the outside 
layers and may reach the full volt- 
age at the instant of closing the 
switch and cause across the outer 
layers of the coil an almost invisible 
discharge which punctures the insu- 
lation. The discharge contains a 
very small amount of energy, as 
only sufficient will pass to bring the 
remainder of the coil to the potential 
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coil vanishes. This discharge is ob- 
jectionable, and can be entirely 
eliminated by applying the pressure 
gradually to the coil, enabling it to 
reach a high potential without any 
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Connection diagram of testing out- 
fit for making high-voltage tests. 


of the line, when all difference of 


potential between the layers of the 
appreciable difference of potential 
existing at any time between the 
layers of the coil. 

The diagram shows the connec- 
tions for a testing apparatus de- 
signed to give a secondary pressure 
from zero to 10,000 volts on a prim- 
ary supply voltage of 100 to 500 
volts, as desired. The apparatus 
consists of an induction regulator of 
suitable capacity for the trans- 
former with which it is to operate. 
The primary side of the regulator is 
connected to the supply, while its 
secondary terminals feed the leads 
of the primary side of the trans- 
former, which may have taps corre- 
sponding to the maximum test pres- 
sures which the apparatus can supply 
with the regulating transformer 
set for full voltage. A voltmeter 
provided with a double scale is con- 
nected across the leads of the prim- 
ary side of the transformer, one 
scale reading the low or primary 
voltage, while the other scale is 
marked to register the correspond- 
ing high-pressure potential delivered 
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for the impressed primary voltage. 
The iron core upon which is wound 
the secondary of the regulator, is 
movable, and may be rotated 
through 45 deg. In the position of 
zero potential, the secondary is so 
placed that the ends of the core are 
opposite the narrow portions of the 
surrounding iron ring on which is 
wound the primary winding in 
series with the line. In that posi- 
tion no lines of force from the mag- 
netized ring find their way into the 
movable core, and consequently no 


‘voltage is induced in the secondary 


winding. When the core is slowly 
rotated by means of a hand-wheel, 
its ends gradually assume the posi- 
tion shown in the figure, corre- 
sponding to maximum voltage, which 
results from the core being opposite 
two of the definite pole-pieces on the 
surrounding core. It will be noticed 
that this method gradually builds up 
the testing voltage from a low value 
to the value required for the dielec- 
tric test. 

One important point in making 
pressure tests is that of determin- 
ing the proper value of the testing 
voltage to apply. When making 
tests of alternating-current appa- 
ratus, it is important to determine 
whether the apparatus is intended 
for service with the neutral 
grounded or insulated. 

If the neutral is grounded a di- 
electric test to earth equal to twice 
the phase voltage should be applied. 
This would be equal to twice the line 
voltage divided by the square root 
of 3. If the neutral is ungrounded 
the dielectric-test voltage should be 
twice the line voltage. There is no 
objection to applying dielectric 
tests to d. c. apparatus with a sup- 
ply from an a. c. circuit, but pre- 
cautions are necessary to prevent 
applying too high a voltage. In 
dealing with alternating current, all 
references to measurements of cur- 
rent or voltage mean their r.m.s. 
values. This value is equal to 0.707 
of the actual maximum values 
reached, so that when an a. c. voltage 
of 1,000 volts is shown on a voltme- 
ter, the actual stress placed upon the 
insulation is that produced by 
1,000 — 0.707 = 1,400 volts, approxi- 
mately. Therefore, when a direct- 
current machine is to be tested, due 
allowance must be made for the 
maximum values of e.m.f., when ar- 
riving at the testing pressure that 
is to be used. A. FOKES. 


Walton-on-Thames, 
Surrey, England. 
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Recent Electrical 
Equipment 
(Continued from page 80) 


Joseph Weidenhoff, Chicago, Ill., 
has developed a new armature tester 
known as the Armature Test-o- 
meter. He states that the armature 
to be tested is placed in this device 
and contact fingers are applied to 
each successive pair of commutator 
bars as the armature is rotated in 
the gap between the pole pieces of 
the device. Readings are given on 
a meter which shows whether a coil 
is defective, the exact. nature of the 
fault, and the slots in which the de- 
fective coil is wound. 

Miscellaneous Tools.—The Mar- 
tindale Electric Company, Cleveland, 
Ohio, has developed a new commuta- 
tor slotter which is designated as the 
Imperial Undercutter. The maker 
reports that this undercutter is the 
only one that will cut a “V” shaped 
slot, and claims that a “V” shaped 
slot is best because it is self-clean- 
ing at all times, automatically pre- 
vents undercutting too deeply, and 
practically avoids the possibility of 
leaving strips of mica along the 
edges of the bars flush with the 
commutator surface. 

The National Electric Mfg. Com- 
pany, Pittsburgh, Pa., has developed 
a new electric hammer drill which is 
known as the Syntron. Its mechan- 
ism consists of a hardened steel pis- 
ton moving in a cylinder in which 
two powerful field magnets ener- 


Combination coil winding and 


spreading machine made by B. T. 
Coil Former & Tool Company of 
New York, N. Y. 

After the coil is wound as shown in 
the left-hand picture it is spread either 


by hand or by turning a crank on the 
end of the machine. 
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gized by alternating current are so 
arranged that when current passes 
through the windings the piston is 
given a reciprocatory motion in syn- 
chronism with the supply voltage. 
The manufacturer reports that the 
cost of operation is surprisingly low 
and that the Syntron may be plugged 
into any light socket. 

The Westinghouse Electric & Mfg. 
Company states that it has made an 


Aluminum wound series field coil 
made by the Economy Electric De- 
vices Company, Chicago, Ill. 

The oxidized aluminum on the surface 


of the wire forms the insulation be- 
tween turns on this series field coil. 


application of a rectigon controller 
to a reciprocating solenoid hammer 
for drilling or cutting stone and con- 
crete, chipping castings or work of 
a similar character. 

The General Electric Company has 
developed a new method of testing 
underground cables to determine the 
condition of the insulation and to lo- 
cate cable faults. High-voltage di- 
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Syntron electric hammer made by 
the National Electric Mfg. Com- 
pany of Pittsburgh, Pa. 


This hammer makes 3,600 strokes a 
minute and is adapted for drilling 
through stone, concrete, masonry and 
the like. 


rect current obtained from a keno- 
tron is used. A kenotron is a recti- 
fier that is an off-shoot of the radio 
audion or vacuum tube. 

The Electric Tester Manufactur- 
ing & Sales Corporation, of Port- 
land, Ore., has brought out a fuse 
tester which can be used on any 
voltage from 100 to 600 without any 
changes. The maker points out that 
it is safer than the old lamp and 
socket method of testing and that it 
prevents the breaking of so many 
test lamps, due to dropping or put- 
ting a low-voltage lamp on a high- 
voltage circuit. 

The Black & Decker Manufactur- 
ing Company, of Baltimore, Md., an- 
nounce a portable electric screw 
driver and socket wrench for heavy 
duty production work. The maker 
states that this tool, weighing but 
15 lbs., has been designed particu- 
larly for driving very large wood 
screws, lag screws, and running up 
nuts on large bolts. The spindle is 
equipped with a positive clutch 
which automatically disengages 
when the forward pressure on the 
tool is released. 

The Easy Manufacturing Com- 
pany of Lincoln, Neb., has put on 
the market a new size of pipe push- 
ing machine which it states will 
force conduit ranging from 34 in. to 
21% in. through any ordinary soil. 
The maker states that with this ma- 
chine it is unnecessary to dig a 
trench for laying conduit under- 
ground. 

The Hobart Bros. Company, of 
Troy, Ohio, has developed a device 
for charging storage batteries from 
a constant potential circuit. The 
appliance consists of a carbon-pile 
resistance, an ammeter, a clamp for 
connecting to the supply bus and a 
connector, combined in one device. 

The Economy Electric Devices 
Company, Chicago, IIl., is introduc- 
ing to industrial plants an alumi- 
num-wound series field coil which 
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has found a wide application in the 
‘street and interurban railway field. 
Aluminum has the property of oxi- 
dizing very easily and when this ox- 
idation is produced by chemical 
means there is formed around the 
conductor a dense, hard film which 
the maker says obviates the neces- 
sity of insulation between turns of 
a series field coil. It is pointed out 
that these aluminum-wound field 
coils are designed to give the same 
field strength as copper coils but 
have the following advantages over 
copper coils: longer life, approxi- 
mately 50 per cent weight reduction, 
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more rapid conduction of heat from 
coil, less affected by moisture, less 


‘chafing, less renewals and less total 


cost. The Economy Electric Devices 
Company takes advantage of the high 
salvage value of a mechanically dam- 
aged aluminum field coil and makes 
a replacement proposition under 
which it states that it will furnish 
duplicate coils for 60 per cent of the 
sale price of a new coil, plus the re- 
turn of the damaged coil. The maker 
states that this gives the user of 
these coils an exceptionally low ul- 
timate cost and no higher first cost. 

The Pure Carbon Company, of 
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Wellsville, N. Y., has developed a 
new brush known as Grade G 48. 
The maker states that this is a 
soft graphite grade ‘of laminated 
texture and is so designed as to 
bring the laminations across the 
width of the brush, resulting in a 
high resistance across the grain, 
rather than with it. The ratio of 
the resistance is approximately five 
and the manufacturer points out 
that this grade has decided merits 
from a commutation standpoint in 
cutting down cross bar currents. 
The material across the width and 
along the length has a resistance per 


Wiring devices and tools that will 
save money for the operating or 
maintenance departments. 


(A) is a reel for paying out and auto- 
matically retrieving conductors. (B) is 
a condulet cover which has a universal 
joint that holds a light fixture in a 
vertical position even though the con- 
dulet is tilted. Both (A) and (B) are 
made by Appleton Electric Company, 
Chicago, Ill. (C) is a lamp guard made 
of expanded steel and designed for the 
new mill type lamps. Made by Flexi- 
ble Steel Lacing Company, Chicago, 
III. (D) is a plug with a grip for 
clamping to cable. Made by Arrow 
Electric Company, Hartford, Conn. (E) 
is a laminated brush made by the Pure 
Carbon Company, Wellsville, N. Y. (F) 
is the rotor of type TR motor made by 
Triumph Electric Company, Cincinnati, 


Ohio. (G) is a swivel hanger made by 
Quadrangle Manufacturing Company, 
Chicago, Ill. (H) is an armature test- 


ing machine made by Joseph Weiden- 
hoff, Chicago, III. (I) is a strip heater 
made by Edwin L. Wiegand Co., Pitts- 
burgh, Pa. (J) is a push and pull 
switch and enclosing box made by Ar- 
row Electric Company. (K) is a com- 
mutator slotter made by Martindale 
Electric Company, Cleveland, Ohio. 
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cubic inch of 0.0015 ohm and the re- 
sistance across the thickness is ap- 
proximately 0.008 ohm. The maker 
reports that this brush has a very 
wide range of service in the graphite 
series and is especially adapted for 
slotted commutators on large gener- 
ating equipment and for this class 
of service the brush has shown very 
exceptional results on large installa- 
tions during the year of 1923. 

The C. J. Tagliabue Manufactur- 
ing Company, Brooklyn, N. Y., has 
added an electric, contact-type tem- 
perature controller to its line of in- 
struments. By means of this instru- 
ment the temperature of any device 
such as a refrigerating unit may be 
automatically controlled. 

The Autovent Fan & Blower Com- 
pany, Chicago, Ill., has developed a 
portable window ventilator which 
the manufacturer reports is espe- 
cially adaptable to industrial plants. 
The ventilator is furnished complete 
with an adjustable frame which is 
formed from sheet steel and is so 
designed and constructed that it is 
adjustable to any width window 
frame. This unit is also furnished 
with an 8-ft. extension cord and 
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plug so that the fan can be conven- 
lently attached to a light socket or 
other outlet. This company has also 
added to its line an acid-moisture- 
proof fan, which has an aluminum 
frame motor, totally enclosed so that 
there is no possibility of corrosive 
substances such as acid fumes, 
gases, or foreign particles entering 
the motor. The Autovent acid- 
moisture-proof fan is, therefore, es- 
pecially adapted for battery charg- 
ing stations, dye-houses, enameling 
and plating departments; in fact, 
every place where an acid solution 
is required for a manufacturing 
process. 

The Albert & J. M. Anderson Mfg. 
Company, of Boston, Mass., has 
brought out a very high capacity 
plug and receptacle. The new de- 
vice is rated at 1,500 amp. and 440 
volts. Dossert & Company, New 
York, N. Y., report that installation 
costs can be reduced by the substi- 
tution of Dossert connectors for dis- 
connecting switches on the second- 
aries of distributing transformers, 
where a disconnecting switch is in- 
stalled only to give an easy means 
of isolating transformer secondary. 
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Wiring Devices 


The Adapti Company, of Cleve- 
land, Ohio, has recently put on the 
market an “Always Vertical” condu- 
let cover which is designed to per- 
mit a lamp fixture or pendant to 
hang correctly even though the out- 
let box has to be installed at an 
angle, due to the shape of the roof 
or the manner in which the conduit 
must be installed. This cover has 
a universal joint which permits the 
pendant to adjust itself as much as 
20 deg. from the normal to the con- 
dulet cover. The Appletem Electric 
Company, of Chicago, Ill., manufac- 
tures a combination hickey and 
swivel fixture joint which performs 
a similar function. The Quadrangle 
Mfg. Company, of Chicago also 
makes a “swivel hanger” which is 
designed for similar use. 

The Appleton Electric Company 
reports that maintenance costs can 
be reduced by the use of its heavy- 
duty “Reelite,” a self-contained de- 
vice for paying out and automatic- 
ally retrieving electric conductors 
for power and light. The maker 
states that this device is particularly 
adapted to cranes, magnets, electric 
motor buckets, and are-welding sets. 


The Flexible Steel Lacing Com- 
pany, Chicago, Ill, has put on the 
market a new lamp guard especially 
designed for the new 25- and 50- 
watt, mill-type lamps. It is made 
of expanded steel, reinforced and 
tinned. © 

The Arrow Electric Company, of 
Hartford, Conn., has developed an 
attachment plug with an “Arro- 
Grip” device. The maker states that 
this attachment grips the cord end 
securely so that when the plug 
is jerked out by pulling the cord, 
the plug and cord are protected from 
breaking. This device is also ap- 
plied to lamp sockets. This com- 
pany has developed a push and pull 
switch with a box which is dust- 
proof and waterproof and is partic- 
ularly adapted for use in industrial 
plants where it will be subjected to 
a great deal of dust or vapor. 

The Mica Insulator Company, of 
Chicago, III., has developed a var- 
nished cambric tape that is bias cut 
and seamless. The Irvington Var- 
nish & Insulator Company, of Irv- 
ington, N. J., also make a seamless 
bias-cut varnished cambric tape. 
Rockbestos Products Corporation of 
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New Haven, Conn., has put on the 
market a new conductor which is 
designated as “panel wire.” The 
manufacturer reports that the insu- 
lation on this wire includes nothing 
but asbestos, and is indestructible 
by fire, will not deteriorate in serv- 
ice, nor will the insulation crumble. 

The Chicago Solder Company, of 
Chicago, Ill., reports that its Kester 
self-fluxing wire solder has recently 
been approved by the Underwriters’ 
Laboratories, stating that the fluxes 
used are not likely to cause corrosion 
to the soldered parts and that the 
fluxes form a secure mechanical and 
electrical bond between the solder 
and metal to which they are applied. 
The Kester solder incorporates the 
use of three types of flux which is 
enclosed in the hollow structure of 
the solder. 


Use of Individual 


and Group Drives 


(Continued from page 60) 
individual drives will, therefore, 
show higher losses than alternating- 
current or direct-current group 
drives. Furthermore, where alter- 
nating- current power is generated 
or purchased, the light load losses of 
converting equipment operated over- 
time, nights and Sundays to serve a 
few overtime workers or mechanics 
doing repair work will more than 
offset the lineshaft friction losses 
due to an equivalent amount of over- 
time work in a group-drive plant. 
Also, if the proportion of variable- 
speed motors required is not large, 
the elimination of such conversion 
losses will go far toward offsetting 
the losses from slip-ring alternating 
current motors on those few drives. 

2. Maintenance of Shafting and 
Belting Eliminated——Where indi- 
vidually-driven machines can be di- 
rectly coupled to their motors with- 
out compensating disadvantages, the 
elimination of power-transmitting 
intermediaries is a very real advan- 
tage. In this class of drives come 
most centrifugal pumps, some fans 
such as cupola blowers and high- 
speed centrifugal compressors for 
forge fires, oil furnaces and the like. 
It is very general practice to direet- 
connect fans wherever possible but 
in the light of fifteen years’ experi- 
ence, the writer favors belt drive for 
reasons which will be given later. 

8. Cleaner Shop.—lIn certain in- 
dustries such as the textile indus- 
try, any gain in making the shop 
cleaner is worth considering and it 
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may even be a controlling cause of 
choice. 

4. Better Light with Individual 
Drive. — Better lighting obtained 
with individual drive is a point em- 
phasized in most of the published 
discussions on this subject. It is 
true that in the old type of manu- 
facturing building with low ceilings 
and inadequate window area and an 
engine drive involving much heavy 
shafting and large belts, this point 
is well taken. With manufacturing 
buildings as they are constructed 
nowadays, “walls all windows” and 
high ceilings, the shafting necessary 
for an intelligently planned group 
drive involving 10 hp. to 50 hp. 
groups cannot be said to seriously 
interfere with either the natural 
lighting or whatever artificial illumi- 
nation is used. 

5. Closer Speed Adjustment of 
Tool to Work.—Previous to the ad- 
vent of high-speed steel and scien- 
tific management, the great major- 
ity of machine tools were limited to 
three or four speeds, generally ob- 
tained by means of cone pulleys. 
When a closer study of speeds and 
feeds led to a demand for finer speed 
adjustment, the first solution gener- 
ally offered was individual, direct- 
current electric drive with multiple 
voltage and field control. This was 
effective but very expensive, as are 
all variable-speed motor drives hav- 
ing a considerable speed range and 
requiring full torque at low speed. 
The cost and complication of this 


Some machines run at so high a 
speed that operation from a group 
lineshaft is inconvenient or im- 
possible. 


In such a case, if they offer a fairly 
heavy load approaching their maxi- 
mum load, they can be individually 
driven to advantage. 


system led to the development of 
various other methods of reaching 
the same result. Some of these 
schemes involved the use of direct- 
current motors with gears for the 
major changes and field control for 
variation between the speeds given 
by the gears; single-voltage, direct- 
current motors with compensating 
windings, practical for speed ranges 
as great as six to one; the two-speed 
and four-speed alternating-current, 
squirrel-cage motors, the latter with 
two windings and consequent pole 


connections for half speed on each; 


and so on. 

At the present time machine tools 
for group drive are obtainable with 
as many as eight speeds by quick 
gear shift, and the possibility of 
sixteen speeds by the use of an ordi- 
nary two-speed countershaft. It is 
doubtful, whether any ordinary 
lathe, for example, gains appreci- 
ably in output by finer speed adjust- 
ment than this affords. There are 
cases where a wide range of speed 
control is necessary on a consider- 
able number of machines, including 
machines with heavy individual 
power demand. Such a condition 
generally justifies the direct-current 
individual drive. 
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B. LOCATION OF MACHINES TO 
SUIT CONTINUITY OF MANUFACTUR- 
ING PROCESSES WITHOUT REGARD TO 
THE LOCATION OF LINESHAFTING.— 
If the arrangement of lineshafting 
is intelligently planned, location of 
group-driven machines in proper se- 


‘quence and position for economical 


manufacturing seldom offers any 
particular difficulty. In those in- 
stances where this is not true by all 
means use individual drive for the 
machines affected. In my experi- 
ence the instances of this sort com- 
prise less than 5 per cent of the to- 
tal number of machines. Most of 
such cases are machines which are 
best located in rooms or parts of 
rooms with no other power-driven 
machinery nearby. 

C. WHEN ONLY A SMALL PROPOR- 
TION OF THE INSTALLED. MACHINES 
ARE TO BE OPERATED, AS FOR OVER- 
TIME OR SLACK SEASON, IT IS NOT 
NECESSARY TO OPERATE IDLE SHAFT- 
ING AND BELTING.—In the rare cases 
of a single machine in a room fre- 
quently operated overtime or all 
night it is often best to drive that 
machine individually. When several 
related machines carrying on the 
successive steps of a process are op- 
erated during slack seasons, with 
several other groups shut down, it 
is frequently possible to group these 
machines on one motor. Where the 
reduced operation will continue for 
a considerable time, as during a dull 
season, it is possible to remove the 
belts from the group-driven line- 
shafts to the countershafts and thus 
avoid the greater part of the power 
loss. In general, the power loss is 
small, and amounts to far less in a 
dull season than the fixed charges 
on the extra investment which would 
have been required to install indi- 
vidual drive. 

D. ON LARGE WORK THE TOOL 
MAY BE TAKEN TO THE WORK, IN- 
STEAD OF THE WORK TO THE TOOL.— 
On very heavy work, such as large 
engine bedplates, slow-speed alter- 
nator field frames and the like, it is 
often more convenient to move the 
machine tools to the work than it is 
to move the work. It is self-evident 
that such portable machines are 
best suited to individual drive, and 
this should be employed. 

In the foregoing the writer has 
attempted to show that the reputed 
advantages of individual drive are 
not so great as commonly supposed. 
In another article the advantages of 
group drives as outlined in the tabu- 
lation on page 57 will be taken up 
and discussed in detail. 
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Trade Literature 
You Should Know About 


Copies ef literature which is described on this page can be obtained by 


writing to the 


manufacturer whose name and 


address are mentioned. It is 


always advisable to state the name and number of the bulletin or catalog 
desired, as given in these columns. 


Dossert and Company, 242 West Forty- 
first Street, New York City.—The 
sixty-four page twentieth annual 
catalog of Dossert solderless connec- 
tors for stranded and solid wire, rod 
and tubing, is not only larger but 
also contains considerable data and 
information not included in previous 
catalogs. One of the features is an 
explanation of the method of putting 
together a typical Dossert joint. This 
is well shown by illustrations. In 
addition, twelve of the most fre- 
quently encountered types of joints 
and how they can be made into Dos- 
sert joints are illustrated. 


Bond Foundry and Machine Company, 
Manheim, Lancaster County, Pa.— 
Catalog K-5 describes and lists the 
various anti-friction industrial truck 
casters with ball-bearing swivel and 
roller bearing wheels. Stationary, 
rubber-tired and special casters are 
included. 

Bailey Meter Company, East Forty- 
sixth and Euclid, Cleveland, Ohio— 
Bulletin 200 describes the “Bailey” 
tachometer which is used to indicate 
and record speeds of turbines, stok- 
ers, paper machines, fans, centrifugal 
pumps, and other similar equipment. 


Glow-Brite Company, 1006 Rockefeller 
Building, Cleveland, Ohio.—A new 
folder, “Let in Daylight, Use Glow- 
Brite,” describes the use of this liquid 
glass cleaner for cleaning windows 
and skylights in factories, foundries, 
steel mills, and the like. 


Reliance Electric and Engineering 
Company, Ivanhoe Road, Cleveland, 
O.—A 32-page booklet entitled “Elec- 
tric Motors—How to Choose and Use 
Them” gives some interesting, prac- 
tical. information on this subject. 
Among the seventeen topics dis- 
cussed are: Load factor and motor 
cost; individual or group drive; get- 
ting the right kind of motor; pro- 
tecting the motor; installing the 
motor; a method of determining size 
of motor required; what to tell manu- 
facturer when asking for quotations 
on motors, and numerous other 
problems. 


The Martindale Electric Company, 
11709 Detroit Avenue, Cleveland, 
Ohio—A folder describes the Im- 
perial” commutator stone, shows a 
number of new style handles, addi- 
tional standard sizes, and lists ten 
points or advantages, as well as giv- 
ing a price list. A description of the 
“Imperial” commutator grinding tool 
is also included. 


Mica Insulator Company, 63 Church 
Street, New York City—A 4-page 
illustrated letter in colors describes 
the application and uses of seamless 
“Empire” bias-cut tape with savings 
and points of superiority claimed for 
it. It also includes data regarding 
sizes, colors, price and quantity dis- 
counts. 


E. C. Atkins and Company, Indian- 
apolis, Ind.—The new general catalog 
number 19 contains 268 pages of il- 
lustrations and descriptive matter of 
the Atkins silver steel saws, saw 
tools, saw specialties, machine knives, 
grinding wheels, metal cutting ma- 
chines, and other tools and equip- 
ment manufactured by Atkins. 


American Fixture Company, 230-232 
West Water Street, Milwaukee, Wis. 
—Catalog No. 4 describes the various 
types of “American” Adjustable 
Electric Light Fixtures, shows how 
they can be made up of the various 
parts, and illustrates a number of 
applications as well as giving prices. 


Condit Electrical Manufacturing Com- 
pany, Boston, 27, Mass.—lIndustrial 
Handbook 5002 covers the line of air 
circuit breakers, oil switches and cir- 
cuit breakers, oil motor starters, and 
service switches, and includes handy 
tables as well as the Underwriters’ 
motor rules. 


Union Electric Manufacturing Com- 
pany, Milwaukee, Wis.—New bulletin 
sheets are issued to catalog holders 
which announce and price the new 
type XA, YA and XB drum control- 
lers and starters. 


Sangamo Electric Company, Spring- 
field, Il].—A folder entitled, A Study 
of Meter Lubrication,” contains a re- 

rint of an article on that subject 
y F. C. Holtz, chief engineer of the 
Sangamo Electric Company. 


The Johns-Pratt Company, Hartford, 
Conn.—A folder describes and gives 
the list prices of the various sizes of 
Vulcabeston“ pump valves, which it 
is claimed can be used under heat, 
oil, grease, alcohol, chemicals, acids, 
and other liquids where ordinary 
rubber valves will not stand up. 


Automatic and Electric Services, Ltd., 
173-175 Farringdon Road, London, 1. 
—Leaflets describe the Wild-Gar- 
field Electric Furnaces” for harden- 
ing high-speed steel and also an elec- 
tric furnace of the radiant heat type 
for tempering, carburizing, vitreous 
enameling, japanning and annealing 

urposes. This furnace is suitable 
or temperatures up to 1,000 deg. C. 


Allan Manufacturing and Welding Com- 
pany, Inc., Buffalo, N. Y.—A leaflet 
describes the “Cyl-grind” which is a 
portable, adjustable grinder for the 
removal of excessive metal or high 
spots on cylindrical surfaces. Its spe- 
cial feature is to grind down the in- 
side of cylinders after defective spots 
have been welded by electric arc or 
other process. The “Cyl-grind’’ may 
be adjusted or set for the desired 
radius while the wheel is in motion 
so as to remove the exact amount of 
excess metal. This grinder is made 
in two sizes; one adaptable to auto- 
motive cylinders and the other for 
air, steam and water cylinders of 
larger diameter. 
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Shepard Electric Crane and Hoist Com- 
pany, Montour Falls, N. Y.—“‘A Book 
of Illustrated Economies” contains 68 
pages filled with illustrations of ap- 
plications of the Shepard Electric 
Lift About.“ This is a - and 1-ton 
electric hoist. One of the interesting 
features of this book is that the in- 
stallations are from many industries 
and are accompanied by a short testi- 
monial from the user telling of the 
advantages and economies of the 
“LiftAbout.” 


Buffalo Fuse Corporation, 752 Main 
Street, Buffalo, N. Y.—A small folder 
lists the sizes and prices of both 
cartridge and plug types of “Pierce” 
renewable fuses. 
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Four Plants of the 
Pacific Mills 


(Continued from page 55) 


of textiles is The Pacific Mills, Law- 
rence, Mass., which produces printed, 
dyed and bleached cotton goods, cot- 
ton warp, and all-wool dress goods. 
This Company was incorporated in 
1850 and for fifty-nine years its mills 
were located wholly at Lawrence, 
Mass. Additional mills are now op- 
erated at Dover, N. H., and Colum- 
bia, S. C. The area of all factories 
aggregates 182 acres of floor space. 

With 11,000 employes on the pay- 
roll, which exceeds $10,000,000 an- 
nually, the Company operates 663,232 
cotton and worsted spindles and 
15,951 looms besides performing the 
many other operations required in 
the manufacture of cloth. If the 
Company’s looms were placed end to 
end they would form a continuous 
line over 24 miles long. In these 
great mills the normal product of 
over 195,000 acres of cotton (about 
70,000 bales) and the wool produced 
by 2,366,000 sheep are woven into 
cloth each year. About a mile and 
a quarter of cloth is produced a min- 
ute during the running hours. In 
1921 the total output reached a 
value of over $72,000,000. 

A better idea of the extent of the 
industrial magnitude of this industry 
may be obtained from the following 
figures on power service equipment 
in the various mills of this one Com- 
pany: Over 118 miles of belting are 
driven from 2112 miles of shafting. 
In addition, 7214 miles of power 
feeders and cables supply power to 
the 2,482 motors having a total rating 
of 84,585 hp. The motors range in 
size from 1/15 to 200 hp. These fig- 
ures give some conception of the 
amount of power transmission equip- 
ment which must be maintajned in 
proper operating condition for con- 
tinuous production. 
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Is There a 
Hard Job in Vour Plant 


for an Electric Motor? 


Is there some particular place in your plant where 
you occasionally or frequently have electric motor 
trouble? } 


è : — 
Perhaps the motor trouble is caused by escaping 
gases, water or moisture, iron or emery filings, dirt 
and dust, or excessively high temperature. 


Whatever the cause, you do not necessarily need 
a special motor to eliminate the motor trouble. 


The Howell Red Band Motor is so built that it 
serves dependably and continuously—with free- 
dom from repairs—even after long periods of oper- 
ation under most rigorous and extreme conditions. 


If you have an especially hard job in your plant, 
give it to a Howell Motor. 


You will find, because it is steadfast in perform- 
ance—that the Howell Red Band Motor makes 
the hard job easy. 


Howell Electric Motors Co. 
Howell, Mich. 


lew 


Sales and service representatices 
rin i pal cities. 


Motors 


» all @ 
sn Gis j 


Howell ae 


pod Un ard Job 


NDUSTRIAL INDUSTRIAL ENGINEER 


ALLIS-CHALMERS, 


Polyphase 
Induction 
Motors 


Type “AR” Squirrel Cage Motor 


Type “AR” and “ARY” Motors 


Designed with exceeding ruggedness, cast steel in 
place of cast iron being a prominent feature. 


Method of ventilation is very effective, resulting in 
even cooling and avoiding of “hot spots.” 


Bearngs are of liberal design with spacious oil- 
wells. 


Insulation is of highest grade, stator being treated 
with baked-on insulating varnish making the whole 
structure dust and moisture proof. 


Motors are for floor or ceiling mounting, being pro- 
vided with very stiff and substantial rails. 


Conduit terminal boxes are regular equipment. 
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Variable Speed 


60 and 25 Cycle 


Electrical Machinery 
Gas Engines 
Steam Engines 
Steam Turbines 
Condensers 
Oil Engines 
Hydraulic Turbines 
Pumping Engines 
Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
Flour Mill Machinery 
Saw Mill Machinery 
Air Compressors 
Air Brakes 
Steam and Electric Hoists 
Farm Tractors 

Power Transmission Machinery | 
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The Cause 
Not the Crime 
Is the More 


Serious 


When Trying to Stop 
the Practice That These 
Illustrations Represent 


HERE’S a little book called 
l “Protection Up to Date,” pub- 
lished by a well-known circuit 
breaker manufacturer, that I like to 
read because it contains a lot of 
uncommon common sense about cir- 
cuit breakers. It has no use for 
fuses, but inasmuch as we are not 
discussing here circuit breakers 
versus fuses, that doesn’t matter and 
I can borrow this statement from 
that book to bring out the point I 
want to call attention to in connec- 
tion with the accompanying pictures: 
“Now common sense is not nearly 
so often found in people as it is in 
a highly-organized piece of ma- 
chinery. The first apparatus we 
built was as stupid as a fuse, then 
gradually we trained it,” etc. The 
operator who is determined to get 
a job done and does not think much 
about the nerves of the machine he 
is using, often believes the fuse is 
a stupid thing that works all right 
on less than its rated current but 
goes out on every provocation above 
that rating and causes him trouble 
at just the wrong time—that is, 
when he is working the circuit to 
its limit. The result is that in des- 
peration and disgust he does one or 
more of the things that are shown 
in the above pictures, and commits 
a crime on fuses that the insurance 
companies will not forgive and which 
some states, through industrial com- 
missions, have made a criminal 
offense punishable by fine and im- 
prisonment. | 


The practice is bad—very bad in 
fact—but as fuses have been used 
in electrical work since the memory 
of electrical men runneth not to the 
contrary, and this practice still con- 
tinues, the cause and not the crime 
is the problem to deal with. Fuses 
have their place in electrical circuits 
and their abuse will never be elim- 
inated entirely until those who are 
likely to abuse them have a better 
idea of the reasons for profection in 
an electrical circuit againste fires, 
possible damage to machines through 
overloads, single phasing of three- 
phase motors and the like. Instead 
of putting a man in jail for over- 
rating a fuse by soldering fuse wire 
to it or using a fuse element larger 
than intended, he should be taken 
aside and given a heart-to-heart talk 
on fuse construction and how easy 
it really is to overcome fuse trouble 
by using the correct fuse; also, how 
expensive it is not to do so. 

Failure to provide the right kind 
of protection in a circuit and make 
it unnecessary to go wrong is about 
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as bad as the “a 
crime of tam- \ 7 
pering with à 

the rating of N | 


fuse elements. | iil 
Manufac - C 
turers of re- ey 


newabie fuses 
are working on this problem and in 
the arguments they have used to sell 
this type of fuse they have without 


doubt brought about a much better 


understanding of the correct use of 
fuses, but the job is not yet finished. 
The subject of circuit protection is 
a big one and we are going to have 
a lot to say about it in future issues. 
If you have any ideas that you think 
are good, let’s have them and by 
getting together and all going in the 
same general direction we will even- 
tually get somewhere. 
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Portland Cement Industry 


Where, because of the vast quantities of hard materials to be gro 
great as to require the employment of one man on repair wor 


N THE manufacture of 
Portland cement 


rial must be pulverized 
for each ton of finished 
cement. If powdered 
coal is used to burn the 
cement, about one-third 
ton of coal must be pul- 
verized in addition for 
each ton of finished prod- 
uct. To avoid excessive 
wear on the bearings of 
the machinery involved, 
over a million dollars 
worth of grease and oil are used 
each year in this industry alone. 
Even with this care one man in 
every five employed at the cement 
plant devotes his time to repair 
work. 

Portland cement was first made 
in England a century ago. It 
was so named because when hard- 
ened it resembled “Portland” 
building stone. Portland cement 
is made from lime, silica and al- 
umina which ingredients may be 
secured from several different 
combinations. Some cement mills 
use cement rock and limestone; 
some use limestone and clay or 
shale; others use marl and clay; 
still others use blast-furnace slag 
and limestone. In each case 
the raw materials must be ana- 


lyzed, blended and treated so as 
to make a standard, uniform 
product. Some of the cement 
plants are located near the quar- 
ries, although in other cases the 
raw materials.are hauled consid- 
erable distances. 

Cement passes through more 
than eighty distinct manufactur- 
ing operations from raw material 
to finished product. These in- 
clude quarrying, at least eight 
crushing and grinding operations, 
a slow burning at a temperature 
of 2,500 to 3,000 deg. in a long 
rotary kiln as much as 240 ft. 
long, weighing over 600,000 Ibs. 
and large enough to drive an au- 
tomobile through, pulverizing the 
clinker in rotary ball-mills until 
it is finer than flour, sacking with 


und, the wear and tear on the machinery ts so 
k out of every five men in a cement plant. 


One of the quarries for a 
cement mill. 


For every 94-Ib. sack of ce- 
ment it is necessary to quarry. 
mine or dredge over 200 lb. of 
raw material, including coal. 
Over 100.000 tons of rock are 
required daily to supply the 
Portland cement mills in the 
United States. In quarrying 
often 10,000 lb. or more of 
high explosives are fired in a 
single shot and loosery 50,000 
tons of rock. This igs loaded 
on cars by steam shovels and 
hauled to the mills. Over 
15,000,000 Ib. of dynamite and 
powder are required annually 
to produce raw material for 
the cement mills which often 
are located near the quarries 
to take advantage of a short 
haul of raw materials. 


Even a moderate sized cement plant, 
such as this, represents huge scale 
manufacturing operations. 


This is only one of the 120 Portland 
cement plants in the United States; the 
largest have a capacity of 100,000 sacks 
of cement a day. The sequence of some 
of the different departments which per- 
form the eighty manufacturing opera- 
tions is shown in the accompanying 
illustrations. These are: (1) Quarry; 
(2) rock crushers; (3) raw material 
storage tanks; (4) belt conveyor taking 
raw material to grinding mills; (5) raw 
grinding department where raw ma- 
terial is finely ground; (6) power house 
and boilers operated by use of waste- 
heat from the kilns; (7) rotary kilns in 
which clinker is burned at a tempera- 
ture of 2,500 deg. to 3,000 deg. F.; (8) 
clinker conveyor; (9) clinker storage 
tanks and outside pile; (10) coal grind- 
ing mills; (11) clinker grinding depart- 
ment where clinker is pulverized to make 
cement; (12) cement stock-house; (13) 


auxiliary coal storage; (14) bag clean- 


ing and storage; (15) cars waiting to 
be loaded; (16) packing and shipping 
departments; (17) reserve boiler house: 
(18) reserve power house. It will be 
noticed here that raw materials enter at 
one end of the plant and the finished 
vement is shipped out at the other. 
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Three types of grinding mills used 
in cement plants. 


Almost 214 tons of material not includ- 
ing the powdered coal are pulverized in 
the manufacture of a ton of cement. 
A large gyratory crusher (above) may 
weigh about 600,000 lb. and will crush 
1,000 tons of rock an hour. This will 
take rocks weighing about 1,000 lb. and 
crush them down to small size. Bight 
crushing and grinding operations are re- 
quired to pulverize the rock so that 85 
per cent will go through a sieve with 
200 cross-wires to the inch. This is 
burned in a kiln (below) and tħe re- 
sultant clinker which is glass hard, is 
again pulverized in the centrifugal mill 
(right) or the ball mill (upper right). 
These ball mills are about the size of a 
locomotive boiler and hold tons of steel 
balls which roll and grind the clinker 
into billions of particles to the cubic 
inch. 


automatic machines, and shipping 
out. When pulverized, both be 
fore and after burning, 78 per 
cent of the material must shake 
through a sieve with 40,000 open- 
ings to the square inch—fine 
enough to hold water. 

There are now more than 120 
cement plants in the country, 
owned by some ninety companies. 
In two instances, the producing 


capacity of the plants runs over. 


25,000 barrels or 100,000 sacks, a 
day. At 800 sacks to the car, a 
day’s shipment from one of these 
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large plants may run to 300 car- 
loads or more. 

Within short distances of these 
large plants are others having not 
more than a tenth of their pro- 
duction. In more sparsely settled 
regions, other plants operate with 
a maximum capacity of four thou- 
sand sacks a day or less. Since 
cement is a heavy; low-priced com- 


modity, freight rates play an im- 


portant part in the delivered cost 
and the profitable shipping radius 
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is relatively small. The demand 
for cement is seasonal, with the 
largest shipments in August. 

Some idea of the inter-relations 
of the cement industry to other 
industries is pointed out in the 
following facts: 

Each ton of cement requires 
more than one-half ton of coal to 
supply the heat and power neces- 
sary to produce it. According to 
the manufacturing census this 
industry is the fourth largest 
manufacturing user of coal in this 
country and the third largest 
user of power per dollar of prod- 


Where the half ton of coal goes 
which is required to make a ton of 
cement. 


Properly blended and pulverized raw 
materials are burned to a glass-hard 
clinker in the large rotary kilns (left) 
some of which are 240 ft. long and the 
material requires three hours to pass 
through. About a third of a ton of 
powdered coal per ton of cement (or 
oil or gas) is used for fuel and makes a 
temperature of 2,500 deg. to 3,000 deg. 
In some plants the waste heat from the 
kilns is used under boilers to furnish 
steam for power. The row of large 
motors operate mills on the other side 
of the partition for grinding. Over a 
million dollars’ worth of oils and greases 
are required for lubrication of the ma- 
chines and conveyors operating in the 
dust-laden atmosphere. 
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E uct. Even a medium-sized plant Automatic scales (left) weighing Also, today a third less coal is T 
win use as much coal as a city of and proportioning raw material, and required in the production of ce- P 
4 ; : the clinker storage (right). 5 
£ 4 20,000 inhabitants. urine the pulvesisine proci abe ment, than was formerly the case. SF. 
é a Over 4,500,000 lb. of grease and crushed raw materials are combined in Although this industry, with 
k 4, 500, 000 gal. of lubricating oil, chemical analyses. The final, pulveriz- its large quantities of explosive, t 
t 1 ms ng mixes ese materials orougnly 1 oh 1 
H costing over $1,000,000, are re- Pors F high temperature, crushing and 2 
gquired in a year to keep the bear- clinker is stored in pits until pulverized. pulverizing machines, and miles 
“alt: : e It is handled by traveling cranes and 2 
Py ings, gears, and hundreds of miles grab buckets. Material handling is a of conveyor belts, has many op- 4 
. of conveyors, which are used in this n n for serious aceidents, 
F the industry lubricated. Over are handled in the eighty operations. safety work is so well organized 
ae 375 miles of belt conveyors and through the industry that the ac- ae 
af belting alone were worn out last Over 60,000 bales of cotton are re- zident rate is low. For example, 1 
4 year in the cement mills in this quired to weave the cloth for one plant employing 350 men had T 
} country. sacks to replace this loss. The only five minor accidents, causing 
iy Annually about 60,000,000 ce- others are returned, inspected, re- only twenty days time lost in a 
‘ ment sacks, or one in every eight paired, the top tied, and then year. T 
fi shipped out, are lost or destroyed. stored ready for filling. The Last year 137,377,000 barrels ff 
i sacks are tied while empty and (four sacks, 94 lb. each to the bar- i 
This pile of sacks are ready for the filled through a valve or flap in rel) of cement were produced $ 
nee bag-filling machines at the bottom by automatic filling last year in the United States, 
1 machines. Over 55,000 miles of which was a big increase over thge 
After sacks are returned from the user è á ‘ e í 1 
they are inspected, repaired, tied with wire are required in a year to tie previous year. Roads and build- 
ie ‘done 15 orod reni 10 ‘or valve has the the sacks. 5 used a pang og of this but 
om. e automatic bag fillers weig i f" i i 
k the material as it passes into the bag Due 5 the Mep ee ere are many other applications. 
and shuts off at the exact weight. e saving devices an incr , 
1 operator then drops the bag on a belt _. = t hi d EDITOR’S Note: Acknowlegement 
| conveyor which carries it away. A crew 81ze OIL Cement machinery used, iş made for assistance of the Port- l 
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of four men can fill 8,000 sacks of ce- 
ment a day. Formerly this work was 
done by men with shovels and a gang 
of four men could by hard work fill 
about 1,600 bags a day. 
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each man employed produces 2½ 
barrels of cement, whereas 20 
years ago he produced only one. 


land Cement Association, Chicago, 
Ill., in compiling this material and 


supplying photographs. 
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SLEEVE BEARINGS have been 
condemned, sometimes justly and 
sometimes unjustly, from design 
and operating standpoints. That 
they have been abused and that 
part of the criticism directed 
toward them is due to this abuse, 
few will deny. How far the ef- 
fects of this abuse can be elim- 
inated in sleeve bearings by the 
operator and the maker, is of 
most interest to the user and in 
this article sleeve bearings are 
discussed from these standpoints. 


Ways to Cure 


Sleeve 
Bearing 


Troubles 


With Construction De- 
tails of Motor Bearings 
and the Good Points of 
Sleeve Bearings That Are 
Sometimes Overlooked 


By R. PRUGER 


Mechanical Engineer, Motor Engineering 
Dept., Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


HE sleeve-type bearing with 

| oil ring lubrication is widely 
used on industrial motors in 

all classes of service. Perhaps due 
to its ability to stand abuse, as much 
as to any other cause, it has in many 
instances been abused by the de- 
signer, the manufacturer and the 
user. The result of this abuse has 
been a certain amount of trouble 
with sleeve bearings. In some quar- 
ters this trouble has been accepted 
as inherent in the sleeve bearing, 
whereas it is in reality something 
that can be corrected. In this ar- 
ticle some of these faults and the 
corrective measures are discussed. 


REMEDIES WHICH ARE APPLIED FOR 
OIL LEAKAGE 


Trouble Due to Oiling.—An inves- 
tigation of a number of cases has re- 
vealed the fact that quite frequently 
oil troubles may be traced back to 
the oiler. Some attendants seem to 
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be of the opinion that motors re— 
quire oiling several times a week or 
oftener. This may be true if oil es- 
capes in large quantities. In such a 
case, the matter should be investi- 
gated so as to cure the defect rather 
than continue the evil and favor it 
by feeding in more lubricant. Motor 
housings are usually provided with 


THIS Is THE FIRST of a series 
of articles on bearings of the 
sleeve, roller and ball de- 
signs, that will give the ad- 
vantages of each compared 
with the others from the 
standpoint of meeting the 
wide range of service condi- 
tions in industrial work. In- 
DUSTRIAL ENGINEER invites 
users and manufacturers to 
contribute their comments 
on the information presented 
in this series from the prac- 
tical standpoint of improve- 
ments in bearing operation 
that actual service has shown. 
—EpITors. 
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This illustration shows one-half of a stan- 
dard split bracket with grooves in the 
bearing housing walls to prevent leakage 
of oil at the split. 


an oil overflow, that indicates the 
correct level. Under no considera- 
tion should this level be exceeded, as 
it will only cause the oil to overflow, 
probably into the motor, by way of 
the clearance between the shaft and 
the housing bore. Oiling the motor 
while it is in operation is not good 
practice and may produce overflow- 
ing, since a certain amount of oil is 
held in suspension by the ring and 
the bearing. When the motor comes 
to rest, this oil will drain back into 
the oil well, and if in excess of the 
right amount, may overflow. 
Bearing housings are also 
equipped with a slot on top, to per- 
mit assembling of the oil ring. 
Oftentimes this slot is rather nar- 
row and if an oil can is used with a 
large spout which does not enter into 
this slot, it usually happens that the 
oil is splashed over the housing and 
runs down on all sides, dripping off 
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at the bottom. In this way oil-cov- 
ered surfaces are produced which 
are directly in contact with the air 
currents which are drawn into the 
motor by the blower. These cur- 
rents usually travel at considerable 
velocity, picking up small particles 
of oil and oil vapor which is again 
deposited upon the windings, pro- 
ducing in time an oil-soaked condi- 
tion. Care should, therefore, be 
taken not to have housings too full 
nor to splash oil over them, but fill 
to the correct level, and slowly, while 
motor is at rest. 

Balancing Air Pressure.—If in 
spite of these precautions oil enters 
the motor the cause is elsewhere, 
and may be found in unbalanced air 
pressure. Housings are provided 
with two, or sometimes three, seats 
for the bearing proper. These bear- 
ing seats divide the housing into sev- 
eral chambers which, in turn, have 
holes cored at the bottom to connect 
them. If these holes are not cored 
out correctly, which may occur due 
to shifting of the core in some way 
when the casting is made, these com- 
municating openings may be en- 


tirely submerged by the oil level. 


Now, the action of the blower pro- 
duces a partial vacuum around the 
bearing housing on the inside of 
the motor, drawing air from the 
chamber next to the inside of the 
motor and thereby raising the oil 
level in this chamber. This may 
cause overflowing. In such a case it 
will be found advisable to chip a few 
small -grooves in the bearing seat, 
well above the oil level, so as to es- 
tablish a balanced air pressure and 
free travel between the chambers in 
the housing. This point is quite es- 
sential and must not be overlooked. 

On Westinghouse motors this bal- 
ancing of air pressure is taken care 
of by coring in a communicating 
channel at the top of the housing, 
where this is of the solid type. Split 
housings have grooves cored in at 
the sides, which not only establish 
communication, but at the same time 
prevent oil from creeping across the 
surface of the split. 

Closing Où Ring Slot Tightly.— 
While this communicating channel 
accomplishes the balancing of air 
pressures, it must be remembered 
that cored holes cannot be made un- 
less they have a fairly large cross 
section, for practical reasons. If we 
have, therefore, to deal with a high- 
speed motor, a considerable amount 
of air is drawn through the housing, 
entering by way of the oil-ring slot, 
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passing through the cored hole, and 
reaching the motor through the bore 
clearance at the inside of the hous- 
ing. Inasmuch as the oil ring causes 
considerable agitation of the oil and, 
furthermore, as the temperature of 
the bearing tends to vaporize some 
of the oil, the air passing through 
the housing will pick up some of this 
fog or vapor and deposit it upon the 
windings. It is, therefore, impor- 
tant to keep the housing cover 
closed. On high-speed machines it 
is customary to provide the under 
side of the cover with a felt pad, 
and sometimes to go to the precau- 
tion to screw the cover down tightly. 
Do not miss this point, but make 
sure that the cover is correctly re- 
placed after each inspection or 
oiling. 

Incorrect Over-flow Fitting.—Over- 
flowing may also be produced by in- 
correctly tapping the housing for 
the overflow fitting. If it is tapped 
too high, or at an upward slant, the 
oil level will be registered above nor- 
mal and may thus reach the inside 
bore in the housing and cause over- 
flowing. A check should, therefore, 
be made against the lowest point of 
the inside bore in the housing and 
the oil level as indicated by the over- 
flow plug, to verify its position. 

Dust-proofing Precaution. — Felt 
washers around the shaft are often- 
times used on both inside and out- 
side faces of the housing. However, 
this is a dustproofing precaution and 
while it will help in a measure to 
overcome oil leakage, it cannot be 
looked upon as a permanent cure. 
Felt will in time become oil soaked 
and finally permit oil to pass. It will 
render service as a dustproofing de- 
vice, and, if it is designed correctly, 
will also prevent overflowing when 
the housing is filled too full, but it 
should not be depended on for more 
than that. If used as a lining or 
padding under covers which are 
screwed down it will be found use- 
ful, since it is kept under pressure 
and an air-tight packing may be pro- 
duced. However, if felt is used 
around the shaft, its function is only 
as stated above. 

Quality of Lubricant Used.—The 
quality of the lubricant is likewise a 
feature which deserves considera- 
tion. Some oils will produce more 
or less foaming at high speeds. This 
foam may reach the housing bore, 
and thus enter the motor. A change 
of lubricant is the surest and best 
remedy in such eases. If that can- 
not be done, a baffle plate may be 
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introduced inside of the housing to 
form a separating chamber, giving 
the foam opportunity to settle and 
quiet down, returning by a commu- 
nicating opening at the bottom to 
the oil well. Foaming has been 
found to occur also on ball-bearing 
motors and after such a baffle plate 
was installed the trouble was over- 
come. 

Ou Grooves.—Another safeguard 
is to get rid of the oil before it 
emerges at the end of the journal 
after having done its work. This is 
accomplished by machining an annu- 
lar groove near the end of the bear- 
ing. This groove need not be more 
than ½ in. to 3% in. wide, and from 
$42 in. to J in. deep, depending upon 
the size of the bearing and the quan- 
tity of oil in circulation. At the bot- 
tom of this groove one or more holes 
are drilled and free communication 
is established to permit the oil to 
run back into the oil well before it 
reaches the end of the bearing. This 
will considerably reduce the possi- 
bility of leakage and relieve the oil 
thrower on the shaft of much of its 
work. This is quite important, as 
the oil thrown off by the thrower 
against the inner housing wall will 
run down along the walls and may 
drip back upon the shaft beyond the 
oil thrower, whence it may reach the 


motor. In troublesome cases on very 


high-speed machines, it has been 
found expedient to introduce a brass 
sleeve pressed into the housing bore, 
and with the inside end slightly 
curled up, so as to form a small 
groove which needs to extend only 
around the upper half. This groove 
will carry oil flowing down the in- 
side of the housing walls and once 
past the horizontal center line, it 
cannot get on the shaft but will 
drain down directly into the oil well 
below. 

There are, of course, a number of 
other devices which may be used, 
such as air shields which establish. 
communication with the outside air, 
drawing air currents past the hous- 
ing face and thus preventing air 
from being drawn through the hous- 
ing. However, if the housing is well 
sealed, the seal will be found quite 
sufficient to overcome oil leakage at 
all ordinary speeds, and even at 
high speeds. 

Good oil will last almost indefin- 
itely if kept clean and within normal 
operating temperatures, except for 
the small amount of loss due to some 
slight escape of vapor, which is un- 
avoidable. 
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If air currents are excluded, no 
dirt or dust is carried into the bear- 
ing. There is no reason, then, why 
a sleeve-bearing motor should not 
operate with entire freedom from oil 
leakage and, therefore, freedom from 
winding failures due to oil. With 
the bearing in perfect condition, the 
necessary amount of attention re- 
quired will also be greatly reduced 
and the time between oiling periods 
increased. 
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ADVANTAGES IN THE USE OF SLEEVE 
BEARINGS 

Frequently long acquaintance and 
familiarity lets us forget merits and 
advantages, and dims our sense of 
appreciation and good judgment in 
our actions and dealings with the 
objects which, when correctly ap- 
plied, have rendered useful service 
for many years. I believe that 
claims made in favor of one or the 
other type of a certain object should 
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be thoroughly substantiated by ac- 
tual facts and long trials under vary- 
ing conditions, before setting aside a 
proven object in favor of a new- 
comer. 

Considering some of the points 
that we find in the sleeve bearing, we 
may be able to draw comparisons 
and balance up against the ball bear- 
ing, which is sometimes given pref- 
erence on one or two counts, such as 
oil trouble and attention required. 


Evolution of the Leakproof Bearing Housing 
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This design has become obsolete due to the five prin- 
cipal difficulties enumerated as 1 to 5. 


Low pressure in chamber B, due 
to blower action, causes oil to escape at C if the oil level is 
(2) Oil poured into the hous- 
ing faster than it can escape from overflow plug will over- 
in spite of absence of blower suction. 
slops out of oil ring slot at D, especially at high speeds. 
and escaping at C carries 
(5) Oil leaks out past steady pin 
(6) Portion of shaft at F alternately covered by oil- 
soaked felt and exposed to air (due to end 
off a fine oil spray which is carried by the draft of ventilat- 


(1) No by-pass for air. 
temporarily raised too high. 
flow at C, 
(4) Current of air entering at 5 


oil vapor into the motor. 
At E. 


ing air into the motor. 


(3) Oil 


play), throws 


Improvements are 
sections at G, D and J in these drawings. 


shown in unshaded 
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Old design improved by addition of an inner- bearing 
cap (J) to guard against oil leakage from careless fill- 
ing of the oil reservoir, indicated as item (2) in the. 
caption at the left. 
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Old design with first improvement: namely, the addi- 
tion of a by-pass for air at G, to overcome the first 
cause of oil leakage indicated as (1) in above caption. 


Old design with maximum possible : improvements 
through addition of tightly closed oil ring slot by use 
of felt and steel oil ring slot cover at K screwed down. 
This partially corrects slopping out of oil and reduces 45 
rent of alr through the housing. indicated as troubles (3) 
and (4) in the upper lefthand caption. However. it is very 
difficult if not impossible to secure a tight joint at D by using 
a| cover such as K held on by radial screws. 
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Inasmuch as this article is con- 
fined to electric motors and generat- 
ors, we need not consider the item of 
friction losses in transmission, such 
as in lineshafting, which are admit- 
tedly very high where sleeve bear- 
ings are used and where proper 
alignment is hard to maintain. In 
the case of motors only two or three 
bearings need be considered, and 
these are either part of the motor it- 
self or mounted on a common bed- 
plate, which is an insurance for 
proper alignment. Furthermore, 
the small air gap makes it impera- 
tive that a good line-up be obtained. 
Hence, the friction losses become a 
matter of actual bearing friction not 
induced by mis- alignment. The 
sleeve bearing has a relatively high 
starting friction. However, this oc- 


curs only at the moment of starting, 


DUS ENGIN 


until an oil film is established, which 
requires less than one turn of the 
shaft. As the speed increases the 
friction coefficient drops rapidly, 
being only slightly in excess of what 
is found in ball bearings. 

Bearing Surface.—Sleeve bear- 
ings, however, have the advantage 
of a large bearing surface, which is 
easily proportioned to take care of 
any load condition when designing 
the bearing. Thus, as in the case of 
geared or chain-driven applications, 
we know very closely the working 
load per square inch of projected 
bearing surface. Years of experi- 
ence have established working fac- 
tors so that we are in a position to 
base designs upon certain known 
factors, well proven and tried. The 
presence of the oil film forms a flex- 
ible or cushion element, suitable for 
absorbing 
shocks. The 
babbitt lining, 
after being 
“run in,“ con- 
forms to the 
load conditions 
which may 
cause slight 
shaft deflections 
and shapes it- 
self so as to dis- 
tribute the pres- 
sure. Moreover, 
in some cases 
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self-aligning bearings may be used, 
which readily present a uniform and 
large bearing surface to the load. 
This is quite in contrast to the point 
contact found in ball bearings, which 
is not yet fully understood when it 
comes to a matter of correct propor- 
tions regarding different classes of 
service, vibrations, and peak loads. 
Wear.—No matter what type of 
bearing is chosen, wear is bound to 
occur. Then comes a time when re- 
placement will have to be made. 
Sleeve bearings are easily replaced 
and if no spare is available, they 
may be rebabbitted, the process 
being an old one and understood by 
any good millwright or mechanic. 
Moreover, running clearances are 
well known and a slight error is not 
so serious a matter, since the oil 
film is capable of absorbing slight 
variations. Again, if a journal is 
loose, and “hammering action” due 
to the load conditions and vibration 
occurs, it comes upon a considerable 
area and not upon a point contact; 
hence it is not so harmful. It has 
been noticed in some installations 
that sleeve bearings were operating 
with clearances of e in. and over, 
due to wear. Operating under such 
conditions, of course, is not advis- 
able but it goes to show that the 
period of usefulness to utter useless- 
ness is distributed over a consider- 
able length of time, which is an 


These three illustrations show leakproof bearing housings 
after a six months’ running test without cleaning, as the dry 
dust adhering to the housings in the bracket arms shows. 
A is the front end of an 1,800-r.p.m. motor. 
ley end of an 1,800-r.p.m. motor, and C, the front end of a 
3,600-r.p.m. motor. 
housings is shown in illustrations on the preceding page. 


B is the pul- 


The construction of these bearing 
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New design of housing that overcomes the five diffi- 
culties outlined as (1) to (5) on a preceding page. 


important item in places where op- 
-eration cannot well be interrupted 
from one end of the week to another. 
If trouble develops, it usually gives 
us signs long in advance of the ac- 
tual break-down. 
Replacements.—The matter of re- 
placement is rather simple with 
sleeve bearings. Where gears or 
couplings are pressed on the shaft, 
split bearings may be used. Motor 
brackets are oftentimes designed in 
this manner, permitting removal of 
the bearing without dismantling the 
installation. This saves time. Where 
a middle bearing is used, the split 
sleeve bearing is the only alterna- 
tive. Motor-generator sets with 
two rotors mounted on a common 
shaft and requiring a middle bear- 
ing, are easily taken care of in this 
manner. Outfits direct connected to 
turbines or blowers, particularly in 
places where space is limited, could 
hardly be made otherwise than with 
sleeve bearings. Split brackets are 
readily dismantled and the bearing 
removed without much difficulty. 
Heating of the Journal.—Where 
loads are high and the pressure per 
square inch of projected bearing 
surface due to “dead load” is con- 
siderable, the sleeve bearing is with- 
out a parallel. Heating of the jour- 
nal, if it occurs, can readily be cured 
by using gravity oil feed. The lubri- 
cant carries away the heat and can 
be cooled outside of the bearing. 
Practice has shown that water cool- 
ing is not required if the bearing is 
designed correctly and in many 
places where such a measure was 
originally installed it was never 
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used and the journals have operated 
for years without water cooling. 
Stray Currents.— Another advan- 
tage found in sleeve bearings be- 
comes prominent in cases where 
stray currents are found. The oil 
film assumes the role of an insulator 
to some extent, offering resistance 
to electric currents. Although this 
oil film is not effective to the extent 
of rendering the bearing immune to 
the passage of such currents the 
point contact, such as in ball bear- 
ings is avoided, thereby more effec- 
tively resisting the “pitting” found 
in some ball-bearing installations. 
Handling Bearings. — Handling 
and manufacturing of the sleeve 
bearing is a process which can read- 
ily be taken care of in any well- 
equipped shop, without requiring ex- 
treme refinements and_ tolerances 
which are fractions of 0.001 in. This 
will be readily appreciated in repair 
work in the field, particularly in out- 
of-the-way places, where neither 
skilled help nor fine equipment is 
available. If it becomes advisable to 
carry spare parts the capital tied up 
is not great. Further, the handling 
and storing of sleeve bearings does 
not require unusual care and precau- 
tions. Babbitted bearing surfaces 
are not liable to become rusty, nor 
does the presence of particles of dust 
or dirt affect them. It is a simple 
matter to clean out all visible dirt. 
Operating Temperatures.—Motors 
operating in very hot places are not 
so easily affected by temperature, 
since the liberal running clearances 
will permit a certain amount of ex- 
pansion without influencing the 


New design with addition of leakproof devices to pre- 
vent leakage characteristic of motors running at high 
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operation. This point may seem some- 
what far-fetched to some, but prac- 
tice has shown that in cases of gen- 
erators direct connected to steam 
turbines, ball bearings had to be 
made of special design to compen- 
sate for temperature; otherwise fail- 
ure occurred. This trouble is for- 
eign to sleeve bearings. 

Initial and Operating Expense.— 
As to the matter of expense, the 
sleeve bearing is by far the cheaper. 
Initial cost could never be used as an 
argument against it. As to operat- 
ing expense, objections are raised 
against the sleeve bearing princi- 
pally on account of the damage 
caused by oil leakage. This feature, 
however, is not fundamental evi- 
dence against the sleeve bearing but 
evidence of some improper condi- 
tion, in care or design or manufac- 
ture, which can be corrected. 

Correct design and care are neces- 
sary, no matter what type of bear- 
ing is uséd; otherwise failure will 
occur. This is equally true of oil- 
ring sleeve bearings, waste-lubri- 
cated sleeve bearings, ball and roller 
bearings. While all of these types 
have a certain field, the oil-ring 
sleeve bearing undoubtedly meets 
the varied service required of the 
well-known, general-purpose, indus- 
trial-type motor. After all, it is a 
question of total expense, initial and 
operating, which should decide; and 
it has been found that by applying 
correct principles in the design of 
sleeve bearings and maintaining 
high standards of manufacture and 
maintenance, there is no other bear- 
ing which is so economical. 


Service Conditions 
That Indicate 
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THE MARKED lower first cost of group drive 


is shown in Table II. 


Where a group of ma- 


chines is driven by a direct-current motor, the 
difference in cost stops at the motor distribu- 


tion cabinet. 


Power factor enters the com- 


parison with alternating-current drive and the 
difference in cost follows all the way back 
through the distribution cable and the sub- 
station to the power house. 


When to Use Group 


and Individual Drives 


Together with Practical Operating Requirements 
and Supporting Data Developed from Long Experi- 
ence in Mill and Factory Work 


By ROBERT W. DRAKE 


Electrical Engineer, McCormick Works, 
International Harvester Company, 
Chicago, Ill. 


DETAILED ANALYSIS of 
Ae reputed advantages of in- 

dividual drives as compared 
with group drives will show that the 
latter have a much wider field of ap- 
plication than is commonly supposed. 
In the article by the writer in the 
February issue of INDUSTRIAL ENGI- 
NEER, the reputed advantages of in- 
dividual drives were rather fully 
discussed together with the main 
features of applications wherein 
these drives are superior. In this 
article the reputed advantages of 
group drives are taken up and a 
comparison is drawn between the in- 


vestment and operating cost of 
group and individual drives. 

The lower first cost of group drive 
is very marked. With individual 
drive there is an increased cost due 
to the larger number of motors re- 


THIS IS the second of a series of 
articles that analyzes in detail the 
advantages of group and individual 
drives. The first article appeared 
in the February issue and dis- 
cussed fully the principal reputed 


advantages of the individual drive. 
In this article Mr. Drake takes up 
the principal reputed advantages 


of group drives. The third article 
of this series will discuss details 
of layout and operation of group 
and individual drives. 

> 


a 


quired and to the increased amount 
of wiring necessary. The cost per 
horsepower of motors, including con- 
trollers and branch circuit wiring, is 
likely to average, roughly, $20 for 
group drive, to $75 for individual 
drive. 

As was pointed out in the pre- 
ceding article, from three to five 
times greater installed capacity is re- 
quired with individual drive; hence 
the cost of this item for a given in- 
stallation will be in the ratio of $20 
for group to $225 to $375 for indi- 
vidual drive. 

There is also to be considered the 
difference in cost of the generating 
equipment. Where a group of ma- 
chines is driven by a direct-current 
motor the difference in cost stops at 
the motor-distribution cabinet. 
Power factor enters the comparison 
with alternating current and the dif- 
ference in cost follows all the way 
back through the distribution cable, 
the substation, to the power house. 

The cost of generating and dis- 
tributing equipment required to 
drive a motor horsepower is, with 
the exception of boilers, proportional 
to the amperes required by the load, 
not to the power required, and will 
vary from $275 for horsepower of 
load operating at an average of 80 
per cent power factor (well-planned 
group drive plant including lighting 
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load), to $340 for a horsepower of 
load having an inherent power fac- 
tor of 50 per cent (average for a 
well-planned individual drive includ- 
ing lighting load). 

Public service companies realize 
this fact even better than the power 
users who generate their own en- 
ergy, and most large power con- 
tracts include a clause that increases 
the unit price for power when the 
power factor falls below 70 per cent 
to 80 per cent. Many contracts in- 
clude a reduction of rate for power 
factors higher than that specified. 
When compared with such differ- 
ences in cost of purchased power or 
with the fixed charges on generating 
equipment, the relatively small cost 
of the actual miotors sinks into in- 
significance. 

The above investment costs for 
handling an individually-driven load 
of low power factor assume that the 
power factor will be corrected by 
static or synchronous condensers, 
and include the cost of the necessary 
equipment. The writer believes that 
synchronous motors should be used 
wherever they are really suitable in 
either group drive or individual 
drives. It is exceptional to find suit- 
able applications (without sacrific- 
ing reliability), for such. motors, in 
sufficient aggregate capacity to 
bring the power factor of even a 
group-drive plant above an ideal fig- 
ure of 85 per cent. Then, in the case 
of an individually-driven plant the 
additional power factor correction 
necessary to bring the average plant 
power factor up to the same figure 
represents an additional investment 
chargeable to power factor correc- 
tion alone. This investment and the 
resulting fixed charges together 
with energy losses and maintenance 
costs are generally warranted in the 
case of a large, privately-operated 
system, or where power is purchased 
under a contract with a power factor 
clause. In the case of a small, 
privately-owned system it is cheaper 
to purchase non-standard generators 
designed for low power factor and 
install a heavier distribution sys- 
tem. Few plants consider the low 
power factor situation until the gen- 
erators are bought and the plant is 
in operation; so synchronous or 
static condensers are generally in 
order. 


The extra costs engendered by the 


inherently low power factor of an in- 


dividually-driven factory are seldom 
recognized. If we charge these costs 
or the costs of the expedients neces- 
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Table I— Comparison 


Moror RA TIN GS 


For one 50-hp. motor, 900 r. p. m. 


For five 10-hp. motors, 900 r. p. m... 4 
For ten 5-hp. [motors, 900 r.p.m........ 
For fifty 1-hp. motors, 1,200 r.p.m....... 


sitated to correct the low power fac- 
tor against the individual drives, as 
is just, we have one of the strongest 
arguments for group drive. 


I. Principal Reputed Advan- 
tages of Individual Drive. 


A. Elimination of overhead shaft- 
ing and belting. 
1. Lineshaft friction losses 
eliminated. 
. Maintenance of shafting 
and belting eliminated. 
Cleaner shop. 
. Better light. 
Closer speed adjustment 
of the tool to the work. 


B. Location of machines to suit 
the continuity of a manufac- 
turing process without regard 
to the location of lineshafting. 


C. When only a small proportion 
of the installed machines is 
to be operated (e. g., over- 
time or slack season) it is 
not necessary to operate idle 
shafting and belting. 


On large work the tool may 
be taken to the work instead 
of the work to the tool. 


II. Principal Reputed Advan- 
tages of Group Drive. 


A. General advantages. 

1. Lower first cost. 

2. Lower electrical mainte- 
nance expense. 

3. Breakdowns with conse- 
quent delay to produc- 
tion less frequent. | 

„Possible to standardize 
more fully on motor 
styles and speeds, with 
consequent possibility of 
carrying complete line of 
spares and resulting in 
greatly decreased delay 
from such breakdowns 
as do occur. 


B. Particular advantages when 
using a.c. power. 

1. Here the lower first cost 
extends back through the 
distribution system and 

to the power house. 

If the power is pure- 
chased, this is reflected 
in a lower unit cost for 
power because of the 
greatly increased power , 
factor attainable with 
group drive. 
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GROUP DRIVE Has LOWER ELEC- 
TRICAL MAINTENANCE EXPENSE . 


Routine maintenance and inspec- 
tion of each small motor costs almost 
as much as for a large one. The 
cost of repairs does vary somewhat 
with motor size, but by no means in 
proportion to size. The comparison 
in Table I will bring this out plainly. 

Now the number of repairs is far 
greater per motor installed for indi- 
vidual drive motors than for motors 
driving groups. This may seem sur- 
prising, for the individual motors 
generally do not run steadily; how- 
ever, the fact is incontrovertibly 
demonstrated by experience and here 
are some of the reasons: 


(1) If an extraordinary amount of 
power is demanded on an individually- 
driven machine by an uncommonly 
heavy job or by a machine adjusted too 
tight after overhauling, the motor is 
likely to “roast out.” With a group 
drive the increased demand due to a 
few such machines will be much less 
per cent overload on the motor. It is 
very uncommon to have abnormal loads 
on all machines in a group occur si- 
multaneously. 


(2) The smaller sizes of motors, es- 
pecially in the case of alternating-cur- 
rent motors, are far less rugged. On 
gear drives, many manufacturers fur- 
nish die-cast bearings which pound 
loose in the heads. Also, on the smaller 
motors used on individual drives there 
are partially-closed-slot windings which 
cannot be so thoroughly insulated from 
the core as is possible with open slot 
windings as furnished in the larger 
sizes usually applicable to group drive. 

(3) In ordinary group-drive applica- 
tions some trustworthy employee is 
delegated by the foreman to start and 
stop the motor. He can be taught, by 
very simple instructions, how to start 
and stop and what to do if the power 
goes off when machines are under load 
and the torque required to restart is 
beyond the capacity of the motor. Or- 
dinarily a man will be selected who has 
been employed in the department for 
some years and such instructions once 
given need not be repeated at unduly 
frequent intervals due to labor turn- 
over. In the case of individually-driven 
machines, everybody handles. motors, 
the least intelligent as well as the most 
intelligent. The abuse which the mo- 
tors get would be ludicrous, were it not 
so serious. Automatic devices offer the 
only protection possible against ignor- 
ance, but even automatic devices can- 
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not eliminate such troubles. They only 
reduce them. 

(4) Individual-drive motors are usu- 
ally located where they are more ex- 
posed to accident than are group-drive 
motors, which are ordinarily mounted 
on the ceiling. Motors on the floor or 
mounted on a machine are more ex- 
posed to dust and dirt, which wear out 
the bearings. They require more fre- 
quent cleaning due to metallic and 
other conducting dust which works into 
the winding, causing grounded coils 
(especially on partially-elosed-slot 
windings) and to water and to oil when 
these are present in the process. For- 
eign bodies such as metal chips, etc., 
are more likely to enter the air gap 
and “rip” the coils. 

(5) Many individual drives are of 
necessity geared, which wears out bear- 
ings more rapidly than do belt drives. 
The life of bearings in belt drives un- 
der favorable conditions averaged 
eight years in one plant under my 
charge. With gear drives a life of that 
many months is not uncommon, and in 
one application six weeks service was 
all that we could realize with standard 
motors. 

(6) Many individual drives are silent 
chain drives, which are excellent while 
the chain is in good condition. When 
one pin or pivot in the chain fails, how- 
ever, the distance between teeth of the 
chain is increased at that point and 
each time this point in the chain passes 
around the motor pinion it strikes a 
hammer blow, the effect of which is 
astonishing. When it is necessary to 
continue such a drive in service for a 
few hours until noon or until shift- 
changing time, the motor not infre- 
quently breaks down. If it runs 
through, the bearing shells are worn 
on the outside so as to be unfit for re- 
babbitting: the head is worn on the 
inside so that it must be replaced, since 
even a new bearing will be loose there- 


Group drive arranged without the 
use of lineshafting. 


By the use of two pulleys on each end 
of the motor shaft four machines are 
driven in a group. This scheme com- 
bines the advantages of group drive 
with some of the advantages of indi- 
vidual drive. 
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Building construction and lighting 
are points to consider when select- 
ing types of drives. 


In manufacturing buildings as they are 
constructed nowadays, with walls that 
are all windows and with high ceil- 
ings, the shafting and belting necessary 
for an intelligently-planned group 
drive of 10 hp. to 50 hp. cannot be said 
to interfere soua with either the 
natural or artificial lighting. 


in, and not infrequently the slot insu- 
lation is so worn at the end of the slot 
by the excessive vibration that a 
ground soon occurs. 


The cost of routine inspection of 
each small motor (individual drive) 
is substantially the same as the cor- 
responding cost for a large motor 
(group drive). The writer’s expe- 
rience shows that it pays to have a 
motor inspector visit each motor 
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every day. This matter is further 
discussed in the third section of 
this series of articles. 

The cost of repairs for each small 
motor (as ordinarily installed for 
individual drive) will average higher 
than the repairs on a larger motor 
driving a group of machines in sim- 
ilar surroundings. The unit cost of 
bearings, rewinding, and the like, is 
somewhat less for the smaller mo- 
tors, but for reasons explained above, 
the frequency of repair averages 
much higher and the total average 
annual cost of repairs per motor is 
considerably higher in the case of 
individual drive. For example, in 
two large industrial plants with 
which the writer is familiar, one 
principally group driven, and one 
approximately 50 per cent individu- 
ally driven, with the class of manu- 
facturing roughly similar and the 
total number of motors in each plant 
approximately the same, the total 
cost of motor repairs in the plant 
where 50 per cent of the motors are 
on individual drives is more than 
twice that of the group-drive plant. 

The above comments give a rough 
idea of the relative cost of mainte- 
nance per motor. The relative total 
cost of motor and starter repairs is 
harder still to approximate because 
of the great difference in service con- 
ditions, such as the average number 
of machines per group, and their lo- 
cation which involves the relative lia- 
bility to injury from flying chips en- 
tering the air gap, and so on. For 
average manufacturing conditions, I 
believe that it is entirely safe to 
state that in a plant where individ- 
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ual drive is carried to an extreme 
the electrical maintenance expense 
for motors and starters will exceed 
ten times the corresponding cost for 
an intelligently planned group drive. 

Before leaving this subject, let me 
call attention to the fact that the 
maintenance of motors alone is not 
the whole story The maintenance of 
shafting, pulleys and belting for 
group drives must be balanced 
against the saving in motor mainte- 
nance. 


RELIABILITY OF DRIVES IS AN IM- 
PORTANT. CONSIDERATION 


The choice between individual and 
group drive in any given case should 
depend upon the total annual cost. 
However, the true relative total an- 
nual costs are not by any means ap- 
proximated by the sum of interest, 
depreciation, taxes, insurance, power 
consumed, maintenance and repairs. 
Reliability is a factor which has an 
important bearing on total annual 
cost. In a large, highly-organized 
plant there are hundreds of drives 
whose temporary failure even for a 
few hours will interfere with the 
regular flow of production; there are 
dozens of drives whose failure for a 
few minutes means a loss per min- 
ute sometimes equal to the cost of 
the drive. 

There are several ways of consid- 
ering continuity of service. For ap- 
plications where a few minutes’ de- 
lay will cause large loss, the only 
certain insurance is duplicate units 
or connections with two independent 
sources of power supply. If loss 
will continue even though the re- 
mainder of the plant is temporarily 
shut down by failure of the electric 
power supply, duplicate units should 
generally be driven by steam, gas, 
Diesel, or gasoline engines. An ex- 
ample of the necessity for such 
standby service is afforded by pumps 
which supply the water for cooling 
blast furnace tuyeres, pumps for fire 
service and the like. 

The next degree of insurance com- 
prises drives which may be delayed 
for, say, one hour without undue 
loss. In many such cases in a 
highly-organized plant, delay for a 
working day means 
with flow of production; assembly, 
painting, packing, and even shipping 
will be interfered with. With skill- 
ful help well organized, and proper 
engineering on the original layout, 
such delays in connection with mo- 
tor drives can be avoided by means 
of a reasonable number of spare 
motors and a reasonable stock of re- 


interference. 


Different sizes of pulleys on the 
same shaft of a group drive will 
give several different belt speeds 
simultaneously. 


Each machine in this room requires 
two widely different speeds which must 
be delivered at the same time. 

group drive with different sizes of 
pulleys on the line shaft readily adapts 
itself to this condition. For an indi- 
vidual drive to obtain this result each 
machine would require either individ- 
ual countershafting or gearing, or else 
more than one motor for each ine. 


pair parts. Steel mills have been or- 
ganized on this basis for years, but 
most industrial plants have not yet 
reached this point. 

The first requisite is a spare mo- 
tor identical and interchangeable 
with every motor in service. Spare 
coils, bearings, pulleys, pinions and 
the like are necessary for each spare 
motor, in order that a burned-out 
motor may be put into running or- 
der in as short a time as possible. 
There is always the chance that an- 
other identical motor may break 
down before the first is repaired and 
returned to spare stock. 

The stock of spare motors re- 
quired to fulfill the above conditions 
may be reasonable, or it may be pro- 
hibitively large, depending on 
whether rigid standardization has 
or has not been followed in purchas- 
ing motors. If the purchasing de- 
partment is allowed to “shop 
around” and buy motors from a half 
dozen different manufacturers, if 
motors of various speeds, types or 
makes in the same horsepower are 
purchased, you may need half as 
many spare motors as motors in op- 
eration, which is generally out of 
the question. On the other hand, if 
after careful consideration one or 
at most two standard types and 
speeds of motor for each horsepower 


rating are selected and rigidly ad- 
hered to, even at the expense of some 
inconvenience in arranging a small 
proportion of the drives, the percent- 
age of spares necessary can, in a 
large plant, be kept between 5 and 


10 per cent of the installed motors. 


When a type of motor becomes obso- 
lete and is no longer obtainable, it is 
necessary to purchase a spare with 
the first motor of each horsepower 
of the new standard. When a motor 
of an odd or “off-standard” speed is 
purchased for some special applica- 
tion a spare motor must also be pur- 
chased, unless the drive is unimpor- 
tant. It is surprising how few odd 
motors it is necessary to have in a 
group-drive plant if a little ingenu- 
ity is used in devising expedients to 
avoid them. It may be claimed that 
it is not possible to bring a motor 
from a distant point in a big plant 
and install it on the ceiling on a 
group drive in one hour. To this I 
can only answer that in a plant un- 
der the writer’s charge, having 500 
motors aggregating well over 10,000 
hp., the electrical department failed 
in this matter less than once per 
year on the average, before the war, 
and since the war with somewhat 
less skillful men (equally good fore- 
men) the failures have averaged 
only 2% per year. Most of these 
failures are due to two breakdowns 
occurring at widely separated points 
in one “trouble district” at the same 
time, to the occurrence of a second 
breakdown involving the same size 
and style of motor before repairs 
are completed on the motor first re- 
placed, or to some similar cause. 
The necessity for the immediate 
replacement of a defective motor is 
the exception rather than the rule. 
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Frequently the replacement of only 
a part is necessary, and quite as fre- 
quently the defective motor can be 
“nursed through,” until a more con- 
venient time for replacement. 

Breakdowns with consequent de- 
lay to production are less frequent 
with group drive than with individ- 
ual drive. This results partly from 
the factors discussed under mainte- 
nance and partly because the great 
variety of motor types and speeds in 
each horsepower required by indi- 
vidual drive makes it impractical to 
stock a complete line of spares, or 
even spares for all important drives. 
With group drive if one, or at the 
most two, standard speeds for each 
horsepower are adhered to, a com- 
plete line of spares is practical and 
it never becomes necessary to wait 
until a machine can be rewound be- 
fore getting a drive back into pro- 
duction after a breakdown. 

A quantitative comparison of the 
delays resulting from individual and 


Table II— Comparison of Group and Individual Drive 


Pan 
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f group drives is outlined in the fol- 


lowing paragraphs. This compari- 
son is based on the two rooms of ma- 
chines for which the investment and 
operating costs are given in Table II. 

Group Drive—Once in fifteen 
years a delay lasting less than one 
hour. Once in 200 to 500 years a 
delay serious enough so that it will 
last more than one hour, and the men 
will be sent home for the rest of the 
day. l 

Individual Drive-—O nce every 
three months some machine is out 
of service for an hour or more due to 
motor or starter trouble. 

Due to the great variety of speeds, 
styles and types of motors a com- 
plete line of spares is inadvisable. 
Consequently about half these delays 
result in a shutdown until the fol- 
lowing day and, roughly, one-fifth 
involves a delay until a motor can be 
rewound. This may mean three 
days, or more if another rush re- 
winding job is ahead of it. 


Costs for a Specific Installation 


Tota Cost or DRIVES 


Cost of shafting, countershafts, hangers and belting, 
motors, starters, branch wiring and pro-rated cabinet 
cost, including installation and overhead 

Power factor of motor load in room, average.......... 

Pro-rata cost of mains from substation or power house 

I am assuming a moderate sized factory 

employing say 3500 men. Mean length feeders from 

power house or substation bus to manufacturing rooms 


cabinet. 


600 ft., voltage 440 


Proportionate cost of power house equipment to serve 
room, including cost of reserve capacity necessary to 
assure service, and proportionate cost of power factor 
corrective equipment required to maintain 75 per 
cent power factouůůuu..Nl 

Proportionate part of investment in spares and spare 
parts for motors, starters, controllers, etc............ 25 


Total cost of above items............... 


OPERATING EXPENSES PER YEAR 


‚G—L„ç— assos o ⏑οY 77533335 


INDIVIDUAL 


$13,400 
30% 


1,200 


13,350 14,850 
450 


$18,810 $29,900 


INDIVIDUAL 


Annual fixed charges on investment, interest, deprecia- 
tion, insurance and taxes at 15% total first cost. 
Amount of coal burned or amount of energy purchased. 
Maintenance and repairs of belts, including belt re- 
Pe ⁵ ⁵⁵⁵( eee OS ve ae $ 25 
Maintenance and repairs of shafting and countershafting 75 


eo es © © © „„ „„ 


Maintenance and repairs on pinions, chain, eto. 60 
Maintenance and repairs of motors, starters and wiring 57 345 
Maintenance and repairs of power factor corrective 

equipment......... j E eG AE act ke), eae uote 10 
Cleaning lamps and reflectors....................05- 30 15 
Window washing.............. 000.0 cece eee 15 10 
Painting room inside per year (pneumatic paint machine) 20 8 
Grand Total (fixed charges plus operating costs). $3,247 $4,963 


*This is essentially the same for either installation as shown on page 59 of 
The lower motor efficiency with individual drive offsets the 


the February issue. 


lineshaft and belt losses. If one or two machines are only occasionally operated 
overtime alone, the annual losses in the power-factor-correcting equipment 
necessitated by individual drive will offset the overtime lineshaft and belt losses 
of the group drive. 
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Above I have discussed in a qual- 
itative way, the relative advantages 
and disadvantages of group and in- 
dividual drives. Each has its field 
where it is generally admitted to be 
unwise to attempt to apply the other. 

There is a large middle ground 
where many installations of each 
sort have been made. To make the 
discussion clearer in some respects, 
I will give an approximate estimate 
of the total annual costs of operation 
for one manufacturing room, group 
driven, and for a room containing 
the same machines individually 
driven. It is useless to attempt any 
precise estimate of quantities for 
this purpose, for conditions vary 
with every industrial establishment 
and precise costs deduced for one 
plant are not always applicable to 
another. All that I hope to accomp- 
lish is to give a better idea of the 
relative importance of the various 
items which have entered into the 
above discussion. 

I have chosen a room containing 
machine tools used in the produc- 
tion of rather accurate parts, inter- 
changeable manufacturing, of 
course. This room contains twenty- 
three machine tools which can be 
driven in a single group requiring a 
40-hp. motor, or they can be driven 
by twenty motors driving individual 
machines and one motor driving 
three machines. In the following 
comparison (Table II) all items 
which are substantially equal for 
the two drives compared have been 
omitted. 

This comparison shows a differ- 
ence in annual operating expense 
of $1,700 in favor of group drive. In- 
asmuch as there are twenty ma- 
chines that can be individually 
driven, this annual difference 
amounts to $85 per machine per 
year. On at least half the machines 
in the room individual drive could 
not help in any way to increase out- 
put. Thus on the other ten ma- 
chines, individual drive must save 
the equivalent of $170 per machine 
per year to justify complete individ- 
ual drive of all of the machines com- 
pared. 

In this particular case the logical 
solution, in my opinion, is individual 
drive for those machines where it 
will result in a real gain in output, 
with group drive for the remainder 
of the room, but in two groups, one 
small group being separate, since in 
this vicinity the handling of the 
work dictates the location of three 
machines which may be expected to 
work overtime during rush seasons. 
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How to Check Up 
On Insulating 


Varnishes 
and Their 
Solvents 


To Make Sure They 
Are Suitable for 
Coils and Windings 
and to Know When 
They Are Properly 
Applied 


MR. HAZELTINE GIVES these 
practical suggestions and the rea- 
sons for them: 


Keep the varnish tightly covered 
when not in use. Buy a hydro- 
meter and use it. Determine the 
specific gravity at which the var- 
nish works best for a particular 
job. Then take readings of the 
gravity every day before you start 
to use it and add thinner when 
necessary to keep the varnish at 
the proper consistency. When 
thinning be sure that varnish and 
reducer are at the same tempera- 
ture. Add thinner slowly and 
stir it thoroughly all the while. 
When cold thinner is added too 
rapidly it is liable to throw the 
varnish base out of solution. 


Large quantities when put in too 
quickly often cause a like result. 


Warmth aids the union; hence it 
is better to have the varnish and 
the reducer at a temperature of 
between 70 deg. F. and 90 deg. F. 
After the thinner has been added, 
stir until properly mixed. There 
seems to be an impression that 
repeated thinning destroys the 
qualities of the varnish. This is 
not true. Remember it is the 
base of the varnish that gives you 
the insulation. The base does not 
evaporate. When adding thinner 
you are simply replacing that 
which has disappeared. 


This is the first of a series of ar- 
ticles on insulating varnishes. The 
second article will take up var- 
nishes and the equipment needed 
for application; the third, var- 
nishes and their troubles; and the 
fourth, selection of varnishes. 
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By H. L. HAZELTINE 


Engineer of Insulation, The Sterling 
Varnish Co., Pittsburgh, Pa. 


HE INSULATION of elec- 
] trical apparatus has always 

presented to electrical engi- 
neers and those in charge of repair 
work, many perplexing difficulties. 
If it were simply a matter of pro- 
tecting windings against electrical 
stress, grounds or shorts, the solu- 
tion would be comparatively simple. 
The fibrous covering, such as cotton 
or silk, over the conductors keeps 
them separate and provides a space 
sufficient to prevent any electrical 
breakdown as long as the covering 
remains dry. Unfortunately, how- 
ever, this fibrous covering has a 
great tendency to absorb oil, water 
and moisture from the air. These 
substances draw in with them actu- 
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ally conducting ingredients, such as 
carbon dust, which soon provides in 
service a direct path for the passage 
of the electric current. Also in the 
winding of coils this fibrous insulat 
tion is often pushed to one side, thus 
bringing the conductors too close to- 
gether and oftentimes into actual 
contact. 

Furthermore, in moving parts 
such as motor armatures, the coils 
must be held rigidly in place in or- 
der to keep them from being thrown 
by centrifugal force. Wedges driven 
into the slots are not sufficient, par- 
ticularly to prevent the throwing out 
of the commutator leads and the 
loosening of the coils at the pinion 
end. 

It is evident that a liquid material 
which will penetrate the interstices 
of the windings, and upon drying 
will provide a coat impervious to the 
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action of moisture, oil, acids or alka- 
lis, and be sufficiently hard to pre- 
vent the passage of hard particles of 
conducting materials, such as car- 
bon or metallic dust, would be ideal. 
This is the function of insulating 
varnish. ` te, SE we ot 
Insulating varnishes have been for 
many years universally used in the 
construction. of electrical. machines 


and it seems strange that so little. 


authentic knowledge concerning 


them is possessed by the men in ac- - 


tual charge of their application. 
They are indeed so little understood 
that the user often regards varnish 
as the cause of many of his troubles. 
In fact, varnish makes an excellent 
scapegoat for defects in insulation. 
The manufacturer (who has the 
only first-hand knowledge of his 
product) will advise to the best of 
his ability, and yet his information 
is often regarded with suspicion. 

Nevertheless complaints, made in 
good faith, are received occasionally 
which show the vague general knowl- 
edge concerning this class of mate- 
rial. For example, oe manufac- 
turer of motors writes: “The black 
varnish we are using does not give 
any color on the coils.” Investiga- 
tion showed he had emptied a drum 
of thinner into his varnish tank and 
forgotten to stir it. Another wrote: 
“The varnish eats holes in tin,” al- 
though it had been stored and ship- 
ped in ordinary tin cans. Another 
inquires as to the varnish to use on 
9,000 volts service—nothing else be- 
ing specified. 

It is the purpose of this series of 
articles to clear up these misunder- 
standings and to assist the user in 
a more intelligent selection and ap- 
plication of insulating varnishes. 

Varnish is a combination of dry- 
ing oils, gum, drier and solvent. An 
fnsulating varnish may, therefore, 
be defined as such a combination of 
drying oils, gums, driers and solv- 
ents as to be a high dielectric, wet 
or dry, both in ohmic resistance and 
disruptive strength. Its solvent be- 
fore evaporation should answer the 
same requirements. The coating 
once applied and dried should be ad- 
herent, binding and mechanically 
strong. Furthermore, it should not 
lose either its electrical or physical 
qualities when subjected to the con- 
tinued action of heat and electrical 
stress—developed by the machine it- 
self—combined with the action of 
acids, alkalis and moisture which 
may be present in the surrounding 
environment. It should be remem- 
bered that the function of insulating 
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varnish is largely a mechanical one. 
It is a general axiom in electrical 
work that if we correct mechanical 
difficulties, the electrical ones will 
take care of themselves. 

It is very difficult to.make an ab- 


. solutely definite classification of in- 
‘sulating varnishes. 


The distinction 
between the classes is vague and 
there are many cases of overlap- 
ping; hence any grouping. which we 
make must be regarded as purely ar- 
bitrary and for the purpose of pin- 
ning our attention to certain types 
of materials. ö 

Classes of Varnishes.—Insulating 
varnishes may be divided into two 
broad classes: (1) Those which dry 
by simple evaporation of the solv- 
ent. (2) Those which after the elim- 
ination of the solvent harden by rea- 
son of a chemical change in the 
structure. Such products are said 
to dry by oxidation, that is, the pres- 
ence of oxygen, or air containing 
oxygen, is required throughout the 
drying process. These classes fall 
into two color subdivisions—clear 
and black—which are again sepa- 
rated into two groups—air drying 
and baking—as shown below. 
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that is, by a readjustment of the 
structure of the molecules entering 
into its composition, and not by the 
absorption of oxygen. However, it 
must be remembered that water con- 
tains a certain quantity of free oxy- 
gen and this undoubtedly acts upon 
the oil and causes it to dry. Fur- 
thermore, if the statement were true, 
chinawood oil varnishes would not 
skin over on the outside but would 
dry uniformly throughout. This has 
not been our experience. We have 
found that a skin forms during the 
drying leaving a certain amount of 
undried varnish underneath and this 
has also been the experience of 
others. 

Equally good varnishes can ‘be 
made with either oil, but aside from 
the quicker drying of the chinawood 
oil there is no characteristic which 
makes it superior to linseed oil. It 
must be remembered that many so- 
called chinawood-oil varnishes con- 
tain only enough wood oil to render 
possible the use of the name. Fur- 
thermore, it must be remembered 
that a greater percentage of gum, 
particularly common rosin, may be 
used in their manufacture. This of 
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OXIDIZING V ARNISHES 


Clear Black 


Baking 
Air Drying 


Baking 
Air Drying 


This grouping has its faults 
since it is quite obvious that some 
air drying varnishes may be baked 
and that almost any baking varnish 
will air dry if given sufficient time. 

Another classification could be 
made according to the nature of the 
vegetable oils used in the manufac- 
ture of the varnishes. The principal 
oils are linseed and chinawood. 
There has been much discussion in 
recent years as to the relative merits 
of these two materials, and many 
extravagant claims have been made 
for varnishes containing the latter 
oil. It is not our intention to take 
sides but we will endeavor to point 
out the characteristics of each oil. 

It is true that chinawood oil dries 
more quickly and requires the pres- 
ense of a lesser amount of oxygen 
than does linseed oil. It will even 
dry under water and this character- 
istic has been the basis for the claims 
that the oil dries by polymerization, 
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course results in a more brittle prod- 
uct. It is a question whether the 
rapidity of the drying of the china- 
wood-oil products is due to the ex- 
cess gum or the nature of the oil. 

In general, the quicker the drying 
of any varnish the shorter is its life 
when exposed to operating conditions 
where it is subjected to continued 
heating and cooling and the vibra- 
tion of the machine itself. Again, 
chinawood oil is a product of for- 
eign manufacture and hence we are 
unable to control either the price or 
its purity. Linseed oil, on the other 
hand, is a more nearly native prod- 
uct and its purity can be very closely 
regulated. 

We could group varnishes accord- 
ing to the percentage of drying oil 
contained. You have doubtless heard 
the expression, long oil“ or “short 
oil” varnishes. A varnish is said to 
be long in oil when the amount of 
oil contained is large in comparison 
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with the amount of gum. When this 
condition is reversed, that is, when 
the material contains a large amount 
of gum and a small amount of oil, it 
is said to be short in oil. ` 

In the clear, or transparent var- 
nishes, rosin is the commonest gum 
used. This gum is naturally a very 
brittle substance and hence var- 
nishes containing large amounts of 
it have a tendency to become brittle 
and crumble. Black varnishes are, 
generally speaking, less oil resistant 
than are the clear varnishes, but 
they are much more proof against, 
water and acids. Their color is de- 
rived from black gums. These gums 
are usually more flexible than those 
used in the clear materials; hence 
they will generally withstand con- 
tinued heating better. 

What is Meant by Life Tests.— 
There has been a demand occasion- 
ally for materials that will with- 
stand so-called “life” tests. These 
tests are made by coating paper or 
cloth with varnish and baking in an 
oven until the film cracks when the 
sheet is bent about a mandrel of a 
given radius. The number of hours 
required before the material cracks 
is a measure of the life“ or the 
“flexibility” of the varnish. The de- 
mand has been for materials that 
will stand this test for several days, 
and even weeks. To obtain the re- 
sults desired, the manufacturer has 
reduced the amount of drying oil and 
increased the percentage of gum, us- 
ing very soft pitches for this pur- 
pose. Varnishes having great length 
of life have even been made with no 
oil at all. They are simply solutions 
of the soft pitch in suitable solvents. 
They would be classed as non-oxidiz- 
ing varnishes, inasmuch as they dry 
solely by the evaporation of the 
solvent. 

It is a peculiar thing that although 
such materials stand up very well on 
laboratory tests for flexibility, as de- 
scribed above, they do not stand up 
in service as well as the long-oil prod- 
ucts do. It seems that machines in 
operation are subjected not so much 
to a constant heat as to repeated 
heating and cooling, and also to con- 
siderable vibration. The short-oil 
products, or those containing no oil, 
are dried out in service and pounded 
by the vibration until they pulverize, 
whereas those long in oil do not show 
this characteristic. They seem to 
have the ability to stretch with the 
expansion and contraction of the 
metal in the machine, and because 
of this are not affected by the vibra- 


tions. ‘We call this quality “‘elastic- 
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ity” to distinguish it from “flexi- 
bility” or “life.” It cannot be 
determined by test but shows up 
only in service. 

The pitches used in the non-oil 
products are similar to the solid com- 
pounds which are sometimes used for 
the filling of coils. These solid com- 
pounds are brought to a liquid state 
by heat and then applied to the wind- 
ings. As they cool they solidify, but 
of course will resoften when sub- 
jected to heat. Hence, varnishes 
consisting of a solution of these 
products will soften and show a de- 
cided tendency to flow when exposed 
to the heat developed by machines 
in service. 

Points on Long-Oil and Short-Oil 
Varnishes.—Let us now make sure 
that we have these facts straight as 
far as we have gone. Long-oil var- 
nishes, either clear or black, are 
strong and adhesive. They have 


Table I.—Information needed to 
know when a thinner has a “nar- 
row cut.” See Fig. 1. 
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considerable “elasticity” and will 
withstand much vibration without 
crumbling. Short-oil clears have 
little “elasticity” or “flexibility.” 
They require a short bake and are 
very strong mechanically. Short-oil 
blacks, on the other hand, have little 
“elasticity” but maximum “flexibil- 
ity.” They have little binding power. 
Both of the last two types show a 
decided tendency to soften and flow 
under heat, a characteristic which is, 
in many cases, objectionable. 

Air-drying varnishes are gener- 
ally those containing very little oil. 
Oftentimes they are simply solutions 
of solvent and gum. If they do con- 
tain oil there is so little present that 
they can be said to dry by the simple 
evaporation of the solvent. They 
have little strength, flexibility or 
elasticity and are used mainly for 
finishing where added protection is 
needed against external conditions 
such as oils, acids, water or alkalis. 
Generally speaking,.the faster the 
varnish dries the more brittle is the 
final coating. 
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We have discussed so far the dry- 
ing oils and gums used in the manu- 
facture of varnish. There remains 
only a discussion of the solvent. 
This material is merely a vehicle 
used to spread the oils and gums uni- 
formly over the surface or to carry 
these products, which provide the 
real insulation, into the interior of 
the coils. Once the varnish has been 
applied the solvent’s function is over 
and it passes off into the air. Hence, 
in the drying of any varnish the first 
action is to drive off the solvent and 
the second is to oxidize the base, con- 
sisting of oils and gums, to produce 
a hard film. 

It is obvious that the varnish 
should be supplied by the manufac- 
turer at such a consistency and vis- 
cosity that its uniform application is 
easy, and that it should contain the 
least amount of solvent consistent 
with this. In other words, it should 
have the largest amount of base, or 
useful material, that is, oil and gum. 

When the varnish is kept in open 
or partially-closed dipping tanks the 
solvent evaporates and must be re- 
placed before the loss becomes too 
great. Otherwise the material be- 
comes so thick and viscous that thin- 
ning becomes a very difficult, if not 
an impossible, task. It is sometimes 
found that after a varnish has been 
repeatedly thinned, it seems to flow 
more and possess less covering and 
filling powers, although having the 
proper gravity. It may also require 
a longer drying period. This is prob- 
ably due to using a thinner with 
too wide a cut. The lighter 
fractions or chemical constituents 
have slowly evaporated leaving only 
the heavier ones. 
be reached where the varnish at a 
given gravity does not possess the 
amount of base desired. When such 
a condition arises it is advisable to 
allow still more thinner to evapor- 
ate and use the varnish at some 
heavier gravity that trial shows will 
give the desired coating and conse- 
quent protection. 

How to Select Thinners.—It is 
best in selecting a thinner to choose 
one having characteristics as nearly 
as possible like that used in the 
original varnish. Uniform petro- 
leum distillates, such as benzine and 
petroleum spirits, are becoming more 
and more difficult to obtain and it is 
better to buy such products on speci- 
fication. They should have a nar- 
row cut, that is, they should contain 
no fractions distilling at either very 
high or very low temperatures. 
They should be free from paraffine, 


A point may thus 
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grease, or heavy oil, and should mix 
with the varnish without “livering” 
or curdling it. 

Table I illustrates the meaning of 
the term “narrow cut.” The curves 
shown in Fig. 1 are plotted from the 
values in Table I. These reducers 
having the flattest curve have the 
narrowest cut. Any reducer having 
a characteristic curve similar to 
these is suitable for varnish, pro- 
vided it is of the same type as that 
used in the fresh varnish. 

The apparatus, and its arrange- 
ment, used in the determination of 
these characteristics is shown in 
Fig. 2. The flask used is of the reg- 
ular Engler type, with the side tube 
at the middle of the neck. Its capa- 
city should be at least double the 
quantity of the liquid distilled. The 
side tube should be extended into 
the condenser where the water 
comes into contact with the inner 
tube. The thermometer is placed so 
that the mercury bulb is just even 
with this side tube so as to record 
the temperature of the vapor as it 


Fig. 1.—Curves plotted from data 
given in Table I. 


The thinner with the flattest curve has 
the “narrowest cut.” This means that 


it contains no constituents that distill 

at either very high or very low tem- 
peratures, 

paraffin, grease or heavy oil and should 

m win the varnish without curd- 
ng 


It should also be free from 


Vol.82, No.3 
passes into the condenser. When 
one is also placed in the liquid it 
records a degree or two higher. The 
test is run as follows: Measure 100 
cubic centimeters of the material to 
be tested in a graduated cylinder 
and then pour it carefully into the 
distilling flask. Use the same grad- 
uated cylinder to receive the dis- 
tilled solvent. Place the flask in po- 
sition upon a wire gauze and regu- 
late the flame so that it just touches 
the gauze. As soon as the first drop 
falls into the receiving cylinder, re- 
cord the temperature and so regu- 
date the flame that the distillation 
goes on at the rate of about two 
drops per second. Then note the 
quantity in the receiver when the 
next 10 deg. point is reached on the 
thermometer, and for every 10 deg. 
thereafter. For example: If the 
first drop falls at 64 deg. C., the 
next reading should be made at 
74 deg. C., and so on. Continue the 
distillation until the point is reached 
where the last drop is vaporized, in- 
dicated by a puff of white vapor in 
the bottom of the flask. 

The solvents generally used in in- 
sulating varnishes are petroleum 
distillates (such as benzine and pe- 
troleum spirits), coal tar distillates, 
and turpentine, or a mixture of 
these. Wood or especially-denatured 
alcohol is also used to a certain de- 
gree. In the curves shown in Fig. 1 
the one marked F-181 is the distilla- 
tion curve for pure 62 deg. benzine; 
that marked F-160 is for coal tar 
distillate; F-149 is a combination of 
the two,-85 per cent benzine and 15 
per cent coal tar distillate; F-50 is 
a combination of the two in equal 
proportions; F-100 is the curve for 
petroleum spirits. 

Benzine (F-181) has already been 
partially described. It has the low- 
est solvent powers of any of the ma- 
terials mentioned. On this account 
and because of its rapid drying, var- 
nishes containing this solvent are es- 
pecially adapted for use with enam- 
eled wire. 

Petroleum spirits (F-100), some- 
times known as turpentine substi- 
tute, has greater solvent powers 
than the lighter distillates. Its flash 
point is over 100 deg. F. and for 
that reason it is not dangerously in- 
flammable at ordinary room temper- 
atures. Inasmuch as it evaporates 
much more slowly than benzine, 
varnishes containing it are charac- 
terized by a smooth, even flow of the 
film and by great penetrative pow- 
ers. Also, because of this the sol- 
vent does (Continued on page 156) 
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DURING THE past year there has 
appeared in INDUSTRIAL ENGINEER a 
series of articles dealing with prob- 
lems associated with the installa- 
tion and operation of mechanical 
power transmission equipment. 
These articles have covered belts, 
pulleys, silent chains, gears, speed 
reducers, rigid and flexible coup- 
lings, and friction and magnetic 
clutches and cutoff couplings. This 
article, which is a continuation of 
the series on clutches and cutoff 
couplings, takes up the information 
necessary when ordering and install- 
ing them and the operating condi- 
tions which are the most favorable. 
The purpose of this group of articles 
has been to present current prac- 
tice in connection with the construc- 
tion and application of the various 
mechanical power transmission ele- 
ments and particularly to emphasize 
results possible when these problems 
are given more thought and care. 


Practical Points 
To Consider When 
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Operating Clutches 
and Cutoff Couplings 


So As to Obtain the Service Expected 
Without Interruption of Production 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


( Sings, a. and cutoff coup- 
i lings, as pointed out in an ar- 

ticle in the January issue of 
the INDUSTRIAL ENGINEER, are used 
for temporary or intermittent dis- 
connections of sections of shafting 
machines or other equipment when 
it is desired to save the power loss 
which would occur if they were per- 
mitted to operate continuously. 
While the previous article covered 
their construction and application, 
this article will take up some of the 
practical points connected with the 
specifying, installation and opera- 
tion of friction clutches and cutoff 
couplings. 

Probably the most important con- 
sideration is to obtain a clutch or 
coupling of the proper size for the 
load. Equipment too small for the 
load is no doubt the greatest single 


cause of trouble. Friction clutches 
and couplings axe rated, like flexible 
couplings, according to the horse- 
power they will transmit per 
100 r.p.m. However, the total load 
of the clutch should be figured to 
include all possible overloads. For 
example, if a clutch is connected into 
a pulley driving a machine normally 
requiring 10 hp., but which may 
have a 50 per cent overload, the rat- 


ing of the clutch should be at least 


15 hp. to assure freedom from 
trouble. 

Perhaps the most severe load on a 
clutch is given by the pulsations of 
a single-cylinder gas engine. 
ordinarily requires a clutch with 
twice the normal engine rating per 
100 r.p.m. Other severe service is 
in connection with stamping mills, 
punches, shears, mixing machines, 
pulverizing and grinding mills, rub- 
ber rolls, and other similar ma- 
chines. One manufacturer recom- 


This 


This battery of punch presses is 
driven directly from a lineshaft 
through individual clutch pulleys 
for each machine. 


Ordinarily, unless countershafts are 
used. it would be necessary to operate 
the flywheel of the punch press con- 
tinuously, even oug e press were 
idle. With these friction clutches for 
each machine on the lineshaft, coun- 
tershafts are eliminated and it is pos- 
sible to cut out any number of presses 
and eliminate all friction losses except 
those due to the lineshaft and to the 
presses operating. Also, with such an 
arrangement as this, it is not neces- 
sary to rt the driving motor under 
load, as all the presses can be thrown 
out at the friction clutches. 


mends the following increases in 
rating because of the service re- 
quirements: 

For single-cylinder gas engines, 
double the rated capacity of the en- 
gine, based on the same speed; for 
two-cylinder gas engines, add 50 to 
75 per cent to the engine rating; for 
three-cylinder gas engines, increase 
25 to 50 per cent in rating; for en- 
gines with four or’ more cylinders, 
an equal rated capacity. 

Where clutches are attached di- 
rectly to the engines the above con- 
ditions must be adhered to but 
where attached to driven or receiv- 
ing pulleys, a slight reduction in 
capacity is permitted. In case of 
doubt it is well to consult the manu- 
facturer of the clutch who will ad- 
vise from his experience. 

Any service where the movement 
of shafting is not continuous is out 
of the ordinary and in selecting 
clutches conditions must be analyzed 
carefully and a clutch of sufficient 
capacity provided. Some of the spe- 
cial considerations are found in con- 
nection with a clutch which is re- 
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Ways of Using Clutches and Cutoff Couplings 


Nine Applications of Friction and Magnetic Units 
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Tr 


A—Here clutches enable the entire line- 
shaft as well as individual machines to be 
cut out when not required without shut- 
ting down the whole plant or continu- 
ing to operate with heavy friction losses. 


B—Foot-operated clutch and brake. 
C 


D—This large press is tripped through a 
clutch attached to the flywheel. 


E—A clutch installation in the driving 
mechanism of a paper machine. 


A guarded clutch on a heavy machine. 


F—Totally-enclosed, cut-off coupling on a 
lineshaft driven by silent chains. 


G—Many large presses are set in motion 
through a friction or jaw clutch. 


H—A clutch with lever trip for starting 
and stopping. 
I—Here a 10-in. magnetic clutch is used in 


controlling one of the automatic mo- 
tions of a spacing machine. 
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An example of the expanding-ring 
type of friction clutch. 


This clutch consists of a combined 
clutch casing and sleeve which rides 
free upon the shaft and upon which the 
pulley, gear, sprocket, or similar mem- 
ber is fixed. Within the casing is an 
expancee ring, which is keyed to 
the shaft, and makes frictional contact 
wi the inner surface of e annk 
when expanded by two floating stee 
fingers and floating pins located within 
the ring. An oil and dust-tight cover 
encloses the clutch mechanism. 


quired to start heavy masses from a 
state of rest; for instance, heavy fly- 
wheels, armatures and centrifugal 
separators. Also, large clutches 
must be provided to meet the condi- 
tions incidental to the operation of 
pumps, air compressors, and ma- 
chines that are often started while 
under load, as saw mills, rolling 
mills, crushing plants and other sim- 
ilar machines. Because of the in- 
creased friction and heat, it is also 
advisable to use clutches of increased 
capacity when conditions require 
high speed or frequent engagement 
and disengagement. Perhaps the 
best general rule to apply in the 
selection of a clutch is to use one 
with the full rated capacity of the 
pulley to which it is connected at the 
rated speed, or of a double belt of 
the proper width for the pulley. 
Another reason for installing a 
clutch of the full rated capacity of 
the pulley which it may be called 
upon to drive, is that manufacturers 
frequently under-specify the power 
required to drive their machines and 
also when connected to a group of 
lineshafting, in particular, additional 


INDUSTRIAL ENGINEER 


or larger machines may be added at 
any time. For this reason, for a 
lineshaft cutoff coupling it is always 
well to install a coupling of the full 
capacity of the lineshaft. It is also 
advisable when figuring the horse- 
power rating of a friction clutch or 
coupling, to take into consideration 
the effect of suddenly applied loads 
and the running speed, rather than 
simply the power transmitted 
through the clutch when engaged. 
Obviously, there is much more slip- 
page when engaging a clutch on a 
fast-running shaft than on a slow- 
speed shaft. This, of course, affects 
the life of the friction surfaces. 

To obtain the proper bearing sur- 
face on the shaft and to eliminate a 
twisting torque it is always advis- 
able to see that the bearing or sleeve 
is at least 114 times the width of the 
connected pulley. 

In ordering clutches, clutch pul- 
leys and cutoff couplings, or asking 
for an estimate, it is well to give the 
following information: 

(a) Diameter of pulley; (b) width 
of belt (width of belt is necessary in 
order that proper allowance may be 
made in the sleeve length for bear- 
ing surface) ; (c) diameter of shaft; 
(d) solid or split (use split only 
when absolutely necessary); (c) 
revolutions of shaft per minute; (f) 
horsepower required at starting and 
thereafter ; (g) character of ser- 
vice; (h) if for gas engine service, 
state number of cylinders; (i) if 


Magnetic cutoff coupling and clutch 
pulley installations. 


The installation below shows a 30-in. 
magnetic clutch fastened to a pulley on 
an engine-driven, paper-making ma- 
chine. The engine and clutch are in- 
stalled in the basement of the paper 
mill and the paper machine on the first 
floor. ‘The operator starts and stops 
the paper machine by means of a 
switch located conveniently. The in- 
stallation at the left shows a magnetic 
cutoff clutch coupling connecting a 
synchronous motor to a mill. 
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This diagram names the parts of 
a clutch. 


In ordering a repair part or extra 
parts for replacement the manufacturer 


must know the type, style, or model, 
size, any special n e and if 
possible the original order number. 


space on shaft is limited, give maxi- 
mum allowable space; (j) key sizes. 

Whenever possible it is advisable 
that the clutch mechanism be 
mounted upon the driven shaft in 
order that adjustments may be made 
without shutting down the entire 
line. Ordinarily, „ in., or on a 
large shaft a little more, should be 
allowed between the ends of the two 
shafts with cutoff couplings. In 
some types the end of one shaft ex- 
tends into the hub of the other. 
When erecting friction clutches 
or couplings one of the first steps 
is to see that the shaft is prop- 
erly aligned and round and smooth 
where the sleeve runs. The coupling 
or clutch should be thoroughly 
cleaned out and the bore of the 
sleeve and the shaft lubricated be- 
fore slipping the sleeve into posi- 
tion. Next see that the sleeve 
is a free running fit on the shaft, 
as not all shafts are of exact 
standard gage. Before ordering 
the coupling, measure to see if 
the shaft is off gage; if so have the 
coupling bored to gage. Before the 
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Two disk-type friction clutch coup- 
lings. 


In one of these clutches, the disen- 
gagement is through the aid of the 
toggles while in the other a spring as- 
sists in forcing the jaws apart. 


clutch is operated it must be thor- 
oughly lubricated by forcing in as 
much lubricant as possible. In some 
cases it may be necessary to fill the 
grease cups two or three times be- 
fore all spaces and passages are 
filled. The most important step af- 
ter the clutch is in service is to see 
that it is regularly and thoroughly 
lubricated. Clutches used frequently 
should receive daily attention unless 
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they are of the ball-bearing type. 

After a friction clutch or coup- 
ling has been in operation it is some- 
times necessary to make slight ad- 
justments to compensate for the 
wear of the friction surfaces. In do- 
ing this care should be exercised to 
see that the different arms of the 
clutch are tightened evenly or else 
they will be thrown out of adjust- 
ment and not give even pressure, or 
they rub at some point when discon- 
nected. With some types of clutches 
all adjustments are made at once, so 
that all are made evenly. A friction 
surface will wear rapidly if per- 
mitted to rub while disengaged. If 
the jaws rub on the friction surface, 
either the springs do not force the 
jaws apart sufficiently or else the 
clutch is not properly adjusted. 

One of the important considera- 
tions in installing friction clutch cut- 
off couplings is to see that the shaft- 
ing is properly in line before install- 
ing the coupling. It is always well 
to remember that even though prop- 
erly aligned when first installed, 
shafting does not always remain that 
way. Shifting loads or machines on 
floors above often may change the 
alignment of a shafting. Frequent 
inspections of shafting for align- 
ment not only reduce ‘the friction 
load but also more than pay for 


Cut-away view of a ball-bearing 
friction clutch pulley. 


One of the common causes of difficulty 
with loose pulleys and clutch pulleys 
lies in the Hability to neglect the lub- 
rication. For high-speed work as well 
as clutches and pulleys which are dif- 
ficult of access, and so are Hable to be 
neglected. ball bearings are recom- 
mended because of the less frequent 
necessity of lubrication. 
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One method of getting the proper 
- direction of rotation. 


In many machines, it is absolutely nec- 
essary that the shafts revolve in a cer- 
tain direction. In this pair of clutches, 


the spur gear is reversed, as shown in 


the two sketches. This is a single- 
disk friction clutch, where the pres- 
sure is applied equally on both sides 
of the disk. 


themselves in the savings on bear- 
ings, friction clutches, and other 
similar equipment. Two of the more 
common causes of excessive wear in 
friction clutches and couplings are 
misalignment of shafting and neg- 
lect of lubrication. If the shaft is 
aligned properly, and the coupling 
lubricated and of sufficient capacity 
there should be but little opportunity 
for trouble. 


Epitor’s Norte: Speciai acknowledg- 
ment is made to the following companies 
for their assistance in furnishing infor- 
mation and illustrations for this and 
the other articles which appear in this 
series: Allis-Chalmers g. Co., Mil- 
waukee, Wis.; The Bartlett Hayward 
Co., Baltimore, Md.; Charles Bond Co., 
Philadelphia, Pa.; Bond Foundry & 
Machine Co., Manheim, Pa.; Brown En- 
gineering Co., Reading, Pa.; The Car- 
lyle Johnson Machine Co., Manchester, 
Conn.; Chicago Pulley & Shafting Co., 
Chicago, Ill.; Conway & Co., Cincinnati, 
Ohio; The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis.; I. H. Dexter Co., 
Goshen, N. Y.; Dodge Manufacturing 
Co., Mishawaka, Ind.; Falls Clutch & 
Machinery Co., Cuyahoga Falls, Ohio; 
The Falk Corporation, Milwaukee, Wis.; 
General Electric Co., chenectady, 
N. Y.; The Hanson Clutch & Machinery 
Co., Tiffin, Ohio; The Hill Clutch Co., 
Cleveland, Ohio; The Hilliard Clutch & 
Machinery Co., Elmira, N. V.; W. A. 
Jones Foundry & Machine Co., Chicago, 
III.; The Medart Co., St. Louis, Mo.; 
Mesta Machine Co., West Homestead, 
Pa.; The Moore & White Co., Philadel- 
phia, Pa.; The F. V. Edwards Co., No- 
blesville, Ind.; R. D. Nuttall Co., Pitts- 
burgh, Pa.; The Pusey & Jones Co., 
Wilmington, Del.; Reeves Pulley Co., 
Columbus, Ind.; R. H. & F. M. Roots 
Co., Connersville, Ind.; A. L. Schultz 
& Son, Chicago, III.; Smith & Serrel, 
Newark, N. J.; Thomas Flexible Coup- 
ling Co., Warren, Pa.; Weller Mfg. Co., 
Chicago, III.; Western Engineering & 
Mfg. Co., Chicago, III.; The Williams 
Foundry & Machine Co., Akron, Ohio; 
T. B. Wood’s Sons Co., Chambers- 
burg, Pa. 


le 


March, 1924 


INASMUCH AS alternating current 
motors can be reconnected for dif- 
ferent voltages by taking advantage 
of various series and parallel con- 
nections, and of star and delta ar- 
rangements in three-phase designs, 
it is important to know which con- 
nections are best suited to the stator 
construction and operating condi- 
tions. When rewinding a stator 
there are even more combinations 
that can be used by varying the 
number of turns per coil and the 
coil pitch. In this article Mr. Roe 
presents handy tables which show 
the changes that can be made. 


Some Handy Tables 
For Use in Making 


Voltage 
Changes on 


A. C. Motors 


By Reconnecting, or by 
Changing Coil Pitch and 
Chord Factor and by 
Rewinding the Coils 


By A. C. ROE 

Repair Superintendent, Detroit Service 

Department, Westinghouse Electric ` 
& Manufacturing Co. 


UITE often it is desired to 
Q reconnect the windings of an 
induction motor to operate 
on different line voltages or, when 
rewinding a stator, some bad fea- 
ture in the coils or connections may 
be eliminated by changing the type 
of connections, the coil pitch, the 
turns per coil, and so on. It is the 
purpose of this article, therefore, to 
discuss the various changes that af- 
fect the voltage and to outline the 
possibilities of removing bad fea- 
tures as well as the effects of over- 
and undervoltage on the operation 
of the motor. 

To begin with, we can consider the 
stator winding of an induction mo- 
tor as a generator. Then any change 
made that tends to increase or de- 
crease the turns in series per phase 
will also increase or decrease the 
voltage in the same proportion and 
in the same direction as that in 
which the turns are changed. In 
applying this rule in practice we 
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must remember, also, that when the 
turns per phase are changed more 
than 10 per cent, a corresponding 
change in the cross section of the 
conductor should be made in the 
same proportion, but in the opposite 
direction. 

One important rule when rewind- 
ing or reconnecting a motor is to 
keep the voltage per turn the same 
as it was originally, if the horse- 
power, speed, frequency and num- 
ber of phases are to remain the 
same. Also be sure that the new ar- 
rangement of the winding is within 
5 per cent of the proper line voltage, 
if possible, and in any case do not 
exceed 10 per cent either way. These 
figures can sometimes be exceeded 
for intermittent duty and temporary 
jobs and will no doubt work satis- 
factorily, but for a good permanent 
job, keep within these limits. This 
can usually be done by changing the 
type of connection, the turns per coil 
and the chord factor. Sometimes, 
however, it is not possible to keep 
the voltage the same. In such a case 
the effect of undervoltage or over- 
voltage must be considered. 


After examining the existing connections 
the next step is to decide whether the 
stator should be reconnected or rewound. 


The most common voltage changes 
are from 220 volts to 110 volts, 220 
to 440, 440 to 110, or vice versa in 
each case. On some stators this can 
be accomplished by reconnecting 
from series to two-parallel, etc., de- 
pending upon the number of poles, 
coils per phase and the original con- 
nection. When the original connec- . 
tion is a series connection, it is ob- 
vious that the voltage can not be in- 
creased by reconnecting. In this 
case it is necessary to rewind the 
stator with the turns per coil in- 
creased in the same proportion as 


the voltage is to be increased. At 


the same time the size of wire (circ. 
mil) must be decreased in the same 
proportion. 

Do not attempt to raise the volt- 
age of 110-, 220-, 440-, and 550-volt 
motors above 550 volts without re- 
winding, as the insulation to ground 
and between phases on motors of 
this voltage range is not sufficient to 
stand continuous operation at higher 
voltage. It may be possible to jug- 
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gle the connections to get the de- 
sired voltage but this should not be 
done. 

Another point to remember when 
making a voltage change is: Do not 
attempt to parallel the coils in any 
one pole-phase-group. This means 
that on first sight it might seem 
that we cannot split a group in half 
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and parallel the halves with each 
other. Each group could be split 
into two sections of two coils and 
these two sections put in parallel. 
However, if this were done circulat- 
ing currents would be set up, due to 
angular displacement of the dif- 
ferent pairs of coils. If the motor 


were connected in this manner and 
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put on the line, in about ten min- 
nutes it would be found that there 
were two hot coils, then two cool 
coils, alternately, throughout the 
winding. Therefore, when recon- 
necting do not split the groups but 
use them as units. ä 

To help determine what connec- 


tion to use to get the required volt- 


Table I— All Practical Connections 


for 4-to 24-Pole, 


The first vertical column gives the original connection. 
Each figure on the same horizontal line with any original con- 
nection is the multiple to be used to find the line voltage for 
the connection listed at the top of the different columns. For 
example, assume that a 440-volt, two-phase, four-pole, series- 
connected, motor is to be reconnected two-parallel and it is 
desired to know the resulting operating voltage. On consult- 
ing the table for a four-pole, two-phase winding, look in the 
first column and find the line in which the word “series” is 
located. Then in the column marked “two-parallel” (2-Par.) 
the figure 5 is found which, multiplied by 440 volts (440 X 5) 


2-Phase Windings 


equals 220 volts, which is the operating voltage when the wind- 
ing is changed to two-parallel. 

As another case, assume that it is desired to change the 
same motor to operate on 110 volts. What connection would 
give the desired result? In this case divide 110 by 440 
(110 — 440) which gives 25. Then look along the horizontal 
line under original connection column marked “series” of the 
table for four-pole, two-phase motors and locate the figure 25 
which will be found under four-parallel (Par.) connection. 
This indicates that the four-parallel connection will give the 
required operating voltage of 110, since 440 X 25 equals 110. 


Four-Pole, Two Phase 


Fourteen-Pole, Two-Phase 


ORIGINAL CONNECTION SERIES 2-PAR 4-PAR 
Series 1.00 50 25 
2- Parallel 2.00 1.00 30 
4-Paralleeͤlnln 4.00 2. 00 1.00 


ORIGINAL CONNECTION SERIES 2-Par. 3-PAR 6-PAR 
Series 1.00 50 333 167 
B 8 „ vos" | a 
OTB Ocak Se, So - . 1. : ee 
6-Parallei. 6 0⁰ 3.00 200 r ee 
Eight-Pole, Two-Phase 


Se ed 


ce.s „„„„„„%„ „„ „„ „ „„ „„ „ „ „ oat 


2- Parallel 
4 Parallel 


7—— 52ũ z „„ „* 


ORIGINAL 
CONNECTION 


— 2222 222 0 
esasan oe 


6-Parallel........ 
9- Parallel. 
18-Parallel 


rr 


ORIGINAL 


1 1 CONNECTION 
2 00 1.00 2 - 
5 Parallel... cosa: 5 00 2.50 1.00 5 I 
10- Parallel. 10 00 5 00 2.00 1.0 4-Parallel........ 
5Parallel........ 
Twelve-Pole, Two-Phase 20-Parallel 
ORIGINAL 
CONNECTION Series | 2-Par. | 3-Par. | 4-Par 6-PAR |12-Par. 
Series 1.00 . 500} 33 25 167 083 ORIGINAL CONNECTION SERIES 2-PAR 11-Par. 22-P ar. 
2-Parallel 2.00 1.00 667 50 33 167 — . — | — 
J- Parallel. 3. 00 1 50 1.00 75 50 25 Series 1.00 50 091 046 
4- Parallel. 4.00 2 00 1.33 1.00 66 334 2- Parallel... 2.00 1.00 . 182 .091 
6-Parallel........ 6.00 3.00 2.00 1.50 1.00 5 II- Parallel ͤ-MHVↄ⁵ 11.00 5. 50 1.00 . 500 
12-Parallel....... 12.00 6 00 4.00 3 00 2.00 1 00 22-Paralle U . . 22 00 11 00 2.00 1.000 
Twenty-four-Pole, Two-Phase 
ORIGINAL CONNECTION SERIES 2-PAR 3-PAR 4-Par 6-PaR 8-PaR 12-Par 24-Par 
Series erran a ad Sule ae dee teed ERO Se 1 00 50 33 25 165 125 083 0415 
l!!! 8 2 00 1.00 66 50 33 25 167 083 
r 24 ohhoscheda vc punked Ss aae 3 00 1.50 1.00 75 50 375 25 125 
F ſ!ſl!/ 8 4 00 2 00 1.33 1.00 66 50 33 165 
Bes.. ee eee ae 6 00 3 00 2.00 1.50 1.00 75 50 25 
, . AES we 8 00 4 00 2 66 2 00 1.33 1.00 66 33 
12 rde!!! ooo Osea BS 12 00 6.00 4.00 3 00 2.00 1.50 1.00 . 50 
24-Parallel................ 24 00 12.00 8.00 6 00 4.00 3.00 2.00 1.00 
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age or what the line voltage should 
be with any other possible connec- 
tion, Tables I to VII have been 
developed. There are two tables for 
each number of poles, one for two- 
phase and one for three-phase. Each 
table gives all the possible connec- 
tions for each of the number of 
poles to which it applies. The first 
vertical column in a table gives the 
original connection; then each fig- 
ure on the same horizontal line with 
any original connection is the mul- 
tiple to be used to find what the line 
voltage should be with the connec- 
tion listed in the top line. Assume a 
440-volt, two-phase, four-pole motor 
series connected. On consulting 
Table I we look in the first column 
and find the horizontal line in 
which the word Series is located. 
Then the first figure is 1 and above 
this figure is the word Series which 
indicates that no change is made. 
But the second figure is .5 which in- 
dicates that with two-parallel con- 
nection the motor would have to 
operate with 440.5 equals 220 
volts. Again under 4-Parallel ap- 
pears the figure .25. This signifies 
that with a four-parallel connection 
the line voltage would have to be 
440 X .25 equals 110 volts. Another 
use of the table is to find the re- 
quired connection for a certain volt- 
age. Assuming the same motor as 
before, a 440-volt series connection, 
suppose it is desired to change the 
voltage to 110. What connection 
would give the desired results? To 
find the factor divide the required 
voltage by the original voltage, or 
110 ~ 440 = .25. In doing this be 
sure about the position of the deci- 
mal point. Then looking along the 
original connection (series) hori- 
zontal line we locate .25 under 4-Par- 
allel which connection will give the 
required voltage. 

For three-phase stators the tables 
are found more useful, as there are 
two types of connection possible: 
namely, star and delta. This gives a 
greater range of combinations. In 
any star-connected machine the volt- 
age per phase is equal to line volt- 
age divided by 1.78. In other words 
if a series, star-connected motor is 
operating on a 220-volt three-phase 
line, the volts per phase will be 127. 
This motor could be connected 
series-delta and operated on 127 
volts which is approximately 58 per 
cent of the series-star line voltage. 
Conversely, a 110-volt, series-delta- 
connected motor could be connected 
series-star and operated on 
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1.78 X 110 equals 190 volts. A few 
actual examples will be given to 
show the use of the tables. 

Suppose we have a three-phase, 
six-pole 2,300-volt motor that is con- 
nected two-parallel star (2-Par. Y) 
and we want to reconnect it for 440 
volts. Then 440 — 2,300 equals 
1913. Consulting Table II and the 
2-Parallel Star horizontal line, we 
find the factor .193 under 6-Parallel 
Delta. Then if we connect the mo- 
tor six-parallel delta it would require 
a line voltage of 2,300 X .193 or 
443.9 volts, which is 3.9 volts over 
but is satisfactory. 

In another case assume that we 
have a 110-volt, three-phase, twelve- 


ORIGINAL SERIES 


CONNECTION 
Series—Star..................-.-. 


STAR 


1.00 
1.73 


2.00 
3.46 


G—U æ ey 


ORIGINAL 
CONNECTION 


— — er 


j( 7275555553555 „„ 


ee fe eee ee ee 


j —o—— ee ee wee 


SERIES 
ORIGINAL 
CONNECTION 


STAR DELTA 


Series—Star........... 
Seriee—Delta......... 


2-Parallel—Star....... 
2- Parallel Delta 


3-Parallel- Star 
3-Parallel Delta 


6-Parallel Star È. 
6-Parallel Delta....... 


SERIES 
ORIGINAL 
CONNECTION 


Table IJ—All Practical Connections 
for 2-to 8-Pole, 3-Phase Windings 


See heading of Table I for instructions on using these tables. 


Two-Pole, Three-Phase 


SERIES 2-Par. 2-PAR. 
DELTA STAR DELTA 
58 . 50 29 
1.00 865 50 
1.16 1.00 
00 


Six- Pole, Three - Phase 


2-PARALLEL 


ce fl rc é— 


ee • 6m—ĩ— ed 


Eight-Pole, Three-Phase 


2-PARALLEL 


STAR 
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pole motor, six-parallel connected 
and want to reconnect it for 550 
volts. Then the factor required is 
550 ＋ 110 equals 5.0. Looking in 
Table III on the 6-Parallel Delta 
line, we find the factor 5.2 under 
2-Parallel Star. If, we, accordingly, 
reconnect this motor for two-paral- 
lel star, the line voltage will have to 
be 110 x 5.2 equals 572 volts, or 22 
volts over 550, which is satisfactory, 
as standard motors are listed to op- 
erate on 10 per cent over- or under- 
voltage. Another example is a 
24-pole, three-phase, 4,600-volt, ser- 
ies-star-connected motor which it is 
desired to reconnect for 110 volts. 
Then 110 ~ 4,600 equals .024. 


2-PARALLEL 4-PARALLEL 


DELTA STAR DELTA 


ee | e aa | ee || eee a 


25 


6-PARALLEL 


3-PARALLEL 
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8-Parallel—Star....... 
8-Parallel Delta. ...... 
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It can be seen that the tables 
will be of considerable help in solv- 
ing many reconnection problems. 
The connecting diagrams published 
in the March, April, May and June 
issues of INDUSTRIAL ENGINEER can 
be used with these tables. 

To illustrate how changing the 
type of connection can be done in 
some cases to speed up a rewinding 
job, it may be well to mention a re- 
cent case which came under the 


writer’s supervision. We had a 
96-slot, three-phase stator con- 
nected two-parallel star. This was 


to be rewound to perform the same 
duties as before. There were ninety- 
six coils, diamond-pulled, of four- 
teen turns of one No. 13 square 
wire. The wires in the coil were 
laid two wide by seven deep which 
is called a “cross-over” coil. Each 
cross-over had to be taped which 
meant that each coil would require 
considerable time to make. But it 
was found that this cross-over could 
be eliminated by using a plain coil 
and changing the motor connections. 
Accordingly the coils were made up 
of seven turns of two No. 13 square 
wires in parallel (2 by 7) thus cut- 
ting the turns per coil in half and 
eliminating the cross-over. This 
type of coil can be wound in one- 
third the time required for a cross- 
over coil. Changing the turns to 
one-half also increased the cross 
section of copper 100 per cent and 
this would indicate that the motor 
should be operated on half the orig- 
inal voltage. However, the connec- 
tions were changed from two-paral- 
lel star to series-star enabling the 
motor to run on origina! voltage. 

It is combined changes like this 
one that enable a great deal of time 
to be saved in repair work. Fur- 
thermore, the time saved is not the 
only benefit derived from eliminat- 
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ing a cross-over coil. Another im- 
portant feature is that with the 
average help in most repair shops 
there is more chance for short cir- 
cuits in cross-over coils. The reason 
for this is illustrated in Fig. 1. At 
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Fig. 1—How short circuits in cross- 
over coils frequently occur. 


At A is shown the first three turns 
wound correctly in place. The first 
turn is at the left, the second on the 
right and the third is on top of the 
second. At this point trouble starts, as 
the third turn has a tendency to slip 
down into the space formed on top of 
the two round wires, as shown in dia- 
gram B. When the fourth turn is laid 
in and an attempt made to flatten out 
the second layer by pounding with a 
drift and mallet, there is not enough 
space between the third turn and the 
side of the shuttle for the fourth turn. 
This pounding tends to crush the cot- 
ton covering on wires 8 and 4 and 
may cause a dead short circuit. 


A are shown the first three turns 
wound correctly in place. The first 
turn is at the left, the second on the 
right, and the third is on top of.the 
second. It is at this point that 
trouble starts, as the third turn has 
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a tendency to slip down into the 
space formed on top of the two 
round wires, as in drawing B. When 
the fourth turn is laid in and an at- 
tempt made to flatten out the second 
layer by pounding with a fiber drift 
and mallet, there is not enough space 
between the third turn and the side 
of the shuttle for the fourth turn. 

Pounding tends to crush the cot- 
ton covering on wires 3 and 4. If 
they are pounded hard enough the 
insulation will be cut and a dead 
short will result. Unless each coil 
is carefully inspected, this defect 
will not be noticed until the stator is 
wound and given a balance and run 
test which means time lost in remov- 
ing the faulty coils. 

There is another item that can be 
changed to vary the voltage when re- 
winding. This is the chord factor, 
which may be changed by changing 
the coil pitch. The chord factor de- 
pends entirely on the pitch, the num- 
ber of poles, and it will be the same 
for any number of phases. 

The chord factor is equal to the 
sin of one-half the electrical angle 
included between the two halves of 
one coil. In practice the chord fac- 
tor is found as follows: First divide 


Table III—AIl Practical Connections 
for 10-and 12-Pole, 3-Phase Windings 


See heading of Table I for instructions on using these tables 


Ten-Pole, Three-Phase 


SERIES 2-PARALLEL 5-PARALLEL 10-PARALLEL 
ORIGINAL 
CONNECTION 

STAR DELTA STAR DELTA STAR DELTA | STAR DELTA 
Series—Star...........{ 1.00 58 50 29 20 116 10 058 
Series — Delta. 1 73 1. 00 865 50 346 . 20 173 10 
2- Parallel- Star 2 00 1.16 1.00 58 40 232 20 116 
2- Parallel- Delta 3 46 2. 00 1.7 1.00 .692 .40 346 20 
5- Parallel- Star 5 00 2.90 2.50 1.45 1.00 58 50 29 
5-Parallel Delta 8.65 5.00 4.32 2.50 1.73 1.00 865 50 
10-Parallel Star 10 00 5.80 5.00 2.90 2.00 1 16 1.00 58 
10-Parallel— Delta 17 30 10.00 8 65 5 00 3.46 2.00 1.73 1.00 


Twelve-Pole, Three-Phase 


2-PARALLEL 3-PARALLEL 


4-PARALLEL 


6-PARALLEL * 12-PARALLEL 


—— 1 mc gr I a a mm fe | ee 
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rn | fl rr ee | ee 
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SERIES 
ORIGINAL 
CONNECTION 
STAR DELTA 

Series—Star............ 1 00 58 
Series Delta 1 73 1.00 
2-Parallel—Star........ 2.00 1.16 
2-Parallel—Delta........ 3.46 2.00 
3-Parallel—Star......... 3.00 1 73 
3-Parallel—Delta........] 5.19 3 00 
4- Parallel Star. 4.00 2 32 
4- Parallel Delta. 6 92 4 00 
5-Pnrallel- Star 6 00 3 16 
6- Parallel- Delta 10 38 6 00 
12-Parallel Star. 12 00 6 92 
12-Parallel— Delta. 20 76 12 00 


STAR DELTA STAR DELTA STAR 
50 20 33 193 25 
865 50 576 333 432 

1 00 58 66 386 50 

1.73 1.00 1.15 66 865 

1 50 87 1.00 58 75 

2 60 1 50 1.73 1 00 1.30 

2 00 1.16 1.33 .772 1.00 

3 46 2.00 2.30 1.33 1.73 

3.00 1 73 2 00 1.16 1 50 

5.19 3.00 3.46 2.00 2 60 

6 00 3 46 4 00 2 30 3 00 

10 38 6 00 6.92 4.00 5.19 


DELTA STAR DELTA STAR DELTA 
145 167 096 08⁴ 048 
25 288 167 144 084 
29 334 193 167 097 
50 578 334 288 167 
435 50 29 25 145 
75 865 50 432 25 
58 66 386 33 193 

1.00 1.15 66 577 33 
87 1 00 58 50 29 

1.50 1.73 1.00 865 50 

1 73 2 00 1 15 1.00 57 

3 00 3 46 2 00 1.73 1.00 
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the total number of slots (N) by the 
number of poles (P). This gives the 
number of slots per pole. Then take 
the coil pitch (C) and divide it by 
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the number of slots per pole. This 
will give the pitch as a fraction of 
full pitch. Multiply 90 deg. by this 
fraction and the result will be a cer- 


Table IV- All Practical Connections 


for 14-to 20-Pole, 


3 Phase Windings 


See heading of Table I for instructions on using these tables 


Fourteen-Pole, Three-Phase 


SERIES 
ORIGINAL 
CONNECTION 


Series—Star...... . 
Series Delta 


2-PARALLEL 


14-PARALLEL 


7-PARALLEL 


——— 3 (nO | | ee en ns 


2-Parallel—Star... .. 
2-Parallel—Delta  _.. 


7-Parallel—Star....... 
7-Parallel—Delta. . 


14-Parallel—Star..... 
14-Parallel—Delta..... 
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tain number of degrees. Then the 
sin of this angle equals the chord 
factor. These steps may be reduced 
to one formula which is: 

Chord factor = sin C + N/P x 90 
degrees. 

(Note: First divide N by P. Then 
divide C by this answer and multi- 
ply by 90.) 

In this formula: N = Total num- 
ber of slots; P = Number of poles; 
C = Coil pitch. 

The sin may be found from Table 
VIII in this article or from other 
tables in handbooks. 

For example, assume a 96-slot, 
four-pole stator, with coil pitch of 
1-and-20, or 19 slots. The chord fac- 
tor equals sin [19 — (96 ＋ 4)] x 90 
= (19 + 24) x 90 = .79125 x 90 = 
sin71.21 deg. In many tables the frac- 
tion of a degree is expressed in min- 
utes and consequently the .21 of the 
71.21 must be reduced to minutes. 


Sixteen-Pole, Three-Phase There are 60 min. per 1 deg. ; there- 
: A = 5 Bs fore 60 X .21 = 12 min. 
ERIES 2-PARALLEI. -K ARALLEL - RALLEL RALLE 
Oriasi £ patie: The sin of this angle 71.21 deg. 
CONNECTION 0 ‘a 
Star |De.ta| Star |Detra| Star | DELTA) Star DELTAI STAR [DELTA (or 70° 12’) equals .9466, which 
Series Star 90 .58| .50| 29 25 14 12 / 97 .os3| 87 equals the chord factor. If the volt- 
Sories— Delta 1:73 | 1.00 865] 50 432] 25 216 125 1080 063] age of the motor with full pitch was 
2-Parallel—Star.... 2.00 1.16 1.99 1.85 895 25 452 235 210 025 100 volts, it would be 94.66 volts 
— ta 3 : n . a F $ 5 x 1. 2 2 ° 
_ZParallel— Delta | 3.46 | 2.00 | 1.73 | 1.00 | 865] 50 | 482) -25 |_-216|_-125\] with the above-mentioned pitch of 
4-Parallel—Star..........| 4.00 | 2.32 | 2.00 | 1.16 | 1.00 | .58 | 50 .2 | .25| .145 and. 
k Parallel Delta 0 | 4100 | 3.48 | 2100 | 1°73 | 1-00 | B00] <50 | 482] 25 Jus (19 slots). 
8-Paralle tar. , ; A ; : i . . : j ; 
parallel Delta 13.84 | 8.00 | 6.92 4.00 3.46 2.00 1.73 1.00] 865 50 uppose that in the example given 
— i—i- ii above it was found that eighteen 
16-Parallel— Star. 16 00 | 9.28 | 8.00 | 4.64 | 4.00 | 2.32 | 2.00 | 1.16 1.00 58 
16-Paralle!—Delta. ` 27 68 |16 00 113.84 | 8.00 | 6.92 | 4.00 | 3.46 | 2.00 |1173 | 1. 
Eighteen-Pole, Three-Phase 
2-PARALLEL 3-PARALLEL 6-PARALLEL 
ORIGINAL 
CONNECTION 
Series Delta. 1.73 1.00 
2-Parallel—Star.........| 2.00 1.16 1.00 58 66 386 
2-Parallel Delta. 34.46 2.00 1.73 1.00 1.15 66 
3 Parallel— Star. 3.00 1.73 1.50 86 1.00 58 
3-Parallel—Delta. 35.19 3.00 2.59 1.50 1.73 1.00 
6-Parallel— Star. 6. 00 3.46 3.00 1.73 2.00 1.15 
6-Parallel—Delta........ 10.38 6.00 5.19 3.00 3.46 2.00 
Parallel- Star. 9 00 5 19 4.5 2.59 3.00 1.73 
9-Parallel Delta 15.57 9.00 7 78 4.50 5.19 3.00 
18 Parallel—Star 18.00 f 10.38 9.00 5.19 6.00 3 46 
18 Parallel Delta 31 14 18 00 | 15.57 9.00 10 38 6 00 


Twenty- Pole, Three- Phase 


ORIGINAL 
CONNECTION 


4-PARALLEL 


2-PARALLEL 


5-PARALLEL 
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2-Parallel—Star......... 
2-Parallel—Delta........ 


4-Parallel—Star......... 
4-Parallel—Delta........ 


5-Parallel—Star......... 
5-Parallel—Delta.. 
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10-Parallel—Star. . 
10-Parallel—Delta_ See i 


20-Parallel—Star........ 
20-Parallel—Delta....... 


STAR DELTA STAR DELTA STAR 
.50 29 25 145 20 
865 50 432 25 346 
10 58 50 29 40 
1.73 1.00 865 50 692 
2 00 1.16 1.00 58 80 
46 2.00 1.73 1.00 1.38 
2 50 1.45 1.25 725 1.00 
4.32 2.50 2 16 1.25 1 73 
5 00 2.90 2.50 1 45 2 00 
8 65 5 00 4 32 2.50 3.46 
0.00 5 80 5.00 2.90 4 00 
7.30 10 00 8. 65 5. 00 6 92 
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10 PARALLEI. 20-PARALLEL 
STAR DELTA 
05 029 
087 05 
10 058 
173 10 
20 116 
345 20 
.25 .145 
.432 4-290 
50 29 
865 50 
1.00 58 
1.73 1.00 
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turns per coil would be correct fora Table V—Chord Factors for pitch is used when rewinding the 


line voltage of 440 with a full pitch 
coil, 1 and 25. However, the coil 
ends with this pitch projected out 
beyond the iron too far and inter- 
fered with the end bells and to wind 
properly the coil had to be shortened 
to a pitch of 1 and 20. Now short- 
ening the coil pitch decreases the 
activity of the coil sides and the coil 
will develop less voltage. This is 
easily understood because we know 
that with full pitch both halves of 
the coil are in maximum fields at the 
same instant, hence the coil is de- 
veloping its maximum voltage; but 
when the pitch is shortened, one 
side of the coil will be in a weaker 
field and the coil will develop a lower 
voltage. So changing the coil pitch 
has practically the same effect on 
the voltage as changing the turns 
per coil; decreasing the coil pitch 
decreases the voltage and vice versa. 
The amount of change is indicated 
by the chord factor. In the above 
case the chord factor is .9466 for coil 
pitch 1 and 20; then the line voltage 
would be 440 X .9466, equals 416.40 
volts. To bring the voltage back to 
440, the turns would have to be in- 
creased 5.6 per cent, or 18 X 1.056, 
equals 19.006 turns. In this case 
dropping five slots has the same ef- 
fect as dropping one turn per coil. 
A much simpler tabulation of 
chord factors is shown in Table 
V. In this table the first column 
gives the pitch in the percentage of 
full pitch. The second column gives 
the chord factor corresponding to 
this percentage of pitch. As an ex- 
ample of using this table suppose 
we have a six-pole, 120-slot stator 


Different Coil Pitches 


Per Centr | C#orp Per Centr] CORD 


PitcH Factor Prren Facror 
100 1.00000 75 .92388 
99 99988 74 91775 
98 99951 73 91140 
97 99889 72 90483 
96 99803 71 89803 
95 99692 70 89101 
94 99556 69 88376 
93 99396 68 87631 
92 99211 67 86863 
91 99002 66 86074 
90 98769 65 85264 
89 98511 64 84433 
88 98229 63 . 83581 
87 97922 62 82708 
86 97592 61 81815 
85 97237 60 . 80902 
84 96858 59 79968 
83 96456 58 79015 
82 96029 57 78043 
81 95579 56 77051 
80 95106 55 . 76041 
79 94608 54 .75011 
78 94088 53 73963 
77 93544 52 72917 
76 92978 51 71813 


or 90 per cent of full pitch. From 
the table we find that for 90 per cent 
pitch the chord factor is 0.988. 
Many a time when rewinding a 
stator the coils are aceidentally made 
up a bit short, thus making a tight 
winding job. Another time the end 
room on the original winding may 
have been scant, so that if the same 


SERIES 
ORIGINAL 
CONNECTION 


Table VI—All Practical Connections 
for 22- and 24- Pole, 3-Phase Windings 


See heading of Table I for instructions on using these tables. 


Twenty-two-Pole, Three-Phase 


2-PARALLEL 


STAR DELTA 


job will again be difficult. 

In either case dropping one or two 
slots may ease things up and make a 
quicker and safer job, but the ques- 
tion is, how will this affect the ma- 
chine? As already stated, reducing 
the voltage of a generator while op- 
erating on the original line voltage 
will reduce its overload capacity, and 
in a motor will cause the motor to 
operate on overvoltage, the effects of 
which will be more fully explained 
later in this article. In general, the 
effect of dropping one slot will be 
less in a machine with a large num- 
ber of slots and a small number of 
poles. In any machine if the effect 
is not greater than 7 per cent no 
harm will result from reducing the 
pitch, except in cases where the ma- 
chine is already being pushed to or 
beyond its rated capacity. In this 
case any change that tends to reduce 
the capacity should be avoided. 

Another case in which a better 
job resulted from decreasing the 
pitch came up recently. This was a 
stator in which the winding was 
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2-Parallel—Delta...... 
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Table VII—Possible Number of Connections 
for 2-to 24-Pole Windings 


4- 
Par. 
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tight. This was a 120-slot, eight- 
pole, 220-volt stator with a pitch of 
1 and 13 or 80 per cent pitch. The 
winding had pulled and insulated 
diamond-shaped coils. Before pull- 
ing the new set of coils it was de- 
cided to try the 1 and 12 pitch which 
would increase the winding angle 
and make a better job. The 1 and 13 
chord factor is [12 + (120+ 8) J X 
90 = 12/15 Xx 90 or 72 degrees. The 
sin of 72 deg. = 0.951. The chord 
factor of the l-and-12 pitch is sin 
[11 =- (120/8)] X 90 = 11/15 x 90 
= 65.97 or sin 66 degrees, which is 
0.918. Then by using the l-and-12 
pitch the voltage would be reduced 
to 220 X (0.913 — 0.951) = 220 — .96 


=211.2 volts. This is a reduction of 


220 — 211.2 = 8.8 volts. In percent- 
age this is (8.8 -- 220) x 100 or 4 
per cent and the motor will operate 
satisfactorily with this reduction, 
as a 7 per cent change is allowable. 
Now if this stator had 180 slots and 
was a six-pole machine with 80 per 
cent pitch, which equals 24 slots or 
1 and 25, and the pitch was dropped 
to 1 and 24, the reduction in voltage 
would be less. From Table V the 
chord factor for the 80 per cent 
pitch is 0.951. The 1 and 24 chord 
factor (76.7 per cent pitch) is 0.93. 
The new line voltage is 220 X (.934 
+ 951) equals 216 volts. This is 
(220-216) 220 X 100 equals 1.8 
per cent reduction. Comparing this 
with the reduction of 4 per cent in 
the previous case proves the state- 
ment that the greater the number of 
slots and the less the number of 
poles, the smaller will be the effect 
of one slot dropped. 

Another case in which time was 
saved by eliminating a cross-over 
coil occurred on a recent rush and 
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Par. 


6- 7- 8- 9- 10- 11- 12- 
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overtime rewinding job. The motor 
had a 120-slot stator, rated 20 hp., 
440 volts, three-phase, 60 cycles, 
ten-pole, 675 r.p.m., connected series- 
delta, pitch 1 and 9, coils with ten 
turns of one No. 11 round d.c.c. wire 
wound 2X5 cross-over, diamond 
shape, and connected in a two-layer, 
threaded-in winding. To save time 
the winding was checked to see if 
the cross-over could be eliminated. 

There were 120 coils or forty per 
phase and 40 X10 equals 400 turns 
per phase. Then with a series-delta 
connection the volts per turn is 
440 = 400 equals 1.1. Now using a 
five-turn coil of two No. 11 wires in 
parallel in a series-star connection 
the voltage would be 5 X 1.1 X 40 X 
1.73 equals 380.6 which is 16 per 
cent under the required voltage. 
This, however, was raised by in- 
creasing the pitch and chord factor. 
The original pitch was 1 and 9 which 
gives a chord factor of 0.866. Full 
pitch would, of course, give 100 per 
cent chord factor. Then with the 
full pitch (1 and 13) five-turn coil 
and series-star connection the line 
voltage would be 380.6 ~— .866 = 
439.4 volts, which is close enough. 
Checking the end room it was found 
sufficient to take the longer coil. 

With over-voltage the magnetiz- 
ing current will vary as the square 
of the voltage, if the iron is work- 
ing below the saturation point. 
This current should be expressed as 
a percentage of the total current. 
The iron losses will be increased ap- 
proximately 1.8 times the per cent 
voltage increase. This value holds 
only for increases of voltage of 10 
or 15 per cent. 

The copper losses will be lower, 
due to the fact that with a higher 
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13- 14- 16- 


Par. | Par. 


X. 


voltage a smaller current will be re- 
quired for the same hp. rating. 

The slip (or the difference, ex- 
pressed as a percentage, between the 
no-load and full-load r.p.m.) will 
vary inversely as the square of the 
voltage or: 

Si + S: = Vi + V?, wherein Si 
equals the per cent slip at rated 
voltage, V:, and S: is the per cent 
slip at the higher or new voltage, V:. 
The power factor will be slightly 
lower at the increased voltage. The 
maximum or pull-out and starting 
torques are increased in proportion 
to the square of the voltage. The 
decrease in copper losses more than 
offsets the increased iron losses. 

For 10 to 15 per cent voltage dif- 
ference from standard, the friction 
and windage can be assumed to be 
the same, as these two depend upon 
a variation in speed and the percent 
of change in speed is too small to 
affect these factors to any extent. 

If the motor were not loaded to 
its maximum rating the effects of 
over-voltage would be more notice- 
able. The lighter the load the 
greater the iron loss will be in pro- 
portion to the copper losses. Also, 
the decrease in power factor at light 
loads is more evident as the mag- 
netizing current is increased. With 
a 15 per cent voltage increase and 
one-half load, the motor is quite 
likely to run hot enough to burn out. 
But on the other hand if the motor 
were overloaded and the voltage in- 
creased, the motor would run cooler, 
as the torque increases as the square 
of the voltage and the speed remains 
the same. Hence with an increase 
in torque the hp. rating would be in- 
creased with a lower current con- 
sumption. (Continued on page 158) 
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NASMUCH as mechan- 
ical and electrical sup- 
erintendents are held 
strictly responsible for pro- 
duction delays, they should 
have the same control of 
specifications and requisitioning of equipment and sup- 
plies as they do over the maintenance and inspection of 
equipment. The following incident shows what serious 
consequences may result when the plant maintenance 
organization does not specify the equipment and sup- 
plies that are to be used: 

During a regular overhauling period the oil was 
drained from one of the motor bearings of a 3,000-hp. 
flywheel motor-generator set which supplied power to 
the main drive motor of a reversing blooming mill. The 
oil cellar was cleaned and refilled to the proper level with 
new oil. The next morning the motor-generator was 
started and the customary inspection was made to see 
that the oil rings were running freely and carrying up 
oil, A couple of hours later it was noticed that the 
bearing in which the oil had been changed, was heating. 
Preventive measures were taken but before they became 
effective, the babbitt melted and the shaft dropped. 
Fortunately, the motor was stopped before any damage 
was done to the rotor or stator windings. 

After considerable trouble, the motor shaft was 
jacked up, the pedestal removed and the bearing taken 
out. Inspection disclosed no dirt or other foreign mat- 
ter on the shaft or in the oil. Examination of the oil, 
however, revealed that it was of a somewhat lighter 
grade than was formerly used. A new bearing was put 
in the motor and the original grade and make of oil was 
again used. The bearing caused no further trouble. 

From an investigation of the source of the oil it 
was found that a somewhat lower price was offered the 
purchasing department and that department substituted 
an oil made by another manufacturer, but claimed to be 
of the same grade as the original oil. The plant main- 
tenance organization was not informed of this change 
and when a workman was sent to the storeroom after 
oil for this machine, the substituted oil was given him. 
The initial saving on the price of the oil was less than 
$4.00 a barrel. The direct loss caused by the substitu- 
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tion of the oil was a damaged bearing, the time and 
trouble of replacing it, and a half day’s delay of the 
mill. The cost of a new bearing and of installing it was 
in the neighborhood of $100.00. The production delay 
was serious, as the blooming mill was the bottle neck 
of the plant. Furthermore, if the hot bearing had not 
been discovered in time, several thousand dollars’ worth 
of damage might have been done to the motor winding. 

The initial cost may be a little higher when the 
plant organization specifies material to be bought, but 
the operating expense per unit of finished product will 
be far lower in practically every case. | 


— . — 


: VERY business must 
show a profit or it 
cannot continue long to 
operate. When it ceases 
operating, all jobs and 
wages ston with it. Well- 
managed concerns expect to make a certain profit on 
each dollar’s worth of business. Ordinarily this may 
be increased either by getting more business or by unan- 
ticipated economies. Those who ignore as of little con- 
sequence the miscellaneous savings in materials or 
methods which cannot be visualized in physical shapes, 
but take the form of a decrease in time out of produc- 
tive machinery through better attention, inspection and 
maintenance, need only consider the relative return 
resulting from handling more business or from econo- 
mies in handling its existing volume. To realize an 
economy of $1,000 a year, and many savings will total 
this much, would require an increase in business done 
of $20,000, assuming the profit to be 5 per cent on each 
dollar’s worth of this business. 

Men responsible for inspection and maintenance 
have a big opportunity to assist in making these miscel- 
laneous economies, particularly in plants where sugges- 
tion boxes or other methods are used to get the ideas of 
the men on possible betterments of methods or equip- 
ment. The work of these men takes them over the plant 
where they learn first-hand of the troubjes of the ma- 
chine operators on the various jobs. Their training 
leads them to look for the source of the trouble, which is 
often some distance from the point where it shows up, 
and offer a solution or at least make a suggestion. Com- 
panies which have successful suggestion box methods 
have found the men in the maintenance department one 
of the best sources of worth-while ideas. 

Men with ideas, particularly those which help make 
profit, are the ones who get ahead. 


— —— 


POWER transmission 


Don’t Let engineer recently 
Notions Take the called our attention to an 
Place o f Facts instance where he was 


asked to recommend a drive 
for a machine driven by a 
silent chain with which an unusual amount of trouble 
had been experienced. When he went to the plant to 
make an investigation the manager refused to let him 
see the machine in question, with the explanation 
that he could give the engineer all of the necessary in- 
formation. When the latter refused to give his services 
under such conditions, permission was at last granted 
to make an inspection. 
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This engineer found that the chain drive in ques- 
tion was the most important drive in the plant and was 
rated at 350 hp., but pulling a load which he knew by 
previous experience amounted to nearly 500 hp. The 
manager absolutely refused to have a test made to de- 
termine the power demand on the drive. He “knew” 
it was not over 350 hp.—and that settled it. As the 
only way out of the situation the engineer sent in an 
order for a 350-hp. chain, and instructed the factory to 
ship a 500-hp. chain. That particular chain has now 
been in operation for some time and has given no 
trouble whatever. 

Whether the engineer should have resorted to this 
trick need not be discussed here. There is no question, 
however, of the absurdity of the manager’s attitude. 
His refusal to seek and use facts instead of beliefs cost 
his company -many thousands of dollars and this loss 
would probably have continued if he had had his way. 

Although this is an extreme example, it is typica! 
of similar experiences which this engineer and probably 
many others have had with executives who clung very 
tenaciously to their hazy or erroneous notions of the 
size or type of equipment required for a Parca 
service. 

Pre-conceived notions may sometimes serve a use- 
ful purpose, but when they do not square up with the 
facts they should promptly be discarded. You can fool 
yourself as to the power requirements of a drive, but 
you can’t fool the motor or other elements of the drive— 
and it does not pay to try it. 


— —__—_— 


URING the last hour 

of the turn when all 
hands are striving to get 
out the few extra tons of 
steel to make the day’s 
quota, a vital machine, 
such as the shear approach table, stops. The electrical 
department is called immediately and all hands assume 
the attitude that someone there is the cause of the 
delay. Now why is the electrical department the peg 
on which the blame for such faults is hung? 

The reasoning is usually something like this: The 
machine has stopped: The motor is intended to run it. 
Since the motor doesn’t move, it must be an electrical 
trouble and, therefore, the chief electrician has to get 
busy. He will probably say that in the majority of his 
calls the trouble has not been with his end of the ma- 
chine. However, he inspects his part of the equipment 
until he feels sure that it is all right. But he cannot 
prove his case until the wheels are turning again and 
he usually has to hunt until he locates the mechanical 
fault that caused the delay. He will tell you that in 
a great many cases he finds that the bearings of the 
drive have become so worn as to cause the gears to 
bind; or the oiler has not oiled the bearings at the reg- 
ular time—hence the shafts are gripping; or some 
bolts holding the roller shaft bearings came loose, 
causing a misalignment which made the table bind; or 
any of the other mechanical faults that creep in. 

Mechanical trouble is something that can be seen 
from its very inception. Careful and regular mechanical 
inspection while the machine is in operation will dis- 
close a loose bearing, a misalignment of gears or shafts, 
hot bearings and the like, before the fault becomes 
dangerous. Steps for temporarily correcting it until 
it can be repaired can usually be taken so as to con- 
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tinue production. Electrical faults are more difficult 
to locate and do not always make themselves evident 
until the damage is done. 

The chief electrician has a hard job at best— 
don’t assume that he alone should have to locate 
mechanical troubles to clear his own skirts. The mas- 
ter mechanic and his millwright are also a part of 
the maintenance force and they too can and will help 
when their part in the work carries recognition as 
well as some blame for the things that happen. 


— 


N A RECENT address 

before the Society of 
Industrial Engineers, Guy 
H. Rumpf, Works Man- 
ager of Joseph T. Ryer- 
son & Sons, Inc., made a 
very practical analysis of the factors that control pro- 
duction in an industrial works. The four essentials of 
a production unit he set down as: (1) Plant, (2) Ma- 
terial, (3) Men and (4) Management. In regard to 
the plant he made the following comment: 


Preventable 
Losses from 
Break-Downs 


There are few ideal plants, due to the fact that these 
plants have grown, having been built up from time to time 


as the particular business increased. These additions were 


probably not made with ultimate planning in view and as 
a result, unless a growing business decided to rebuild their 
plant, the layouts are not always the best that could be 
desired. * It never pays to buy poor equipment 
and many times it can be proved that it will be cheaper to 
scrap certain equipment and buy new equipment. In order 
to prove this, however, it is necessary to determine the 
saving which can be made with new equipment, taking into 
consideration the interest on the investment and the depre- 
ciation of the particular machine that may be purchased. 

In this connection, all equipment needs to be taken care 
of and repaired. If it is not kept up, it will soon deterio- 
rate and wear out long before it should. It is a good plan 
to inspect all equipment at regularly determined intervals 
and repair it in accordance with the needs indicated by 
such inspection, rather than allow equipment to run until 
it breaks down and then repair it out of necessity. 

In the first case, repairs do not cost as much and you 
can choose the time when you wish to make them. In the 
second, repairs will always cost more and the machine is 
sure to break down when you need it the most. 

In most plants that have been operating for, say 
ten years, the greatest increase in profits at the end 
of any year will not come from the increase in work 
turned out but the attention paid to avoidable wastes 
in handling a normal volume of work with breakdowns 
reduced to a minimum, machines running at normal 
capacity continuously and little loss of time due to 
transporting materials to and from machines so that 
as the material flows through the plant the time it is 
worked on between raw state and finished form is the 
highest possible percentage of the total time each part 
is traveling through processes of production. Break- 
downs and interruptions are one of the factors which 
make losses from non-productive time hard to estimate. 
Inspections and repairs must be considered as a regu- 
lar routine on a day-to-day basis and an essential part 
of any production schedule. 

The economy advocated by the Chinese doctor is 
possible here. He gets pay for his services while the 
patient is well, but he prevents the loss of earnings 
through inability to work. This Chinese doctor idea is 
overlooked in many plants and consequently they pay 
for the repairs and the loss of productive time as well, 
when the latter might be saved by a little regular pre- 
vention here and there. 
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Who Can Answer 
These? 


Conventional Diagram of Four-Pole, 
Three-Phase Motor—Can some reader 
give me the conventional diagram, as 
in Dudley’s book, together with the 
method of connection, of a four-pole, 
three-phase motor, wound on the 


120-deg. principle, such as is found 


in certain Wagner motors? 
Portland, Oregon. V. G. W. 
* $ $ „* 


Installing Signal Lamp on Single-Phase 
Electric Furnace—Can any of our 
readers tell me how to install a signal 
lamp on a single-phase electric 
furnace ? 

There is a switch on the primary 
side of the transformer that furnishes 
current for the furnace, and I wish 
to find some way of installing a light 
between the top carbon electrode and 
the bottom contact, so that when the 
switch is released by a short circuit 
from a piece of metal falling against 
the carbon electrode, we can tell by 
this light whether the electrode has 
been raised high enough to break con- 
tact with the metal, before throwing 
in the switch. 

The winding in the transformer 
forms a permanent circuit, so that 
we cannot apply any outside source 
of current to operate this light. It 
would save us considerable money if 
we were able to connect up a light 
of this kind, as the cost of carbon 
electrodes and contacts for the switch 
runs into considerable money. I shall 
appreciate very much any sugges- 
tions which you can give me. 
Michigan City, Ind. P. V. H. 

* „ „ è 

Changing 25-Cycle Motor to Operate 
on 60 Cycles—I have a General Elec- 
tric repulsion-induction, single-phase 
motor which has the following name- 
plate data: No. 3124538, type RI 546- 
2-1-1500, form C, 25 cycles, full load 
speed 1,495 r.p.m., volts 220, amp. 5, 


volts 110, amp. 10, 1 hp. continuously, ` 


50 deg. C. Some of the part num- 
bers are: pulley end bearing lining, 
cat. 329792; stator coil spec. 205425; 
rotor spec. 3005030. 

The rotor dimensions are 5 in. 
(diam.) x 3% in. It has twenty- 
three slots, 1144 in. deep, and sixty- 
nine bars. The stator has thirty-two 
slots. I thought this was a stand- 
ard 2-hp., 60-cycle RI frame but find 
that this is not the case. I should 
like to know: (1) If the above motor 


question that you can 
answer from vour ex- 
perience. 
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and Answered 


by Readers 


is any standard 60-cycle RI frame. 
(2) Complete data for rewinding this 
motor for 110-220 volts, 60 cycles, 
1,800 r.p.m., single phase. (3) What 
will be the rating of the motor after 
rewinding? 

Portland, Ore. V. G. W. 

zs è k $ 


What Causes This Motor to Spark at 


the Brushes?—I have a 35-hp., four- 
pole, shunt-wound motor that drives 
a fan. The armature has seventy 
coils, lap-wound. Under load this 
machine draws 280 amp. at 115 volts 
and has always sparked viciously. 
The brushes are of the Bayliss type 
and I find the neutral point with a 
voltmeter as closely as one can. When 
I stone the commutator down the 
motor runs satisfactorily for a day 
or so and then sparking begins and 
the commutator develops low bars 
and seems to flatten or sink. 

I am wondering if this armature 
was designed for a four-pole ma- 
chine, as it has seventy bars and 
coils. This number is not divisible 
by four without a remainder and 
thus throws the neutral point in the 
center of a bar. I shall be very 
grateful if some reader can explain 
what causes the sparking and tell 
me how I can overcome it. 

New York, N. Y. C. E. K. 
* +% „ „ 


Winding Data for Retor of Repulsion- 


Induction Motor—Can someone tell 
me the correct way to wind the ro- 
tor of a single-phase, repulsion-induc- 
tion motor which has four poles and 
four brushes? The motor appears to 
be about 1 hp. The nameplate is 
missing, but the motor has thirty- 
four slots and seventy-six bars. The 
coils have four turns, wound two in 
hand, using No. 13 d.c.c. wire. The 
coil pitch is 1 and 9. Nine pairs of 
the bars were shorted, I believe in 
the order X, 7X, 6X, 7X, 6X, 7X, 6X, 
7X, 6X, 6, the X representing a 
shorted pair of bars. I have tried 
six or seven common pitches with- 
out success, the motor locking at 
certain points in each case. Is it 
impossible to start up with this com- 
mutator ? 

Lewistown, Pa. G. R. F. 

zs k $ g 


Winding Data for Washing Machine 


Motor—Can some reader supply me 
with the winding data for a Westing- 
house washing machine motor? Ac- 
cording to the nameplate this is a 
60-cycle, 1,700 r.p.m., motor, 220-110 
volts, 2-4 amp. The laminations are 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when‘he asks a 
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6% in. in diameter; the inside bore 
is 8% in. and the axial length of the 
core is 25 in. There are twenty-four 
slots, % in. deep and % in. wide. The 
teeth are % in. wide at the top and 
„ in. wide at the base. This motor 
employes a starting winding. I shall 
appreciate any information which 
you can give me. S. McP. 
Hercules, Calif. 
2 $ „ „ 


Rewinding Westinghouse Fan Motor 


I wish to rewind a Westinghouse 
Whirlwind fan motor, style No. 
280598, to operate on 110 volts, 60 
cycles, alternating current. Can some 
of the readers of INDUSTRIAL ENGI- 
NEER tell me the proper size of wire 
to use and how many turns should 
be put in each coil. Apparently this 


motor had only two coils? Is this 
correct ? 
Marietta, Ohio. E. L. 


* $ * 


Winding Data for Type KT-4 General 


Electric Motor—Will some of the 
readers of INDUATRIAL ENGINEER kindly 
tell me the proper winding for a type 
KT-4, form C, General Electric mo- 
tor, No. 678120, 3 hp., 1,800 r.p.m., 
220 volts, 60 cycles? What size wire 
should be used and how should the 
coils be connected? I wish to have 
this motor operate on 50 cycles. 
Should any change be made in the 
original winding? 

Pasadena, Calif. H. B. S. 


$% $ * 


Operating 60-Cycle Repulsion Motor on 


25 Cycles—I have a %-hp., 110-volt, 
60-cycle, single-phase repulsion motor 
with a new winding in the rotor. The 
only current available here is 110 
volts, 25 cycles. I wanted to test this 
motor out and when I connected it to 
the line it would start nicely, but as 
soon as the mechanical switch cut out 
the rotor would stop instantly, as 
nearly as I could see. Then just as 
soon as the brushes got back on the 
commutator the rotor would imme- 
diately start and then stop again, 
and so on. 

The coil pitch and commutator con- 
nections are the same as in the old 
winding. I have checked up the wind- 
ing for shorts and polarity and it 
appears to be all right. I should like 
to know, (1), if this motor will run 
satisfactorily on 60 cycles. (2) What 
makes the motor start and stop this 
way on 25 cycles? I shall appreciate 
any suggestions which readers of 
INDUSTRIAL ENGINEER can give me. 
Massena, N. Y. F. 
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Answers Received 
To Questions Asked 


Patting Tires on Wheels of Bandsaws— 
Will someone be kind enough to tell 
me what is the best method of put- 
ting tires on the wheels of band- 
saws’? I shall Appreciate this infor- 
mation very muc 
Chicago, Ill. J. W. C. 
J. W. C. asked in the January is- 

sue for the best method of putting 

tires on wheels of bandsaws. I re- 
tired two machines recently and he 

may be interested in learning how I 

did it. First, I removed the old tires 

from the wheels and sandpapered 

the latter until all of the old rubber 

and cement was removed. Then I 

applied a liberal coat of cement 

made for this purpose and stretched 

the new tires on over the wheels. I 

allowed the cement to dry over night 

before using the bandsaw. If a spe- 
cial, prepared cement is not fur- 
nished with new tires, a coat of 
heavy varnish may be used instead 
of this, with very satisfactory re- 


sults. E. L. Way. 
Marietta, Ohio. ° 


* * * * 


Trouble in Operating Two- phase Are 
Welder Set on Three- phase Circuit 
I had occasion recently to operate a 
two-phase, four-wire, 220-volt, 60- 
cycle, 1,800 r.p.m., 5-hp. Lincoln 
motor, which is direct connected to a 
Lincoln welding generator, on a 
three-phase, 2, 200-volt, 60-cycle cir- 
cuit. The transformer connection 
shown was tried. I found that the 
motor would start but in a short time 
would get very hot. The wire at 4 
was cut and then the motor did not 
heat so much, so that by stopping the 


200 Volt Line 
eee ag ee 


Use, lca 


To Motor -” 


machine about every hour and letting 
it cool off I was able to do the weld- 
ing, but too much time was lost. I 
wish some of the readers of INDUS- 
TRIAL ENGINEER would tell me if this 
connection is correct and if so, what 
causes oe motor to heat. 
Tyrone, P H. L. F. 
In answer to the question asked 
by H. L. F. in the December issue, 
of INDUSTRIAL ENGINEER, I believe 
that his motor would have operated 
more satisfactorily if he had left out 
the line marked A. As a solution of 
his problem I would suggest that he 
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use the General Electric Co.’s type 
MTQ transformer or employ the T 
connection with two single-phase 


transformers. EARLE N. DILLARD. 


Chief Electrician, 
Booth-Kelley Co., 
Springfield, Ore. 

E „ X ** 


In reply to the question by H. L. F. 
in the December issue, I would say 
that it would be impossible to obtain 
two-phase current with the connec- 
tion which he used. The motor was 
being supplied with two phases hav- 
ing a phase angle of 120 deg. instead 
of 90 deg. as required. This condi- 
tion would greatly reduce the torque 
for a given current and cause the 
motor to over-heat at its rated out- 
put. I do not believe that the wire 
A in his diagram would have any ef- 
fect on the heating of a four-wire, 
two-phase motor. 


les 


Scott connection of transformers 
for changing three-phase to two- 
phase, or the reverse. 


RE A ĩðͤ T a 

The correct connection for obtain- 
ing two-phase current from a three- 
phase circuit is shown in the dia- 
gram. As will be seen, the Scott 
connection is used on the three-phase 
side. Transformers for this purpose 
are on the market. 


LYLE HENDRICKS. 


District Electrician, 
Pickands Mather Company, 
Hibbing, Minn. 


* * * * 

In reply to the question asked by 
H. L. F. in the December issue, be- 
yond any doubt the trouble is in the 
transformer connections employed 
in changing from three-phase to 
two-phase. The scheme of connec- 
tions shown would result in a severe 
unbalancing of the two phases. 
H. L. F. should use what is known 
as the Scott connection. For this 
purpose one transformer should have 
a 50 per cent tap on the primary 
and the other transformer should be 
tapped at a point 86.6 per cent from 
one end. In actual practice, a 10 
per cent tap would be enough, un- 
less the transformers are to be par- 
alleled with another bank using dif- 
ferent connections. 


Chief Engineer. PHILIP N. EMIGH. 


Mountain Water Supply Co., 
Indian Creek, Pa. 
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In answer to the question by 
H.L.F. in the December issue, from 
the diagram of transformer connec- 
tions shown it is evident that an un- 
balanced voltage condition causes the 
motor on the welder to heat. If the 
ratio of one of the transformers is 
changed from 10 to 1 to 8.6 or 9 to 1, 
better results will be obtained. The 
standard method of three-phase to 
two-phase transformation is by 
means of the Scott connection, which 
can be found in all handbooks. The 
diagram shown by H.L.F. shows the 
unbalanced T connection. 


General Electric Co., L- B. MORRILL. 
Boston, Mass. 


& M X * 


Trouble with Portable Electric Drill 
I have been having trouble with a 
Westinghouse, %-in., portable drill. 
This drill operated: satisfactorily for 
two years and then began running at 
only half speed. Occasionally it 
would start off on normal speed, but 
soon drop back to half speed. I re- 
wound the stator and when this did 
not clear the trouble I rewound the 
armature, with no better results. In- 
stead of winding the armature on a 
form I wound it by hand. So far, I 
have not been able to get it to run 
at normal speed. 

Another portable drill, a Van 
Dorn, came in recently with the ar- 
mature roasted. I wound this arma- 
as by hand and it, too, ran at half 

eed. I rewound the armature again, 

is time on a form but so far have 
a been able to get it up to full 
speed although the field coils have 
been tested out and seem to be all 
right. The armature core number of 
the Westinghouse drill is 12-A-876; 
the Van Dorn armature coil number 
is Code 8406. Both drills are de- 
signed to operate on 110-volt alter- 
nating current. I shall appreciate it 
very much if some reader can tell me 
what is the matter with these drills. 
Philadelphia, Pa. R. I. G. 


With reference to the question 
asked by R. I. G. in the December 
issue of INDUSTRIAL ENGINEER, we 
do not make any drills, but in check- 
ing up the stock order, 12-A-876 
which R. I. G. states was stamped 
on the armature, we find that this 
order number covers a 110-volt mo- 
tor which we supplied to the U. S. 
Electrical Tool Co. of Cincinnati, 
Ohio, for their type CU %-in. drill. 
For this application we supplied our 
type AD universal motor, which has 
the compensating type of field wind- 
ing. It is our supposition that when 
R. I. G. rewound the stator he be- 
came confused and wound both fields 
the same; that is, he connected the 
main and compensating windings in 
such a manner that he made a four- 
pole motor instead of a two-pole mo- 
tor. This would account for the 
motor operating between half speed 
and full-load speed, although it 
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would not run at exactly half speed 
with the two brush outfit. 

It is also possible that the arma- 
ture is short circuited, which would 
also help to slow down the speed. I 
would suggest that the motor be 
sent to our nearest service station, 
in this case Philadelphia, to be re- 


wound. A. M. STAEHLE. 


Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 


* * * * 


Answering R. I. G., whose ques- 
tion appeared in the December is- 
sue, my experience would seem to 
indicate that the portable drills men- 
tioned have one or more short cir- 
cuits in the armature. The usual 
tests for these should be made. 

The Van Dorn 110-volt armature, 
code 8406, is wound with No. 26 
d. s. c. wire. Since there are three 
times as many commutator segments 
as armature slots it should be wound 
with three wires in hand. Each coil 


Center of Commutator Sar in Center of Slot 
| 


Commutator connection diagram 
for armature of Van Dorn portable 
electric drill. 


consists of fifteen turns around four 
teeth. The commutator should be 
assembled with the center line of the 
segments opposite the center line of 
the slots. The diagram shows how 
‘the commutator should be connected. 


Electrical Engineer, E. L. CONNELL. 
The Van Dorn Electric Tool Co., 
t + X * 


Method of Soldering Leads to Com- 
mutator Bars—Can any of the read- 
ers of INDUSTRIAL ENGINEER give me 
the following information: (1) The 
design of a transformer for soldering 
the leads to the commutator risers 
with the aid of carbon electrodes. (2) 
I have done armature winding on 
large machines, but would like to 
know the best way of soldering leads 
to commutators of fractional-horse- 
power motors, such as fans. I should 
like to know the type of soldering 
iron to use, and other information 
that will help me to save time. 
San Francisco, Calif. S. H. 


a 


ENGIN 


In the December issue S. H. S. 
asked for information on the best 
methods of soldering commutator 
leads. On small armatures we use 
a medium-size iron and apply it to 
the brush surface of the commuta- 
tor, instead of the necks. By using 
an iron of the proper size, the whole 
commutator is heated and with 
plenty of solder and flux you can 
make a quick and thorough solder- 
ing job. The commutator is covered 
with solder—in fact it looks like a 
lead commutator, but this is all 
taken off when the commutator is 
turned. No extra cut or time is re- 
quired, as the commutator always 
has to be turned after a rewinding 


job. A. C. ROE. 
Detroit, Michigan. 


* * * * 


What Causes this Magnet Switch to 
Stick? — We have on a crane hoist a 
440-volt a.c. magnetic limit switch 
which fails to open about one-half of 
the time when the current is taken off 
the magnet coil. Although the core 
is laminated, there is apparently 
enough magnetism left to hold the 
switch in. All of the working parts 
are clean and free. Will someone 
kindly suggest a remedy for this 
trouble? 
Selby, Calif. J. T. C. 


In answer to the question by 
J.T.C. in the December issue of IN- 
DUSTRIAL ENGINEER, without know- 
ing the exact type of magnetic 
switch in question it is impossible 
to determine the trouble definitely 
but generally when a switch fails to 
drop when the current is taken off 
the holding coil, it is due to im- 
proper adjustment at the solenoid. 
Of course, when there is no current 
in the coil the solenoid should drop 
by gravity as the permanent magnet 
is not strong enough to hold the ar- 
mature up. There is generally an ad- 
justing screw and lucknut to adjust 
the space between the core and ar- 
mature. If not, a weight may be 
hung on the armature which will be 
heavy enough to make it drop and 
yet not too heavy to allow the arma- 
ture to pull in when the coil is ener- 
gized. 

Of course, there is always a possi- 
bility of a short in the control con- 
nections which will allow at least 
part of the current to pass through 
the coil when it is apparently dead. 
L. B. MORRILL. 


General Flectric Co., 
Boston, Mass. 


* * * * 

Referring to J. T. C's question in 
the December issue of INDUSTRIAL. 
ENGINEER, I had about the same ex- 
perience on the control of a large 
hoist. After carefully examining 
the switch I found the laminated 


Vol.82. No.3 


core was so battered that instead of 
an air space at B, as shown in the 
illustration, the contactor arm hit 
flush with both ends of the core. By 
loosening nuts A:, A: and A: and 
pounding the laminations of the arm 
at point C, I was able to move the 
laminations enough to allow a small 
air space between the contactor arm 
and the laminated core. After tight- 
ening the nuts the switch was put 


To prevent sticking, laminations of 


contactor arm were pounded back 
to allow small air space, B, be- 
tween arm and laminated core. 


back in service and worked satisfac- 
torily until new parts were received. 

I hope this information will be of 
some assistance to J. T. C. 


Goldfield, Nev. PHIL D. COMER. 
* * * * 


Replying to the question by 
J. T. C. in the December issue, the 
core and armature of an a. c. magnet 
are laminated not so much to pre- 
vent sticking from the residual mag- 
netism as to prevent eddy currents 
which would overheat an a. c. mag- 
net of any size. In addition, an a. c. 
magnet would take considerably 
more exciting current if it were 
made of solid iron, like a d. c. mag- 
net. If magnetism is holding your 
magnet closed while the current is 
off, the trouble is in the air gap 
which has probably been reduced or 
eliminated by wear. If the magnet 
works freely when operated by hand, 
it should also work freely when op- 
erated electrically, provided that it 
has an air gap of 0.005 in. or over 
in the magnetic circuit. This air 
gap is always found on the leg near- 
est the hinge of the magnet and: if 
this gap is less than 0.005 in., or 
the thickness of two or three sheets 
of writing paper when the magnet 
is closed and excited it should be 
increased by filing that leg or the 
part of the armature with which it 
lines up. The hinge should, of 
course, be examined first and the 
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wear taken up, if wear is the cause 
of the trouble. The further or outer 
leg of the magnet must not be filed 
as a carefully ground or scraped fit 
is very important, as well as a 
proper shading ring or coil if quiet 
operation is to be expected. 


PHILIP G. BERNHOLZ. 

East Orange, N. J. 

* * * * 

Operating Two-Phase Induction Motor 
on Three-Phase Circuit—I should like 
to know if a two-phase induction type 
or squirrel-cage motor can be run on 
a three-phase circuit, keeping the 
same speed and pulling the same 
load. I should like very much to 
have someone give me a diagram of 
such a hook-up and state if the two 
finishing ends of both phases or the 
start of one phase and the finish of 
another are hooked together. On what 
principles will the motor operate? 
Chicago, Ill. J. H. B. 


In the October issue J. H. B. does 
not give sufficient information con- 
cerning the present winding of his 
two-phase motor. When changing a 
motor from one phase to another, it 
is essential to have complete infor- 
mation concerning the original wind- 
ing, on which to base calculations. 

I have used the accompanying dia- 
gram to convert a two-phase, six- 


N EQUAL NUMBER OF 
OILS PER POLE. 4 


Diagram used in converting two- 
phase, six-pole, two-circuit motor 
into a three-phase, six-pole, two- 
circuit motor. 


pole, two-circuit motor into a three- 


phase, six-pole, two-circuit motor. 
This will not give a three-phase 
motor of the same characteristics as 
the two-phase connection but will 
approximate it very closely. The 
correct three-phase voltage for this 
connection will be approximately 
514 per cent higher than the rated 
two-phase voltage. The three-phase 
power rating will be about 80 per 
cent of the two-phase power rating 
on the same temperature basis. If 
the old motor is a 40-deg. motor 
with a two-hour overload capacity it 
will carry approximately 96 per cent 
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of the two-phase power rating on a Trouble with Commutator Grinding Ma- 


50-deg. continuous rating. 

For a four-pole motor the correct 
three-phase voltage will be approxi- 
mately 97 per cent of the two-phase 
voltage and the power rating the 
same as above. 

The above explanation is based on 
a winding that will have an equal 
number of coils per pole in each 
phase in both two- and three-phase 
connections. For motors having an 
unequal number of coils per pole 
there will be a slight correction. 


CHARLES R. SUGG. 


Electrical Engineer, 
Atlantic Coast Line Railroad Company, 
Wilmington, N. C. 


* * * * 
In answer to the question by 
J. H. B. in a recent issue, in order 
to operate two-phase motors on a 


three-phase system, use two trans- 


formers, one as a main transformer 
with a 50 per cent tap on the prim- 
ary winding and the other as a 
teaser with an 86.6 per cent tap on 
the primary. With this arrange- 
ment it is sometimes possible to use 
a teaser transformer with a differ- 
ent ratio from that of the main 
transformer. For instance, if the 
ratio of the main transformer is 
10:1 as shown at A in the diagram, 
a 9:1 ratio transformer may be used 
for the teaser. Then the tap on the 
teaser transformer will be 96.2 per 
cent of the total primary winding 
or, 86.6 per cent divided by 0.9. 
Then if the Scott connection is used, 
the three-phase primary at, say 
1,000 volts, will give a secondary at 
100 volts, two-phase, as shown. 

Or three transformers connected 
in star, assuming 1,000 volts prim- 
ary to 100 volts secondary, may be 
used by joining two secondary wind- 
ings in series and bringing out leads 
at two points at 57.7 per cent of the 
windings for the B phase, with the 
other secondary winding brought 
out at full voltage for its phase, as 
shown at B in the diagram. 

H. S. RICH, 


New Britain, Conn. 


Transformer connections for oper- 
ating two-phase motors on three- ` 
phase circuit. 


chine—I recently ground a commuta- 
tor on a 150-kw. generator with one 
of the finest tools made, manu- 
factured by the Jordan Commutator 
Grinding Company, but I did not have 
much success owing to the rapid wear 
of the corundum wheel. 

When I set the wheel against the 
commutator it cut a groove, due to 
the rapid wear of the wheel. Before 
I could move it an inch along the 
face with the lead screw the wheel 
was worn so badly that it would 
barely touch the commutator. I tried 
setting it up for very light cuts and 
turning the lead screw rapidly but 
that did not help any and it is not a 
first-class job. The commutator is 
14 in., in diameter, 12 in. long and 
turns at 1,200 r.p.m. The corundum 
wheel turns at 2,880 r.p.m., cutting 
against the direction of rotation of 
the commutator, is % in. thick and 
was 8 in., in diameter at first but 
when the job was finished it was only 
5 in., in diameter. 

I should like to know if this trouble 
is commonly experienced. 

New Orleans, P. B. A. 


In reply to P. B. A’s question in 
the December issue of INDUSTRIAL 
ENGINEER, at one time I experienced 
similar trouble and found that it was 
caused by too high commutator 


. speed and vibration of the grinder 


holder. 

I got excellent results by setting 
the grinding machine so that it was 
rigid, using turn-buckles and pipe 
to support it. The 14-hp. motor was 
placed on a small track on a heavy 
packing box so that it could be 
moved along with the feed screw. If 
the motor is set stationary the belt 
tightens when the grinder is feeding 
across the commutator, unless a long 
belt can be used to connect the mo- 
tor and grinder. 

I found that the best results were 
obtained by revolving the armature 
or rotor about 75 r.p.m. in the same 
direction of rotation as the grinding 
wheel. I used a Jordan 7-in. x -in. 
coarse wheel turning at 2,500 r.p.m. 
for cutting and a fine-grain wheel 
for finishing at the same speed. To 
compensate for wear of wheel the 
feed shaft was set dg in. closer to the 
rear of the commutator, using a 
three-step, V-shaped cone pulley on 


- eee, 
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the motor to increase the speed for 
worn wheels. ) 


WILLIAM J. MILDON. 


Electrical Engineer, 
Madeira-Hill Coal Mining Co., 
Philipsburg, Pa. 


* * * * ` 

With regard to P. B. A.’s ques- 
tion in the December issue, the 
trouble which he has experienced 
with his eommutator grinding ma- 
chine is, I believe, due to the fact 
that the commutator is rotating en- 
tirely too fast. I gather that it was 
rotating at about 1,200 r.p.m. and 
at this speed it would wear and cut 
down the corundum wheel exactly as 
a disc of soft iron wil, if rotated 
fast enough, cut through a steel rail 
or girder. 

If he can slow down the generator 

to say 50 or 75 r.p.m., I think his 
trouble will cease. Of course, there 
is a possible chance that the wrong 
grade of wheel was used. 
If the prime mover of the gener- 
ator is an engine it will be a simple 
matter to slow it down. If it is a 
motor-generator set, then a water 
rheostat may be necessary using the 
generator as a motor and applying 
full voltage to the shunt field and 
cutting the resistance in series with 
the armature. This arrangement 
will give a strong steady pull and 
there will be no tendency to race. 


Chief Engineer, PHILIP M. EMIGH. 


Mountain Water Supply Co., 
Indian Creek, Pa. 
x * * 


With reference to the question 
asked by P. B. A. in the December 
issue of INDUSTRIAL ENGINEER, it is 
very probable that the selection of 
the cutting wheel for the Jordan 
commutator grinder is the reason for 
a poor job. Emery wheels are rated 
in two different ways: first, as to 
grain or coarseness, and second, as to 
grade of hardness. Inasmuch as the 
job was rough and unfinished, it is 
evident that the wheel was too 
coarse and as the wheel wore down 
quickly it was probably too soft. A 
wheel 34 in. or 1 in. wide would be 
preferable for a commutator of the 
size mentioned. When grinding a 
commutator it is better to use a 
coarse wheel to start with and later 
finish with a finer wheel for the sake 
cf smoothness and appearance. 


General Electric Co., L. B. MORRILL. 


Boston, Mass. 
* K & * 


I read with interest P. B. A's 
question in the December issue re— 
garding trouble encountered in 
grinding commutators with a Jordan 
grinder. I have used this make of 
grinder on quite a number of ma- 


w 
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chines, but on most occasions have 
experienced the same trouble that he 
did. If the commutator is long the 
wheel will chatter and wear down 
before a cut across is made. 

On one occasion I had to grind a 
200-kw., 80-r.p.m. generator which 
kad a commutator 14 in. long and 
35 in. in diameter. When I tried to 
grind it I found out that the wheel 
wore too fast to make a straight cut 
across. After deliberating for a 
while I hunted around until I found 
a compound steady rest from an old 
lathe. I put this lathe rest, or car- 
riage as some call it, on a 10-in. x 
8-in. timber placed across and 
bolted to the bedplate. Then I 
mounted the grinder in the tool post 
of the rest and operated it as a lathe 
tool. After that I had no more 
trouble with the grinder and made a 
nice, even job of grinding the com- 
mutator. I hope this account of how 
I overcame the trouble will be of 
some help to P. B. A. 


NICHOLAS J. WEISS. 


West New York, N. J. 
* «„ „ & 


Equalizing Large Generators I should 
like to have some reader of IN DUs- 
TRIAL ENGINEER tell me how to go 
about equalizing two 112-kw., 250- 
volt d. c. engine-driven generators 
and two rotary converters which fur- 
nish power at the same voltage. One 
of the converters is rated at 150 kw. 
and the other at 300 kw. They are 
supplied with alternating current 
from a public utility company and 
are modern units of up- ate de- 
sign. The engine-driven units are 
old-type, four-pole machines. I 
should like to equalize these units by 
means of resistance shunted across 
the series field. What losses would 
be incurred by this method of opera- 
tion? How should the proper value 
of the resistance be determined? 
Cincinnati, Ohio. R. G. 
Answering the question asked by 

R. G. P. in the December issue, I 

would say that equalizing large gen- 

erators should present no unusual 
difficulty when using the series 
field shunt he mentioned. 

There may be some cross current 
at times due to the fact that the neu- 
tral point on the engine-driven gen- 
erator shifts with the load and re- 
mains practically constant on the ro- 
taries. I do not know of any method 
whereby the exact value of the re- 
sistance can be determined except 
by “cutting and trying.” 

Usually, German silver or a simi- 
lar alloy is used in strip form. This 
comes in lengths of 100 ft. or more. 
The proper amount to use is found 
by trial and the balance returned for 
credit. 

In practice, the following method 
may be used to obtain a flat-com- 
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pounded generator: Connect one end 
of the strip to one end of the series 
field, making a permanent connec- 
tion. Unroll, but do not cut off, 
6 or 8 ft. of the resistance and 
clamp it to the other end of the 
series field coil. Next start up the 
generator and measure the exact 
voltage at no-load, and at ½-, -, 
34- and full-load. If the voltage 
at full load is higher than the voltage 
at no-load, shorten the series shunt 
and try again until the voltage re- 
mains constant. Next, cut off the 
remainder of the roll of resistance 
leaving about 12 in. projecting be- 
yond the temporary clamp. Follow 
the same method with the second 
rotary or generator. When this is 
done, test them for correct polarity 
using two lamps or a volt-meter of 
twice the voltage rating of the bus- 
bars. 

If the voltage and polarity are cor- 
rect, close the equalizer switches 
first, the series coil switches (posi- 
tive) next and the negative switch 
last. The circuit breaker should be 
placed in the negative lead. 

Now try the machines again at 
no-load, and at 14-, -, 34- and full- 
load. If their characteristics are 
approximately the same, which is 
very rarely the case, each machine 
should take its proper share of the 
load. If one machine takes more 
than its share, proceed as follows: 
Increase the resistance of the path 
through the series field coils of the 
machine taking too much load until 
the load is divided between the ma- 
chines in proportion to their capac- 
ities. Usually only a small increase 
in resistance is needed. The in- 
crease in resistance may be provided 
by inserting a longer conductor be- 
tween the generator and the busbar, 
or iron or German silver washers 
may be put under a connection lug. 

If the generators have different 
compounding ratios it may be nec- 
essary to readjust the series field 
shunts to obtain uniform conditions. 
This explains why an extra foot was 
left on the series field shunt resist- 
ance. 

The resistance strip used should 
be heavy enough to carry a large 
portion of the total load of the ma- 
chine, although it may never be 
called upon to do so. Inasmuch as 
this method of equalizing is in ev- 
ery-day use, I do not believe that 
there is much loss in connection with 
its use. PHILIP S. EMIGH. 


Chief Engineer, 
Mountain Water Supply Co., 
Indian Creek, Pa. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- | 

ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 
be welcome. 


Lengths of lineshafting may be 
erected or dismantled in the same 
way. If solid pulleys are attached 
to the shaft before it is erected it 
will be necessary to block the shaft 
up on the wooden cradle so that it 
will be at least approximately level. 
Another time and labor-saving ap- 
plication is to use the machine to 
place or remove overhead motors. 

Tiering machines with inverted 
platforms, such as this, are special 
and not ordinarily used for piling or 
tiering material in industrial plants 
because the platform does not go low 
enough. The standard type of plat- 
form which lowers almost to the 
floor may be used by building a spe- 


Helps in Erecting 
Radiators, Lineshafts or Motors 
on Ceilings 


RECTING or dismantling ceil- 

ing radiators, heavy pipelines, 
lineshafts, pulleys, or other similar 
equipment and placing or removing 
overhead motors—and almost every 
shop has considerable new work and 
alterations of this kind—is a task 
because of the difficulty in lifting the 
heavy pieces to the ceiling. Ordinar- 
ily, a chain hoist, even if it is pos- 
sible to attach it to the ceiling, will 
lift these objects only part of the 
way. The plan used in some new 
construction work, as shown by the 
5 3 ere a cial box-like extension to it so that 
a smaller gang to do more than dou- | the top of the box, when it is at its 
ble what had been considered pos- 95 V elevated position, will reach near 
sible under former methods of con- and hold the work at ceiling. enough to the ceiling. 
struction. This same plan could be 
used for dismantling also. 

In this case, hand-operated tier- 
ing machines (Economy Engineer- 
ing Company, Chicago, Ill.) with an 
inverted platform were used so as to 
support the work close to the ceil- 
ing until it could be fastened. The 
first step is to build a long cradle of 
about 4-in. by 6-in. timbers. This is 
balanced on, and bolted to, the tier- 
ing machine platform. During the 
assembling of the radiator, say, the 
ends of the cradle are supported on 
horses which hold the platform at a 
convenient height for working. 
These horses, if of the right height, 
may be used by the men to stand on 
later, while fastening the radiator 
to the ceiling. It is best to elevate 
slowly at first and test to see if the 
load is in balance and will not tip. 
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Providing Means 
for Making Foundation Anchor 
Bolts Adjustable 


N THE September issue of IN- 

DUSTRIAL ENGINEER, Frank Har- 
azim described on page 458 a simple 
method of making anchor bolts ad- 
justable. A method which we have 
adopted and found very convenient 
for accomplishing this purpose when 
making motor installations may be 
of interest. 


When the foundation is laid four 
square holes are made in it by the 
use of wooden mandrels. The mo- 
tor with the anchor bolts is then 
put into position, resting on chan- 
nel irons, and the holes filled with 
concrete. 


When the foundation is laid it is 
provided with four square holes, as 
shown in 4 of the illustration. 
These holes are, of course, located to 
conform to the motor anchor bolts. 
For making these square holes we 
use a set of four wooden mandrels 
approximately 4 in. square, which 
will serve in almost every case. 

The motor, with the anchor bolts, 
is placed in its final position on two 
small channel irons laid across the 
foundation, as shown in B. Then 
the holes are filled with concrete. 

When the concrete has set the 
channels are removed and the motor 
is let down. If the motor does not 
set level very thin iron plates may 
be used to raise the low end. The 
foundation is then finished all over 
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with cement. We have used this 
method with satisfactory results in 
installing motors up to 200 hp. in 
size. P. VAN HERK. 
Bressany, Belgium. 
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Rubber Pads on 
Easily Constructed Safety Shoe 
for Shop Ladders 


LIPPING LADDERS are often 

the cause of a serious accident. 
To prevent this, one company uses 
shoes on all shop ladders, as shown 
in the accompanying sketch. These 
shoes are made from two pieces of 
3/32-in. steel, a block of hardwood 
58 in. thick, preferably maple, and 


"51 der pads bible; Maple 


One of the advantages of this shoe 
is the light weight and the fact 
that it can be used on almost any 
type of flooring. Another advan- 
tage is that the ladder can be 
swung in either direction. 


3 ½ -in. by l-in. rubber pads, 21% in. 
long. The U- clamp is bolted to the 
flat steel plate, which prevents the 
maple block from splitting. The 
rubber pads should be glued on to 
the maple block, as well, or fastened 
by tacks or screws to prevent them 
from loosening. 


specially 


This concrete floor was 
treated to resist wear. 

At the Brookyn plant of the Englander 
Spring Bed Company 200,000 sq. ft. of 
specially treated floor surface has han- 
dled over a million tons in four years 
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Treating Concrete to 
Make Floor Surfaces Withstand 
Excessive Wear 


N MANY plants the concrete 

floors dust and wear away quite 
rapidly where they are subjected to 
heavy trucking. In the Brooklyn, 
N. Y. plant of the Englander Spring 
Bed Company, shown in the accom- 
panying illustration, this problem 
has been solved. In this plant 
200-000 sq. ft. of treated floor 
has been in use over a period of four 
years and has carried over 1,000,000 
tons of traffic without showing 
signs of excessive wear. 

These floors have been prepared 
by a special “Master Mix” treatment 
(The Master Builders Company, 
Cleveland, Ohio) which, it is 
claimed, not only makes them dust- 
less but more resisting to wear. 
Here the treatment is applied in the 
topping layer. In treating these 


_ floors a 1-in. treated topping is rec- 


ommended. This is made in the 
proportion of two parts of clean 
fairly coarse sharp sand to one part 
Portland cement and mixed thor- 
oughly dry. 

Next “Master Mix” is added to 
the gaging water gradually in the 
proportion of one gallon for every 
barrel of cement used. The cement 
is poured, floated and troweled in 
the usual manner. A second coat- 
ing when the surface is sufficiently 
set will produce a hard smooth fin- 
ish. The next step is to protect the 
surface of the cement from injury 
and keep it wet until the surface is 
hard. A layer of soft-wood sawdust, 
properly wet down, serves admirably 
for this purpose. This may require 
several wettings during this process, 
depending upon the atmosphere and 
the circulation of air, if the floor 
is in an enclosed area. 
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Easy Way of 
Dead-Ending Heavy Conductors 
at Old Wall 


N RUNNING a No. 4 line to sup- 

ply a three-phase motor operat- 
ing a sand cutter in a foundry it 
was considered advisable to avoid 
putting any strain on the outside 
wall of the building; this wall was 
only 12 in. thick and not very solid. 
Inasmuch as the line was quite long 
and rather tight, it was decided to 
anchor it to the first cross-beam just 
beyond the wall. This was done by 
dead-ending the three wires at globe 
insulators fastened to an iron bar 
30 in. long, 3 in. wide and 14 in. 
thick, which was held just outside 
the wall by two steel cables 1% in. 
in diameter, which were passed 
through the wall and clamped 
around the nearest heavy cross- 
beam. Mica globe insulators with a 
clevis on one side and a 14-in. eye 
on the other were used. The clevis 
was fastened to the flat iron bar by 


The conductors were 
dead-ended at insulat- 
ors attached to an 
iron bar which was 
held by cables passed 
through the wall and 
fastened to a beam. 


Service 
Around the Works 


. N 
For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 
tion, overhauling, testing or special installations. 
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a 1⁄2-in. bolt. The steel cables were 
drawn through holes in the bar, 
which were well beveled to avoid 
cutting the strands, and double 
clamped. 

The conductors were then carried 
through the wall in porcelain tubes 
and to the desired location, cleated 
to beams. By this scheme it was 
possible to keep the line tight with- 
out putting any strain on the wall. 
New Britain, Conn. H. S. Rich. 
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Points to Be Watched 
When Wiring for Motors in the 
Industrial Plant 


OTOR wiring problems in the 

industrial plant should be con- 
sidered from the standpoint of 
safety, reliability, flexibility, and 
efficiency. Refinements in construc- 
tion due to the consideration of 
safety features are receiving much 
more attention at present than in 
the past, and their value is self- 
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evident. The comparative import- 
ance of the item of reliability, which 
deserves more attention than it re- 
ceives, depends upon a number of 
factors but particularly upon the 
quantity of production interrupted 
or the loss to the manufacturer 
when the machinery stops. 

As an example, in one plant in 
which power for twenty operators is 
furnished by one motor, $130 per 
motor covers the entire cost of the 
equipment installed, including motor, 
belt, control and wiring. With an 
allowance of 25 per cent as the total 
annual charge-off for depreciation 
and obsolescence, the equipment 
charge per year is $32.50 er about 
ten cents a day for a single motor 
and its auxiliary fixtures. In con- 
trast to this, the wages of the twenty 
operators dependent upon this single 
motor amount to $10 per hour. Thus 
a refinement in construction that will 
prevent three 20-minute shut-downs 
per year at a labor cost of $10 would 
warrant an increase in the initial 
cost amounting to about 30 per cent 
of the total; in other words, an addi- 
tional initial expenditure of $40 
charged off over four years or at the 
rate of $10 per year would be justi- 
fied if it saved only one hour of time 
per year lost through shut-downs. 
Inasmuch as the wiring and installa- 
tion cost amounted to approximately 
40 per cent of the total cost of the 
motor equipment, 30 per cent of the 
total cost would be approximately 75 
per cent of the wiring and installa- 
tion cost. Thus it pays to get re- 
liable equipment and material and 
by installing it properly decrease the 
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likelihood of failure. In a plant in 
which the cost per motor per oper- 
ator is greater or less, a proportion- 
ate increase or decrease in expendi- 
ture for preventing interruptions 
would be warranted. 

In determining the economical size 
of wire, above the minimum require- 
ment as determined by the Code and 
other regulations and the permissi- 
ble voltage loss, the probable life of 
the installation, as well as the num- 
ber of hours per year the “energy 
saving” will be operative, should re- 
ceive very careful consideration. 
The load factor is another important 
item and should be given due weight. 
-In some plants the load factor is 
such that wiring mains large enough 
to handle the peak load are larger 
than the economical size for the aver- 
age maximum load. 

The possibility of costly interrup- 
tions of production as the result of 
the improper failure of a fuse or the 
opening of a circuit breaker renders 
advisable, in so far as practicable, 
the elimination of this equipment. 
One method of accomplishing this is 
by so designing the mains as to elim- 
inate cutouts intermediate between 
the main switchboard and the mo- 
tor. Further, such fuses, circuit 
breakers and control devices as are 
necessary should be placed where 
they will be readily accessible at all 
times. Also, from the standpoint of 
reliability an automatic circuit 
breaker, or a combination of an auto- 
matic circuit breaker and fuses fre- 
quently gives better service than 
fuses alone. In this construction the 
fuses are of such size as to blow 
only in the event of the failure of 
the automatic overload device. Au- 
tomatic overload and no-voltage pro- 
tective devices, especially for alter- 
nating-current motors, in convenient, 
enclosed form are available at a cost 
not exceeding and often less than 
that of fuses, when the saving re- 
sulting from the use of the circuit 
breakers is taken into consideration. 

In determining the minimum per- 
missible size of the main, allow 
ample provision for the maximum 
possible load. With a group of mo- 
tors in which the control is such 
that only one motor can be started 
at one time, the maximum load is 
usually at the time of starting the 
motor with the heaviest starting 
current when all other motors of the 
group are running under full load. 
In general the wiring mains should 
be of sufficient capacity to provide 
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for the simultaneous starting of as 
many motors as can be started to- 
gether even though all other motors 
of the group are running under full 
load. Thus a line of No. 6 B. & S. 
gage mains may be sufficient for a 
group of small 550-volt, three-phase 
motors with an aggregate rating of 
40 horsepower, and yet be insuff- 
cient for a single, heavy-starting 
motor not exceeding 20 hp. rating. 
These considerations are also of ex- 
treme importance from the stand- 
point of reliability. 

Reliability and continuity of serv- 
ice require wiring of ample capacity, 
proper size of protective devices in 
accessible locations and adequate 
protection of these devices from 
mechanical injury. 


Worcester, Mass. 


C. W. KINNEY. 
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Quick Method of 
Synchronizing Generators After 
Excitation Failure 


OME TIME ago I had an inter- 

esting experience in a hydro- 
electric power station where I was 
employed as an operator. 

As can be seen from the illustra- 
tion, the generating equipment con- 
sisted of two turbine-driven, and 
two motor-driven, direct-current ex- 
citers. The motors of the latter were 
fed directly from the 2,300-volt 
main bus. The four exciters could 
be operated in parallel with the d.c. 
bus which fed the a.c. generator 
fields. The turbine-driven exciters 
were used only for starting when 
the entire plant was down. There 


When the motor-driven exciters 
were tripped off the line, service 
was restored by starting up one 
turbine-driven exciter under the 
load of the generator fields. As 
the exciter voltage built up, the 
generators pulled into step. 


a 1,000-kw., 200-r.p.m. AC. enerators 


D.C. bus 


8.9 — 2,300 W. 2000-0. 180m. A.C. generators. 
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were knife switches and carbon cir- 
cuit breakers in all the circuits lead- 
ing to the d.c. bus, as well as in all 
a.c. generator field circuits leading 
from it. 

The a.c. equipment consisted of 
four 1,000-kw., 200-r.p.m., 2,300-volt, 
and five 2,000-kw., 180-r.p.m., revolv- 
ing-field a.c. generators, turbine- 
driven and controlled by Lombard 
governors. All of these generators 
fed into the one 2,300-volt bus 
through disconnects and oil circuit 
breakers. Under normal operation, 
the generator field current was sup- 
plied by the two motor-driven ex- 
citers. A Terrill voltage regulator 
was used to control the voltage. 

On the occasion referred to, seven 
of the nine a.c. generators were run- 
ning. The generator field current 
was supplied by No. 1 motor-driven 
exciter which had just about enough 
capacity to carry the load. Motor- 
generator No. 2 had been down for 
repairs. When starting it the floor 
man closed the compensator running 
switch before the starting switch 
was out. This, of course, short cir- 
cuited the compensator, the short 
blowing off the cover. The running 
switch for No. 1 and the starting 
switch for No. 2 motor-driven ex- 
citer were located rather close to- 
gether and when No. 2 shorted it 
not only went to ground but also 
shorted across the No. 1 running 
switch. The relay on No. 1 motor- 
generator immediately tripped the 
switch, leaving the seven a.c. gen- 
erators running without fields and 
connected to the bus. The speeds of 
the generators, when running with- 
out fields, varied all the way from 
half-synchronous speed to about 65 
per cent over synchronous speed. 

To restore service in the shortest 
possible time the carbon circuit 
breaker on motor-driven exciter 
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No. 1 was opened, clearing it 
from the d.c. bus. The carbon cir- 
cuit breaker on one of the turbine- 
driven exciters was closed. This ex- 
citer was then started with all the 
circuit breakers on the a.c. gen- 
erator fields closed and the seven 


generators still running and con- 


nected to the a.c. bus. It took over 
80 per cent gate opening on the ex- 
citer turbine for the d.c. voltage to 
build up, but as soon as it ap- 
proached normal the a.c. generators 
pulled into step and did not have to 
be synchronized. 

Service was thereby restored and 
the station was ready to carry full 
load in less than 2 min., while it 
would have taken at least 15 min. to 
synchronize all of the seven gener- 
ators in the normal manner. 

Possibly some other readers of 
INDUSTRIAL ENGINEER have had a 
similar experience. I would be in- 
terested in learning what they did 
in the emergency and whether they 
think my method would be likely to 
damage the equipment. Let us have 
a discussion of this through the 
pages of INDUSTRIAL ENGINEER. 
Belleville, Ont. J. H. GALLANT. 

— 0 


Float and Bell 
Device for Indicating Level of 
Water in Tank 


Ac water tank located on 
the top floor of a factory build- 
ing is supplied by two deep-well 
pumps located in the basement. 
Sometimes one pump is sufficient to 
keep the tank full of water; at other 
times both pumps are required. As 
a convenient means for keeping 
track of the varying water level in 
the tank, so that it may be known 
whether one or two pumps should 
run, the signaling system shown in 
the accompanying illustration was 
installed. 

Instead of the usual indicator at- 
tached to the line connecting the 
customary float and weight, this de- 
vice has a wooden block on which is 
mounted a moving contact in the 
shape of a copper stud passing 
through a spiral spring which bears 
against the collar on the contact end 
of the stud. The other end of the 
stud is inserted in a hole in the 
block. 

„As the water level changes, the 
moving contact closes the circuit 
through the various stationary con- 
tacts which are mounted on a 
wooden upright. The stationary con- 
tacts, of which there are seven, are 
made of copper strips 1% in. wide 


and ein. thick. A wire leads 
from each contact to a correspond- 
ing button on a 7-point switch 
mounted in the engine room. As 
shown, the arm of the 7-point switch 
is connected to the battery and bell; 
the other side of the bell is con- 
nected to the moving contact, which 
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Stationary 
Cor 


A movable contact, whose position 
is controlled by a weight and float, 
closes the bell circuit at various 
water levels. 


By shifting the arm on 'the 7-point 
switch the approximate water level 
may be determined, or by setting the 
arm at the point corresponding to 
any desired level the bell will be 
rung when the water has reached 
that level. 


eee 


is actuated by means of the float and 
weight. 

In operation the switch lever is 
set on the right-hand contact button 
and both pumps are started at max- 
imum speed. When the tank is full 
and the movable contact is in touch 
with the bottom stationary contact, 
the bell rings. The switch lever is 
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then shifted to the second contact 
from the right, one of the pumps is 
stopped and the speed of the other 
is checked somewhat. If the alarm 
is again sounded, the pump in serv- 
ice is speeded up, or the other one is 
started. 

The engineers strive to keep the 
water in the tank at a level cor- 
responding to a position between the 
two lower stationary contacts. If 
the water should drop below the level 
at which the bell circuit is closed 
through the second switch contact, 
the actual level can be found by 
shifting the switch lever to the left 


until the bell rings. A. J. DIXON. 
St. Louis, Mo. 
— —— 


Two Methods 
Which Keep Tape on Conductors 
From Loosening 


HEN cables are brought up to 

the connection lugs at switch- 
boards they are covered with fric- 
tion tape. After being wrapped 
around the cables the tape is painted 
or varnished, both to give it a 
smooth surface to which dust and 
dirt will not adhere and to prevent 
it from absorbing moisture. 

But in order to keep the tape 
clean it must be wiped down from 
time to time. Unless the tape 
wrapped on the cable is of unusually 
good quality, and the quality of the 
various makes of friction tape on 
the market varies more than does 
the quality of most electrical ma- 
terial, it will soon begin to dry out 
and lose much of its ability to stick 
to the cable or the other wrappings 
of tape. 

Even good friction tape will be- 
come loose if it has been carelessly 
wound on. Also, the continual wip- 
ing down of the cables helps to 
loosen the wrappings, especially at 
the ends. This often results in an 
inch or two of the tape becoming 
loose at the end and hanging down. 
When conditions become too bad the 


loose end is cut off, but after a while 


more of the tape unwinds and has 
to be cut off. Eventually new tape 
may have to be applied. 

There are two ways of preventing 
loosening. One way is to wrap the 
last turn loosely at first and pull 
the end of the tape down underneath 
it before giving it the final tension. 
The other way is to leave the end of 
the tape on the outside of the wrap- 
pings, but later tie it in place by 
binding around it several turns of 
strong, but soft and .light, linen 


twine. G. H. MCKELWAY. 
Westfield, N. J. 
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This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 


Mechanical Maintenance of 
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Emergency Method to 
Shorten Interruption of Service 
From Drive Failures 


HEN a motor driving a line- 
shaft in the plant of one Cin- 
cinnati machine tool manufacturer 
gives out for any reason, the inter- 
ruption of service is only tempo- 
rary. Extra motors with starting 
equipment are mounted on lift-truck 
platforms and can be taken to any 
lineshaft in a few minutes. An ex- 
tra pulley is so placed on each line- 
shaft that the special motor on the 
platform may be deposited at the 
edge of an aisle at right angles to 
the shaft and the pulleys will be in 
line. Each motor has its own belt 
and as the lineshaft speeds are 
standardized, any motor will drive 
the shaft at the proper speed. Emer- 
gency leads are connected in and 
the group of machines can be going 
again in a few minutes. 
The motor which gave out can 
then be inspected and removed if 
necessary. If it can be placed back 


in service shortly the extra motor is 


used until the repair is made; other- 
wise, either it or another motor is 
installed, on over-time if necessary, 
so that it does not interfere with the 
use of the production machines. 
These extra motors and starting 
equipment are used, when not re- 
quired for emergency service, to 
drive large machine tools when 
“working in” or fitting the bearings 
before sending out to the customer. 
In an emergency, one of these mo- 
tors can be taken away from this 
work without anywhere near as 
large a loss as would be caused by 


. Power Drives 


ing 


the stopping of a lineshaft driving a 

group of production machines. 

Chicago, III. F. E. G. 
— ___. 


Beveled Sides Prevent Sluggish 
Action of Oil Rings 


LUGGISH action of oil rings, 

leading to improper lubrication 
of motor bearings, was cured after 
considerable searching for the cause 
of the trouble by beveling the sides 
of the rings of motors made in one 
factory. On testing these motors it 
was noticed that the ring would 
creep along at a very slow speed, 
two or three revolutions a minute on 
a machine of several horsepower, 
instead of the regular speed of about 
thirty to fifty revolutions. Although 


service from the first mechanical 


driv- 
element through transmitting 
equipment to all driven machines. 
>> a 


all journals and rings were made in 
large numbers and as nearly alike as 
possible, this trouble appeared on 
about one machine out of ten and 
disappeared nearly every time a new 
ring of the same size and shape was 
put in. Sometimes, of course, it was 
due to the ring rubbing against 
some projection on the casting, but 
more often no apparent cause was 
found by the assembling department. 

At that time the oil rings were 
cut from a rather heavy brass tube 
with straight sides (see A in the 
illustration), making the cross-sec- 
tion rectangular in shape while the 


The rings are beveled on either the 
inside or the outside to prevent 
them from sticking to side of oil 
ring slot. 
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journals had a straight slot 0.02- 
0.025 in. wider than the ring. 

It was finally discovered that un- 
der certain conditions the ring would 
start with the machine and perhaps 
come up to normal speed but soon 
work itself toward one side of the 
slot and slow down, hugging closer 
and closer until there was only a 
very thin film of oil between the ring 
and the flat part of the journal. 

Therefore, in an attempt to pre- 
vent sticking, three rings were re- 
moved and their sides were slightly 
beveled, as in B of the illustration. 
Then the trouble entirely disap- 
peared. Since that time all oil rings 
are beveled either from the outside 
or from the inside, as at C, and there 
has been no sticking. 


PHILIP G. BERNHOLZ. 
East Orange, N. J. 
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Easy Way of Mounting Motor to 
Release Floor Space 


CONOMY of floor space and 

convenience of control are now 
being obtained in one industrial 
plant by attaching the motor stand 
and control apparatus directly to 
‘the building columns, instead of 
mounting the motors on four iron 
pipes extending from the floor to 


The motor and control equipment 
are mounted on platforms which 
are supported by iron bands 
around the building columns and 
by rods from the ceiling. 
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the ceiling, as was formerly done. 
As the old supports were about 4 ft. 
apart, about 16 sq. ft. of factory 
floor space was wasted. In addition 
the supports usually interfered with 
the transportation of material. 

The improved support is con- 
structed by joining two half-circle 
iron bands around the column by 
means of bolts so that they cannot 
slip and attaching horizontal angle- 
iron pieces to the joints. The other 
ends of the angle-iron pieces are 
held in place by means of vertical 


34-in. rods attached to the ceiling. 


The motor is set on a wood platform 
built on the framework. 

The switch box containing fuses 
and the motor starter can now be 
mounted on the column directly be- 
neath the motor, so that considerable 
overhead conduit which was for- 
merly used between the starter and 
motor is avoided. The motor can be 
easily cleaned and its location af- 
fords convenient inspection. 

New York, N. Y. J. S. T. 
SS eS 
Flat Spot on Driving Pulley 


Causes Trouble 


OME time ago we experienced a 

great deal of trouble with ex- 
cessive sparking at the brushes of 
a generator. This case of trouble 
was so unusual that an account of 
what was done to prevent the spark- 
ing and how the real cause was 
finally discovered may be of interest 
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to readers of INDUSTRIAL ENGINEER. 

The generator was a 16-kw., 125- 
volt, 1,250-r.p.m., direct-current ma- 
chine. When I found that I was not 
able to stop the sparking, I wrote 
to the editor of a well-known elec- 


-trical magazine for suggestions. His 


reply stated that sparking might be 
due to one or more of the following 
causes: (1) Brushes not properly 
sanded; (2) brushes out of line; 
(3) too much vibration; (4) bear- 
ings worn so that armature is not 
centered between pole pieces; (5) 
high mica. 

I checked up these points, but the 
sparking gradually became worse, 
and finally the generator had to be 
shut down because of excessive 
heating of the commutator. On my 
suggestion, an expert repair man 
was called in to test the generator 
for grounds and other defects. He 
said there was a ground in either the 
armature or commutator and, as 
there was no repair shop in town, 
the commutator was carefully re- 
moved and sent to a large shop in a 
nearby city. This shop reported 
that the commutator was in good 
condition and advised us to send 
them the complete machine for 
overhauling. 

After going over the generator 
carefully, they were unable to find 
any defects and sent it back. But 
when it was placed in service again, 
the old trouble was just as bad as 
ever and the machine soon had to 
be shut down. At this time the gen- 
erator was supported on wooden 
blocks which were bolted to the en- 
gine room floor. The floor had been 
blocked up underneath the generator 
and seemed to be very solid. The 
manager of the plant decided, how- 
ever, to put the generator on a con- 
crete foundation, as it was thought 
that vibration might be the cause of 
the trouble. But when it was placed 
on the new foundation, the genera- 
tor behaved no better than it had 
before and had to be shut down 
again after running for only a short 
period. 

An expert from another city was 
then called in and after a thorough 
inspection reported that there were 
no grounds present. He lined up 
and spaced the brushes and advised 
that the bearings be rebabbitted, the 
machine bolted down firmly, the com- 
mutator tightened up and turned 
down, and the belt straightened or 
replaced, as it was running some- 
what out of line. All of this work 
was done, but when the generator 
was again put in service it ran very 
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little or no better than before. In 
addition, the brushes cut the com- 
mutator badly. As a possible rem- 
edy, we undercut the mica and in- 
stalled a comb grounded to a water 
pipe for draining static electricity 
from the belt; all without results. 

Soon the commutator had to be 
turned again, and this time the 
pulley was put in the lathe at the 
same time. We were using a paper 
pulley and found a small flat spot on 
it, so 3/32 in. was taken off. 

After the commutator was turned 
down the generator was assembled 
and put in service, and we found to 
our surprise that all of the trouble 
had disappeared. The generator 
ran perfectly with no sparking or 
heating of the commutator. That 
was over two years ago and the ma- 
chine is still running with no trouble 
whatever. We have often asked 
ourselves why we did not think about 
the pulley before. I do not know 
why we did not think of it as a pos- 
sible source of trouble. This incident 
did, however, impress on all of us 
the fact that in practical engineer- 
ing work the little things are some- 
times the most important. 


WALTER W. P. SINCLAIR. 


Medicine Hat, 
Alberta, Canada. 


— —— 


Savings Made With 
Silent Chains on Lineshaft 
Drives in a Textile Mill 


ORMERLY eleven steam en- 
gines distributed about the Falls 
Schuylkill Mill drove lineshafts op- 
erating the various groups of tex- 
tile machines. This system has been 
almost entirely replaced by smaller 
groups, each driven by a motor con- 
nected to its lineshaft through a si- 
lent chain. When this change was 
made the eleven engines and boiler 
rooms were replaced by one modern 
power plant with a consequent sav- 
ing of the wages of six engineers 
and ten firemen. Also the single 
power plant gives better operating 
economies. In addition, much of the 
heavy friction load of the large line- 
shafting required for engine drive 
was eliminated by the subdivision 
into smaller groups. 
On this installation motors oper- 


One of the group drives of the 
Falls Schuylkill Mill. 


In this mill a large number of groups, 
each driven by an individual motor 
and Link-Belt silent chain, have sup- 
planted eleven steam engines, each 
with its boiler room, driving large line- 
shafts. The large speed reduction— 
1.700 r. p. m. to 105 r. p. m.— is obtained 
directly without countershafting or 
other auxiliary reduction units. 
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ating at 1,700 r.p.m. drive the line- 
shafts at 105 r.p.m. This reduction 
is obtained through the sprockets 
and chain only and without any in- 
termediate countershaft, as would 
be necessary with belt drive. If slow- 


- speed motors had been used they 


would have increased the cost. Also 
the motors were placed close to the 
lineshaft; in one type of drive the 
distance between centers is only 
3 ft. 6 in., while if a belt were used 
the distance would need to be about 
8 ft. to 10 ft. 

The silent chains (Link-Belt Co., 
Chicago, Ill.) require but little at- 
tention except for lubrication. They 
also run slack which lessens the 
friction on the bearings. Some of 
the chains have been in service about 
ten years at loads above their rat- 


ing and are still in good condition. | 


Chief Engineer, ROBERT CALHOUN. 


John & James Dobson, Inc., 5 
Philadelphia. Pa. 


Simple Method of 
Bracketing a Small Motor to a 
Bench Lathe 


IRECT motor drive for the 

bench or hand lathe is a 
worth-while convenience, particu- 
larly where considerable work is 
done and the operator depends on 
foot power to drive the lathe. In 
some small shops which actually 
have only occasional use for a power- 
driven bench lathe, a larger lathe 
than necessary is used because a 
power drive for the small lathe 
means installing shafting and pul- 


‘leys at considerable expense. 


It is possible, however, to apply 
individual motor drive to the small 
lathe by means of a simple method 


g 
g 
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of bracketing, as shown in the ac- 
companying illustration. 

The bracket can be quickly and in- 
expensively made by bolting four 
steel-plate supports or legs to the 
headstock of the lathe. The plates 
should be about 1% in. thick and 
should be bent at the lower end to 


Four legs made of steel plate are 
bolted to the headstock of the lathe 
and support a platform which is 
large enough to receive the motor 
base. 

. 


conform to the shape of the head- 
stock. These legs support a base 
plate of 3,-in. steel which is fas- 
tened to the supports with machine 
screws. The motor, which will be 
about ½ or 1% hp., should be bolted 
to the plate. A short belt drive is 
used and, if a step pulley is put on 
the motor shaft, speed changes can 
be made as usual by changing the 
position of the belt on the pulley. 
A snap switch located on the 
motor bracket, or close to the lathe, 
and connected to the shop lighting 
system, will make it possible to op- 
erate the lathe independently of the 
other shop equipment. The conven- 
ience and simplicity of this installa- 
tion will appeal to the user of a 
foot-power lathe, and in most cases 
the materials for making the bracket 
can be found in the shop. 
Washington, D. C. G. A. LUERS. 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Simple Indicator for Locating 
Repair Men in the Plant 


E HAVE found the device 

which is shown in the illus- 
tration so useful for locating elec- 
tricians and other workmen that it 
may be of interest to the other read- 
ers of INDUSTRIAL ENGINEER. 

As will be seen it consists simply 
of an arrow and a round metal disk 
cr dial, which is divided into as 
many sections as there are depart- 
ments in the factory. Both dial and 
arrow may be made of any suitable 
material, such as thin sheet iron, 
wood or fiber. A hole should be 
drilled through the center and the 
cial mounted, on a board or on the 
wall in any convenient location, by a 
screw so that it will turn freely. It 
is advisable to put a rubber washer 
back of the dial and one in front, 
before putting the screw in. The 
screw should then be tightened just 
enough to prevent the dial from be- 
ing jarred out of position after it is 
once set. 

The arrow, which carries the 
name of the workman, should also 
be drilled through the center and 
fastened in the same way as the dial, 
using rubber washers to keep it 
from turning too freely. 

When in use the arrow should be 
set in the horizontal position and 


When the electrician goes out on 
a job he sets the arrow in the hori- 
zontal position and turns the dial 
until the arrow points to the de- 
partment in which he can be found. 


Contributions are always welcome. 


the dial turned around until the ar- 
row points to the department where 
the electrician is working. When he 
comes back to the shop he sets the 
arrow in the vertical position; thus 
the shop foreman knows where he is. 

Although the dial and arrow 
shown here are intended for use in 
the electrical department, they can, 
of course, be readily adapted for use 
in the millwright or other depart- 


ments. ULYSSES F. COURTNEY. 
Electrician. 
Avery Company, 
Peoria, III. 
— o i 
Motor-Driven File Lessens Work 
of Reaming Small Holes 


FTER reading G. A. Luers’ ar- 
ticle under the above heading, 

on page 607 of the December issue 
of INDUSTRIAL ENGINEER, in regard 
to using a motor-driven file to ream 
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out small holes, I wish to point out 
one of the disadvantages in using 


the method he describes. 


All of the round or “rat tail” files 
in my possession are cut. with a 
right-hand screw pitch, and as an 
electric drill rotates in the same di- 
rection there is a tendency for the 
rapidly revolving file to be forced 
into the hole which is being reamed. 
If the hole is smaller than the larg- 
est part of the file disaster to the 
work, the file or the drill will follow 
immediately, unless the operator 
uses extreme care. | 

This statement is based on actual, 
and painful, experience. 
Indian Creek, Pa. PHILIP N. EMIGH. 
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How to Find 


Commutator Pitch of Armature 
Coils with Test Lamp 


N A RECENT issue of INDUS- 

TRIAL ENGINEER a reader asked 
for the best and quickest method of 
finding the commutator pitch of an 
armature coil with a test lamp. Per- 
haps a description of the method we 
use for this purpose may be of in- 
terest to other readers also. 

On a lap-wound armature lift out 
of the commutator necks three ad- 
jacent top leads only; then apply 
one end of the test light to the 
middle top lead, making sure that 
the other two raised top leads do not 
touch it or the commutator. Then 
with the other test lead touch the 
bar on either side of the bar to 
which the middle top lead is con- 
nected. Only one bar will give a 
light providing, of course, that the 
winding is not completely burnt out 
and full of shorts. If a light is ob- 
tained when touching the bar to the 
right, the winding is single-lap pro- 
gressive or left-hand; if the bar to 
the left lights out the winding is 
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single-lap retrogressive or right- 
hand. 

If no light is obtained, however, on 
either side of the middle lead bar, 
this would mean a double-lap wind- 
ing, right-hand or left-hand as above. 

When checking the winding con- 
nection in this manner test between 
all raised leads and commutator bars 
to make sure that the section is free 
from shorts. 

For a wave winding raise any 
three adjacent top leads as above 
and test for shorts; then with one 
test lead on the middle top lead, slide 
the other test lead around the com- 
mutator towards the bottom of the 
coil, or for a left-hand coil run the 
test lead in a clock-wise direction 
around the commutator and for a 
right-hand coil in a counter-clock- 
wise direction. 

One way a left-hand coil can be 
identified is as follows: Stand fac- 
ing the armature at the commutator 
end; then if the top half of the ar- 
mature coils are on your left the 
coils are left-hand, if on the right 
the coils are right hand. It is very 
important to get the direction of the 
test lead right on a four-pole motor 
as there are two lead pitches pos- 
sible, that is, a long pitch and a short 
pitch, and by counting around one 
way one pitch would be had and then 
if a count is made in the opposite 
direction another pitch would re- 
sult. The correct pitch is always 
found by moving the one test lead 
around the commutator towards the 
center of the coil to which the top 
lead is attached. Run the test lead 
around until a bar is reached that 
lights the test lamp; it should light 
on only one bar. This bar will be 
half-way around the commutator on 
a four-pole armature, one-third 
around on a six-pole, one quarter on 
an eight-pole, and so on. When this 
bar is located, mark it; then count 
over from the bar to which the mid- 
dle top lead is connected. This will 
give the lead pitch. Then with one 
test lead still on the middle top lead 


X Full line = top leads 
ON Dotted line = bottom leads 
` ` 


Left hand progressive 


lap winding 
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try the other test lead on the bars 
on either side of the middle bar. If 
a light is obtained on the bar to the 
right of the middle bar, then, with 
a left-hand coil the winding is 
single-wave progressive. If the light 
is obtained on the bar to the left, 
with a left-hand coil, the winding is 
single-wave retrogressive. If no 
light is obtained on either bar, but 
the test lamp lights up when the 
test lead is put on a bar which is 
two over from the middle bar, or 
1-8, either side, the winding is 
double (four circuit) wave. 

The diagram illustrates the above 
method of testing. 

When an armature is received 
completely burned out, that is, with 
turns and bars shorted, the follow- 
ing method of taking data can be 
used: 

First remove hoods, if any, and all 
end- and core-bands and the core 
bands on the leads at the rear of 
the commutator. Then determine 
whether the coils in the winding are 
right-hand or left-hand. Select any 
one coil and mark it with white chalk, 
and also mark the commutator bar 
to which the top leads of this coil 
connect; then, if the winding is left- 
hand start to cut off the top leads 
only at the rear of the commutator, 
starting at the bar to the right of the 
bar to which the leads of the marked 
coil connect. Do not cut these leads. 
Remove all top leads three-quarters 
of the distance around the commu- 
tator. Next, estimate the coil pitch, 


Method of finding type of winding 
and commutator pitch of coils with 
test light. 


On a lap-wound armature three adja- 
cent top leads are lifted and one end 
of the test light is applied to the 
middle lead. The other end of the 
light is touched on the bars on each 
side of the bar to which the middle lead 
connects. If a light is obtained on the 
bar to the right the winding is single- 
lap progressive, or left-hand. A light 
on the bar to the left shows that the 
winding is single-lap retrogressive, or 
right-hand. The diagram at the left 
shows a left-hand progressive lap 
winding. The diagram at the right shows 
the method of testing for lead pitch 
and type of winding. Details of the 
method are given in the text. 


Coil No. l 


type Of winding 
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which can be taken as the number of 
slots divided by the number of poles; 
use full-pitch figures. Then taking 
the slot which contains the top of 
the marked coil as a starting point, 
count over to the right, a number of 
slots equal to twice the coil pitch. 
Start to lift the top half of the coil 
in this slot; when possible cut the 
coil in two to enable it to be pulled 
out of the way. Proceed with each 
top half of coil, until enough tops 
have been lifted to enable the com- 
plete coils to be removed. When 
lifting coils work back towards the 
marked coil; as each top or complete 
coil is lifted or removed pull it 
around to the right on the commu- 
tator end as far as it will go, so as 
to expose the bottom leads. When 
removing complete coils cut the bot- 
tom leads of each coil as it is re- 
moved. Proceed as above until the 
marked coil is reached, which will 
then be completely exposed to view. 
It is then a simple matter to check 
the lead pitch and coil pitch. 

For a right-hand winding work to 


the left. A. C. ROE. 


Detroit, Mich. 
— . — 


How One Shop 
Repaired a Broken Oil Stone 
With Shellac 


HARD oil stone, one of the fa- 

vorites in a small repair shop, 

was repaired recently, after it had 

been dropped and broken through 
carelessness. 

Inasmuch as the breaking of oil 
stones is a more or less frequent oc- 
currence, the method of repair used 
in this instance may be of interest. 
The stone was cleaned of oil by 
wiping the fracture and the adja- 
cent surfaces with alcohol and plac- 
ing the two pieces over the top of a 
small gas heater. After the stone 
was thoroughly heated, and the oil 
had been driven off, powdered shel- 
lac was sprinkled over both faces of 
the fracture, where it melted and 
flowed into the numerous crevices. 
While hot, the two sections were fit- 
ted together and clamped in an idle 
milling machine vise. 

The shellac hardened as the stone 
became cool and the junction was 
not visible. Apparently this method 
of repair restored the stone almost 
to its original condition, as it has 
been constantly used since then and 
the line of fracture shows no evi- 
dence of separation. In fact, the 
user of the stone can hardly tell it 


had been repaired. G. A. LUERS. 
Washington, D. C. 
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Rewinding a Large Generator 
In Thirty-three Hours 


LARGE mill needed more gener- 
ating capacity and a 500-kw. 
220-volt, three-phase generator di- 
rect-connected to a Corliss engine, 
was at length purchased. The mill 
was operating on a two-phase system 
but we were assured that the new 
generator could be re-connected for 
two-phase and would operate satis- 
factorily, which it did up to about 
half load. Six months later the 
power demand increased and some 
trouble developed as the fields of the 
exciter and the generator heated to 
the danger point and we could not 
maintain the voltage at 180, much 
less at 230, its proper point. 

Although some relief could have 
been obtained by improving the 
power factor it was decided to rewind 
the alternator with a two-phase 
winding. The large generator could 
not be idle for more than six days 
while it was being rewound. It was, 
therefore, necessary to plan the 
work so that the rewinding could be 
done with the least possible delay. 
The plant was idle on Sunday and so 
careful measurements were taken of 
the slots, wedges, and the existing 
winding. The machine was about 15 
ft. in diameter and 3 ft. wide, with 
360 open slots wound with diamond 
coils. 

With this data, a new winding was 
designed having approximately 20 
per cent more turns and by using 
flat wire instead of round it was 
found that the same cross-section of 
copper could be maintained. A 
wooden pattern was constructed rep- 
resenting twelve slots of the stator; 
then the coils were wound, dipped in 
insulating varnish, taped with oiled 
linen, sleeves put on the leads and 
the coils again taped with cotton tape 


Wedge Driver 


Lone here 


Wedge 


Phasing out 
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and dipped. As the coils were fin- 
ished they were placed on the wooden 
pattern and connected into groups of 
three, the number of coils per pole- 
phase-group. The slot insulation 
consisted of 0.015-in. fish-paper with 
a 0.030-in. strip in the bottom and 
between the coils. When the coils 
were finished all of the other mate- 
rial needed for the job was gotten to- 
gether so that the work of rewinding 
could be started promptly on a Sat- 
urday noon. 

As soon as the machine was shut 
down the stator was slid shaftways 
on its supporting base. The maxi- 
mum travel allowed only about 3 in. 
between the ends of the stator coils 
and the field coils. Stripping of 
the old winding started at once and 
as it was a thirty-parallel, two-phase 
connection, the end of each branch 
was carefully unsoldered from the 
connecting coil so that it could be 
used again on all four main leads to 
the switchboard. After driving the 
wedges out, the coils came out easily, 
as the insulation was old and brittle. 
The slots were then cleaned carefully 
and new insulation put in. Three 
men were employed in rewinding, 
with a helper to carry the material 
to them. One man put in the coils 
in groups of three; as was previ- 
ously mentioned they were connected 
in groups at the shop in order to 
speed up the work. The other man 
cut the fishpaper cells flush with the 
top of the slots and drove the wedges 
in, The wedges were of maple and 


were made in two pieces to be driven 


from each end of the slot. The lower 
tip of the wedge was slightly con- 
cave, as shown at A in the illustra- 
tion, so that it would fold the fish- 


Some devices used in rewinding 
large generator and method of 
phasing out. 


Scoop for catching Solder 


Shape of wedge tip 


fade” E 
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paper over as it was driven in. The 
wedges were easy to drive in on one 
side but it was difficult to drive them 
in on the other side on account of the 
fields being in the way, and the tool 
shown at B was designed. This tool 
was easily made of -in. by l-in. 
iron and was very efficient. The coils 
were all in and wedged by 12 :00 
o’clock that night. 

Next morning we started connect 
ing up. As previously stated, the 
four main leads with their thirty 
connecting branches were carefully 
saved from the old winding and as 
the new winding was started in the 
same relation as the old, the leads 
fitted perfectly and the work was 
speeded up considerably. One repair 
man made the connections with cop- 
per clips and the other soldered them. 
The pouring method was used: A 
plumbers’ pot was filled with solder 
and with a ladle and the scoop 
shown at C it was possible to solder 
in close quarters and still do fast 
work. The helper taped all the con- 
nections. 

After everything was finished the 
machine was given a spray coat of 
an oil-proof, air-drying insulating 
varnish. Inasmuch as we had taken 
the precaution of starting the new 
winding in the same relation as the | 
old one, phasing out was hardly nec- 
essary but for safety it was decided 
to check up on it. This was done, as 
shown at D, with the generator 
switch open. Wire jumpers were 
placed on contacts 2 and 4 and these 
two wires run to separate phases of 
a small two-phase motor. The other 
free wires were first placed on upper 
contacts 1 and 3 and when the motor 
etarted the direction of rotation was 
noted. Then the two leads from the 
small motor were placed on lower 
contacts 1 and 3 and, as was ex- 
pected, the direction of rotation was 
the same as before. The repair 
crew went home at 5 o’clock Mon- 
day morning, after the- generator 
had been given a short test run to 
see that it operated satisfactorily. 
By carefully planning the work and 
doing beforehand everything that 
could be done in the shop the job 
went along smoothly and was com- 
pleted in about 33 hours instead of 
the six days that had been allowed. 
In recognition of their good work 
the repair men were given an extra 
week’s pay and two days to rest up 
in—and I will say that it was well 


worth it. ANTHONY J. MORRONI. 
Denver, Colo. 
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Varnishes and Their 


Solvents 


(Continued from page 126) 


not have to be replaced by repeated 
thinning as often as is the case with 
the more volatile reducers. 

Coal tar distillates such as F-160 
are heavier than those derived from 
petroleum. They are more homo- 
geneous and have a narrower cut. 
The solvent powers are the greatest 
of any of the materials described. 
They are not, as a rule, used alone 
but are mixed with petroleum dis- 
tillates. By their use varnish bases 
that could not otherwise be used are 
put into solution. Only very small 
quantities, as a rule, need to be used. 
Varnishes containing them will be 
found to be extremely oilproof and 
extremely resistant to varnish solv- 
ents of all kinds. They should not, 
however, be used in the treatment of 
plain enameled wire coils, unless 
particular care is taken. 

Turpentine is used to a very slight 
extent. Its solvent powers are great 
and hence the same objection to this 
product exists as is the case with 
the coal tar distillates. 

Wood or denatured alcohol is used 
chiefly in shellac and quick drying 
finishing varnishes; that is, var- 
nishes used over other coatings to 
give a glossy surface and, in some 
cases, for additional oilproofness. 
The big talking points for varnishes 
made with alcohol are the quickness 
with which they dry and the way in 
g which they “set up” on the surface, 
and their appearance. They are not, 
however, insulators until thoroughly 


Fig. 2.—Apparatus used to obtain 
the data shown in Table I. 
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dry and they do not penetrate the in- 
terstices of the coils where insula- 
tion is most needed. They are brit- 
tle and have a tendency to crack, 
allowing moisture to enter the wind- 
ings. They should only be used for 
outside protection of coils, for ap- 
pearance and a hard surface. 
Practical Points on Applying Var- 
nish.—To insure uniformity of ap- 
plication you should assure yourself, 
first, that the varnish chosen is of 
uniform quality, and second, that 
the consistency at which you use it 
is always the same. The first should 
be guaranteed by your source of 
supply; the second must be regu- 
lated in your own shop. Further- 
more, this consistency must be ad- 
justed for the particular kind of 
work that is being performed. The 
varnish that is satisfactory for light 
coils is not at all adapted for heavy 
coils, nor for dipping armatures. 
You should first thin the varnish 
to the point at which it works best 
on the particular kind of work at 
hand. Determine and record the spe- 
cific gravity by means of a hydrom- 
eter, calibrated for liquids lighter 
than water, and thereafter see to it 
that the consistency does not vary. 
In other words, when the solvent 
evaporates, replace it. Remember, 
however, that the specific gravity is 
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an indication of the consistency of a 
particular varnish only. It does not 
show a comparison between two dif- 


ferent products. This is easy to un- 


derstand because of the difference in 
gravity of the various types of solv- 
ents. Those already described range 
from 0.730 to over 0.800. Evidently 
the higher the gravity of the solvent 
the higher the gravity of the var- 
nish, with like percentages of base. 

Varnishes expand with a rise in 
temperature and contract as it low- 
ers, just as other liquids do. This of 
course varies the specific gravity It 
has been found that readings of the 
hydrometer vary 0.0007 for each de- 
gree variation in temperature on 
the Centigrade scale. Hence if the 
normal gravity of a varnish is 0.870 
at 21 deg. C. the hydrometer read- 
ings when the varnish is at 26 deg. 
C. will be 0.870 minus 0.0035 or 
0.8665. Although apparently thin- 
ner, the varnish will still be of nor- 
mal consistency. Similarly, if the 
temperature were 16 deg. C. the nor- 
mal consistency would be 0.870 plus 
0.0035, or 0.8735, although it would 
appear to be somewhat thicker. 

In practice there is generally so 
little difference in temperature when 
the gravity is taken before work is 
done that no account need be taken 
of this variation. It is of interest 
only so far as the changes in con- 
sistency between summer and winter 
temperatures are concerned. How- 
ever, if the varnish is to be used at a 
higher or lower temperature for a 
considerable period, the proper con- 
sistency of the varnish should be de- 
termined for the work at that par- 
ticular temperature and thereafter 
carefully maintained. The variations 
of the normal gravity with tempera- 
ture changes are shown in Table II. 

Directions for Care of Varnishes. 
—Perhaps a few directions for the 
care of varnishes will not come 
amiss at this point. Keep the var- 
nish tightly covered when not in 
use. Buy a hydrometer and use it. 
Determine the specific gravity at 
which the varnish works best for a 
particular job and take readings of 
the gravity every day before you 
start to use it. Add thinner when 
necessary to keep the varnish at the 
proper consistency. When thinning 
be sure that varnish and reducer are 
at the same temperature. Add the 
thinner slowly and stir it in thor- 
oughly all the while. When cold 
thinner is added too rapidly it is li- 
able to throw the varnish base out 
of solution. Large quantities, espe- 
cially if put in too quickly, often 
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cause a like result. Warmth aids 
the union; hence it is better to have 
varnish and reducer at a tempera- 
ture of between 70 deg. F. and 90 
deg. F. After the thinner has been 
added, continue to stir until you are 
sure that it has all been properly 
mixed. This can be determined by 
the “feel,” that is the way it runs off 
the paddle and the absence of streaks 
on the surface of the varnish. If 
the varnish gradually seems to 
change with successive thinnings, 
although the thinner mixes thor- 
oughly, there is probably something 
wrong with the reducer and you 
should consult the manufacturer. 

If the thinner, in spite of the ut- 
most care, seems to liver or precipi- 
tate the varnish base it is quite 
likely that it does not have the nec- 
essary solvent powers. The addition 
of a small amount of a more power- 
ful solvent will often remedy this. 

There seems to be an impression 
among many men that repeated thin- 
ning destroys the good qualities of 
the varnish. This is not true. Re- 
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member that it is the base of the 
varnish that gives you the insula- 
tion. The base does not evaporate. 
You are simply replacing, in the 
process of thinning, thinner which 
has disappeared. A very interesting 
test is what we term the “shop test.” 
This is made by filling a container 
with a varnish of a known specific 
gravity. Leave the container open 
day and night and each morning 
take a reading of the gravity and 
replace the solvent which has evap- 
orated. A good varnish will remain 
in solution for at least 30 days with- 
out livering or curdling. 

In conclusion we would point out 
that in purchasing varnish you are 
really paying for the base or useful 
material. The solvent does not pro- 


Table II.—Variations from normal 
gravity of varnishes with changes 
in temperature. 


When a varnish is to be used for a 
considerable period at à higher or 
lower temperature than normal, the 
proper consistency for the work should 
be determined at that particular term 
perature and thereafter carefully 
maintained. 
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vide any insulation and hence you 
should see to it that you are obtain- 
ing a varnish having a maximum 
amount of base. This can be deter- 
mined by means of the same appa- 
ratus shown for determining the dis- 
tillation range of the solvents, but 
when made in this way the test is 
& very delicate one and very difficult 
for anyone to perform without con- 
siderable experience. Probably the 
better way for the ordinary shop- 
man to determine this would be by’ 
the number of coils that could be 
treated with the varnish, making 
sure that when he is comparing it 
with another material that he is get- 
ting the same coating on the outside 
and the same degree of penetration 
on the inside. At best this test gives 
only rough results. However, the 
varnish manufacturer should be 
willing to tell you what percentage 
of base his varnish contains and to 
supply you with a certificate from 
an independent laboratory, provided 
your purchases warrant it. 

In line with other commodities 
you get in insulating varnish just 
what you pay for. Be sure that the 
product you are using is the proper 
one for your purpose; then when 
troubles arise take your source of 
supply into your confidence. 


— — 


You Have a Part to Play 
in Safety Work 


Here is a little jingle that carries a 
serious thought. It was written by G. H. 
McLaughlin, a crane man in Department 
245 of Plant No. 1 of the Studebaker Cor- | 
poration and appeared in that company’s ° 
house organ, called “The Studebaker Co- 
operator.” 


A crane man’s pathway is strewn with 
thorns, 
‘With hardly a rose to relieve it; 
Just to stand on the floor and look at him 
each morn 
No person on earth would believe it. 


He comes at your signal, glides along the 
steel path, 
Though the consequence be what it may; 
He takes up the slack and then hears the 
chain crack, 
Slow music and flowers the next day. 


Safety First signs are posted all over the 


snop, 
And the men higher up really mean it. 


But every darned bloke seems to think it 


a joke, 
Or act like they never had seen it. 


There may be other “rhyming bards” 
(unknown) among our readers. If so, we 
would like to hear from them now or any 
other time. 
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Voltage Changes on 
A. C. Motors 


(Continued from page 187) 


Or the number of turns per phase 
could be decreased in the desired 
percentage to get the effect of over- 
voltage. This can be carried up to 
the pull-out torque point of the mo- 
tor, but for good results stop within 
20 per cent of the pull-out torque. 

The per cent change in these fac- 
tors varies in different machines; 
hence we cannot say that a 10 per 
cent change in voltage of any ma- 
chine will have a certain per cent 
change in each of the factors. It is 
obvious that the greater the per cent 
over-voltage impressed on the mo- 
tor, the more the afore-mentioned 
factors will affect its operation. 

With under-voltage the efficiency 
is lower, the iron losses are reduced, 
the secondary and primary copper 
losses are greater, and the power 
factor is slightly raised. With 10 
per cent under-voltage the design of 
the motor would determine whether 
the full rated power could be deliv- 
ered without overheating. With a 
25 per cent reduction in voltage the 
horsepower rating would have to be 
reduced at least one-third. 

The fact that the starting torque 
of an induction motor varies as the 
square of the applied line voltage 
makes it possible to determine the 
resulting starting torque at any 
voltage, or the required line voltage 
for a given starting torque. The fol- 
lowing formulas can be used for set- 
ting auto-starters. Let: T equal 
torque at full line voltage; T: equal 
torque at reduced line voltage; V 
equal full line voltage; V: equal re- 
duced line voltage. 

Then, T: V?=T:: V2’ or T: = TV?’ 
+ V’ and V:=V[V(12 +L) J. 

When the full-load torque of any 
motor is known, the voltage required 
for any lower torque value can be 
found. Assume a 220-volt motor 
which will start with 2.5 times full- 
load torque with full line voltage. 
For a certain drive only 75 per cent 
of full-load torque is needed at 
starting. What voltage is required? 

Substituting in the above formula, 
V- = 220 [V(.75 + 2.5)] equals 
120.34 volts. 
of full voltage. Then if the lowest 
tap on the starter coil is 60 per cent 
the starting torque will be T. 2 T 
(1327 — 220°) = .90 T, or 90 per cent 
of full-load torque. 

If the full-load torque is known 
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the torque at any voltage lower than 
the full-line voltage will be less ac- 
cording to approximately the square 
of the voltage, provided the change 
is not too great. For example, sup- 
pose the line voltage of a 440-volt 
motor dropped to 400 volts. The 
torque will be 400° ~ 440° equals 
0.826, times the original torque. Or 
a reduction of 9.1 per cent in voltage 


resulted in 17 per cent less torque. 


This is only approximately cor- 
rect because the increased slip and 
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where the voltage change is not too 
great. If the torque on the motor 
remains the same after this voltage 
drop, more current will be drawn 
trom the line. This increased cur- 
rent might overheat the motor or, 
if the load were heavy enough, the 
motor would stop running. 

When a motor is working on over- 
voltage and it is desired to keep the 
magnetic conditions, etc., the same, 
the turns per phase must be in- 
creased in the same percentage as 


This is 45.5 per cent 


the over-voltage. Likewise for un- 
der-voltage the turns per phase or 
coil must be decreased. 


other factors have not been taken 
into account. It is sufficiently accu- 


rate, however, for rough calculations 


Table VIJI—Sin Values for 45 to 90 Degrees 
for Use in Figuring Chord Factors 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Detroit, 
Mich.—An interesting “Maintenance 
Chart” shows by a cross-section dia- 
gram of a building where the various 
Truscon maintenance products may 
be used in an industrial plant. These 
products include special preparations 
for walls, floors, ceilings and practi- 
cally any application or treatment 
for steel or cement surfaces, and a 
special skylight and window cleaner. 


Esterline-Angus Company, Indianapo- 


lis, Ind.—Bulletin 124 entitled “A 
Complete New Line of Graphic In- 
struments” announces the new model 
LR Esterline-Angus graphic meters 
which are made in wall type, switch- 
board type and portable type cases. 
They are also made with five hourly 
chart speeds which may be obtained 
by changing gears on the outside of 
the clock case. These speeds are 
4 -in., 1%-in., 6-in. and 12-in. per 
hour. The construction and other 
features of the instruments are ex- 
plained in the bulletin. 


Company of 
America, 1023-29 Coldspring Avenue, 
Milwaukee, Wis.—A booklet entitled 
“The Story of the Globar Element” 
describes the construction, character- 
istics and use of Globar“ which is a 
non-metallic electrical heating unit 
for industrial and domestic uses. 
This is claimed to be able to operate 
continuously up to 2,400 deg. F., and 
at higher temperatures for short 
periods. A number of industrial and 
domestic applications are described. 


Diehl Manufacturing Company, Eliza- 
beth, N. J.—Circular 1012 D-125 con- 
tains a brief description of the vari- 
ous types of Diehl motors, together 
with a condensed price list of the 
standard apparatus most frequently 
called for. 


The Hayward Company, 50 Church 
Street, New York City—Pamphlet 
620 entitled “Hayward Automatic 
Take-Up Reels” describes this special 
automatic take-up reel for use on 
electric motor-buckets and electro- 
magnets in connection with locomo- 
tive and traveling cranes. 


Mathias Klein and Sons, 3200 Belmont 
Avenue, Chicago, Ill.—Catalog 19 
describes the line of Klein tools for 
electricians, linemen and mechanics. 


American Schaeffer and Budenberg 
Corporation, Brooklyn, N. Y.—A 28- 
page catalog, No. 1400, describes the 
“American” spring pop safety and 
relief valve for stationary, portable 
and marine use. 


The Humphreys Manufacturing Com- 
pany, Mansfield, Ohio.—Bulletin 272 
describes the points in the construc- 
tion and operation of the Humphreys 
power pumps for miscellaneous in- 
dustrial purposes. These are built 
for motor or gas engine drive. 


The Phister Manufacturing Company, 


717 Sycamore Street, Cincinnati, Ohio 
—A leaflet describes the Phister ex- 
tinguisher, a l-gal. carbon tetra- 
chloride machine which is automatic 
in action. This extinguisher consists 
of a top and bottom casting of heavy 
brass to which is fastened an inner 
and outer brass shell forming two 
chambers. The outer chamber con- 
tains carbon tetrachloride and the in- 
ner chamber contains air under pres- 
sure, which when released into the 
outer chamber forces the liquids in 
a continuous stream a distance of 35 
to 40 ft. through the discharge hose. 
Carbon tetrachloride is a non-con- 
ducting and non-freezing liquid which 
can be used on electrical fires. 


Blue Seal Iron Company of Ohio, 554- 


55 Leader-News Building, Cleveland, 
Ohio—A small circular describes the 
use of Blue Seal Iron for making 
permanent patches and repairs. For. 
example, the electrician can use it 
for repairing castings, motor frames, 
commutator ends, electrical fixtures, 
for electrical “ground work” and 
when joining wires which require 
more strength than is obtainable from 
ordinary solder. 


Smith and Serrell, Central Avenue at 


Halsey Street, Newark, N. J.—A bul- 
letin describes the “Keytite” self-fit- 
ting key. This is a special key made 
with a hardened steel cutting edge 
near the end to cut its fit into the 
keyway as it is driven in by a ham- 
mer. These keys are made with or 
without heads. 


Grinnell Company, Providence, R. I.— 


An 82-page booklet on “Grinnell” ad- 
justable pipe hangers gives descrip- 


tion, dimensions and specifications of- 


various pipe hangers and their appli- 
cations. Several pages are devoted 
to instructions and information in 
regard to installing. 


The Black and Decker Manufacturing 


Company, Towson Heights, Balti- 
more, Md.— An interesting catalog 
covers the Black and Decker portable 
electric tools and other shop equip- 
ment including electric drills, valve 
grinders, screwdrivers, electric bench 
and pedestal grinders, and electric 
air compressors. Phantom views 
show the construction and operation 
of the portable electric drill and other 
equipment. 


Gillis and Geoghegan, 558 West Broad- 


way, New York City—A new 24- 
page, two-color catalog illustrates 
actual installations of “G & G” tele- 
scopic hoists as used for handling 
ash cans, barrels, bales and other 
loads between floors. 


Herbert Morris, Inc., Buffalo, N. Y.— 


Booklet 5041, entitled “Morris Ma- 
chines to Lift and Shift,” lists a wide 
variety of chain-blocks and illustrates 
some of their numerous applications. 


159 


Electric Furnace Construction Company, 
1015 Chestnut Street, Philadelphia, 
Pa.—A folder describes the Soder- 
berg Self-Baking Continuous Elec- 
trode adapted for stationary and tilt- 
ing electric furnaces. In making these 
a raw mixture of carbonaceous ma- 
terial is tamped into a ribbed cylin- 
der of light gage metal to form the 
electrode. As the electrode is con- 
sumed in stationary furnaces it is 
lowered into the furnace. and new 
electrode casings added to the top. 
With tilting furnaces the electrode 
is removed and another inserted while 
the first is built up. A claim is made 
for saving in electrode cost and an 
increase in running time due to free- 
dom from idleness while changing. 


The North Electric Manufacturing Com- 
pany, Galion, Ohio—A 16-page book- 
let describes the North Private 
Automatic Exchange for providing 
interior communication in factories, 
mills, railroad offices and shops, busi- 
ness houses and wherever instantane- 
ous and accurate communication is 
needed. In addition to telephone serv- 
ice this system will provide for a 
conference arrangement, code-call 
system for locating executives, watch- 
man service for the protection of the 
offices and plant, fire alarm system, 
warning of danger or emergency, 
annunciator service and pick-up serv- 
ice, which allows a call on one tele- 
phone to be answered on another in 
the absence of the called party. 


The E. F. Hauserman Company, 1729 
East Twenty-second Street, Cleve- 
land, Ohio—A series of leaflets de- 
scribe the Hauserman system of par- 
titions, shelving and skylights. The 
partitions are designed particularly 
for foremen’g offices and other small 
inclosures. The steel shelvings are 
available in a variety of shelves and 
pigeonholes, drawers and bins. 


Wright-Hibbard Industrial Truck Com- 
pany, Inc., Phelps, N. Y.—A folder 
describes the Wright-Hibbard type of 
elevating platform trucks. Some of 
the advantages claimed for this elec- 
tric truck are a short turning radius, 
light weight and simplicity. 


The Jeannin Electric Company, Toledo, 
Ohio—A 36-page booklet covers the 
- construction, use and application of 
the Jeannin single-phase, repulsion- 
induction motors. Of particular in- 
terest is the short-circuiting device 
which operates when the motor is at 
rest or below normal speed. 


Thermalene Gas Corporation, Kanka- 
kee, Ill—A circular describes the 
Thermalene ideal goggles for use in 
welding. These are adjustable and 
so fixed that the lens may be turned 
up when not welding without remov- 
ing the goggles. 


Holophane Glass Company, Inc., 42 
Madison Avenue, New York City— 
Booklet 375, entitled ‘‘Holophane 
Datalog” presents a large amount of 
data on illumination as compiled by 
the engineering department of this 
company from numerous investiga- 
tions and study. A table gives the 
desirable illumination which should 
be provided for various locations in 
good modern lighting practice. Other 
topics discussed are: depreciation 
factor and maintenance; how to plan 
an installation; coefficient of utiliza- 
tion for each of the various types of 
reflectors manufactured by this com- 
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pany; a description of each reflector 
with various installation and engi- 
neering information concerning it; 
reflection factors of walls and ceil- 
ings; a description of the Holophane 
lightmeter, with special recommen- 
dations for its use. 


Electric Company, Pitts- 
burgh, Pa.—Catalog 34 is a complete 
catalog and price list of the various 
conduit fittings and boxes and other 
electrical supplies manufactured by 
this company and distributed through 
jobbers. 


The Ohio Valley Pulley Works, Mays- 


W. T. Hunsdorf and Company, 


H 


ville, Ky.—A folder gives dimensions 
and prices for “Limestone” motor 
pulleys for motors, dynamos and sim- 
ilar work. This is a wood pulley 
built upon an iron hub. 


720 
Frankfort Avenue, Cleveland, Ohio.— 
Small circulars describe the high 
speed “Pin-Coil Winder” which is 
claimed to have quick adjustment and 
to be easily operated in the winding 
of pin-wound coils. This winder is 
equipped with turn counter and mul- 
tiple wire grip. Another folder de- 
scribes the coil duplicating machine 
which is used for converting pin- 
wound coils into high-grade “knuckle- 
type” coils for armature or stator 
work. 

asler-Tel Company, 461 Eighth Street, 
New York City—Folders describe the 
“Hasler Speed Indicators.” These 
speed indicators are provided with 
three pointers, one for centered 
shafts, another for uncentered shafts 
and a third with a small wheel which 
is used to measure the circumferen- 
tial or linear speed. The first two 
are used to obtain r.p.m. and the 
third in measuring surface speed in 
feet per minute as on beds of ma- 
chines or material in lathes. 


The Cutler-Hammer Manufacturing 


Company, Milwaukee, Wis.—Publica- 
tion 3062 entitled “Electric Conduc- 
tion Heaters,” describes and illus- 
trates the application of electric heat 
on metal pots, metal molds, emboss- 
ing press heads, gluing machines, 
package sealing machines, thread fin- 
ishing machines, shoe and textile 
machines, celluloid dies and other 
general industrial and machine appli- 
cations. Various types of heater con- 
struction are discussed, with the pos- 
sibilities of applying electric heat to 
many industrial processes. 


Foamite-Childs Corporation, Utica, N. 


T 


Y.—Folders describe the Foamite 
equipment for smothering stubborn 
fires in oil, gasoline, paint- and var- 
nish-dipping tanks, quenching tanks, 
and the like. 

he L. S. Starrett Company, Athol, 
Mass.— A revised supplement to 
Starrett Catalog 22 on “New Star- 
rett Tools” lists additional special 
machinists tools and is issued sup- 
plementary to the general catalog. 


The Schatz Manufacturing Company, 


Poughkeepsie, N. Y.—Catalog 8 lists 
the “Commercial” annular ball bear- 
ing rollers of both regular and spe- 
cial types. These balls are not ground 
and are intended for a wide variety 
of uses under moderate speed and 
light duty. Some of the industrial 
uses are on gravity roll conveyors, 
trucks, grindstones, sliding doors, 
belt conveyor rolls, casters, and a 
wide variety of machines. 
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Reliance Electric and Engineering Com- 
pany, Cleveland, Ohio—Bulletin 2014 
describes the Type T Reliance motors 
for direct current. In addition to a 
general discussion on why a more 
rugged, general-service motor is re- 
quired, a number of illustrations is 
given of each of the types of motors 
and also of each separate part. Ad- 
ditional illustrations give the method 
of assembling. The largest of these 
motors are made with split frames 
if desired. A large number of in- 
stallations on a variety of applica- 
tions are included. 


W. A. Jones Foundry and Machine Com- 
pany, 4401-51 West Roosevelt Road, 
Chicago, Ill.— Catalog 27 contains 
much valuable information on cast- 
iron, steel, wood and paper pulleys, 
such as the weights and extra lists 

for special types and rubber cover- 
ings. It also describes, illustrates 
and lists “Lemley” ball bearing loose 
pulleys and ring-oiling loose pulleys. 


C. J. Tagliabue Manufacturing Com- 
pany, 18-88 Thirty-Third Street, 
Brooklyn, N. Y.—A folder describes 
the “Tag” shutoff valve which is con- 
nected in the fuel lines of oil burners 
and other similar devices to auto- 
matically cut off the oil flow the in- 
stant that the steam or air pressure 
used for atomizing falls below the 
required minimum. 


The Johns-Pratt Company, Hartford, 
Conn.—A special folder shows the 
construction of the Noark“ univer- 
sal service switch. This uses plug 
fuses which may be removed with- 
out opening the switch. 


The Thermal Syndicate, Ltd., 350 Madi- 
son Avenue, New York City—A book- 
let entitled “Vitreosil Data“ describes 
the electrical insulating value and 
use of Vitreosil“, which is a fuse 
quartz or silica, as well as its other 
applications in laboratory and chem- 
ical work. 


Acheson Graphite Company, Niagara 
Falls, N. Y.—A small folder de- 
scribes the Acheson welding elec- 
trodes for graphite arc electric weld- 
ing and cutting and gives sizes and 
prices. A page 18 devoted to Acheson 
See plates for use in backing up 
welds. 


Westinghouse Electric & Manufactur- 
ing Company. Pittsburgh, Pa.—A 24- 
page booklet entitled, “A Material of 
Endless Possibilities,” contains infor- 
mation about “Micarta” and the 
many uses to which it has been put 
and the possibilities of some other 
applications. 

Century Electric Company, St. Louis, 
Mo.—Form 366 is a small booklet 
describing the Century squirrel-cage- 
induction polyphase motors and some 
of their various applications. 


Burke Electric Company, Erie, Pa.— 
Bulletin 128 describes the types of 
polyphase induction motors, gives the 
details of construction and also illu- 
strates a number of their industrial 
applications. 


Ward Leonard Electric Company, 
Mount Vernon, N. Y.—Bulletin 57 
describes the Vitrohm speed regu- 
lator of the fully-enclosed type which 
is designed for use with all types of 
constant-torque, direct-current mo- 
tors up to 4 hp., 115 or 230 volts, 
and with variable-torque motors up 
to % hp. rating. 


The Robbins 


The Goodyear Tire 


The Fuerst-Friedman 


The Hartford Steam Boiler 
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Hauck Manufacturing Company, 114 


Tenth Street, Brooklyn, N. ¥.—Cata- 
log 100, “Hauck Oil Burning Appli- 
ances” shows a wide variety of ap- 
plications of this equipment in boiler 
shops, for brazing in coppersmith 
and pipe shops, in foundries, for fur- 
naces and forges, in machine and 
repair shops for straightening, heat- 
ing, brazing and pre-heating for 
welding, for removing disks, gears 
or pulleys from shafts by expanding 
hub, for thawing and for many other 
industrial applications in factories, 
foundries, railroad shops, machine 
and repair shops, shipyards and 
docks. Bulletin 112 gives special ap- 
plications of the Hauck burner for 
foundries, boiler, machine and repair 
shops. 


North Western Expanded Metal Com- 


pany, Old Colony Building, Chicago, 
III. -A 16-page booklet entitled 
“Practical Machine Guards“ shows 
how these may be constructed from 
“Econo” expanded metal by fasten- 
ing the corners and edges together 
with angle iron, flat strips, or U-edg- 
ing. The expanded metal comes in 
sheets and can be cut to fit the spe- 
cific requirements of the guard. 


and Myers Company, 
Springfield, Ohio—Bulletin 137 de- 
scribes the construction, operating 
characteristics, and gives general in- 
formation, including the ratings and 
dimension sheets for the R. ; 
types “R” and “RA” repulsion-induc- 
tion motors. These are specially 
suitable for driving devices such as 
pumps, compressors, shoe-repairing 
machines and all other apparatus re- 
quiring high starting torque wit 
low starting current. 


and Rubber Com- 
pany, Inc., Akron, Ohio.—A 64-page 
“Handbook of Conveyor and Elevator 
Belting” is a handbook well worth 
being in the hands of every indus- 
trial engineer having to do with con- 
veyor or elevator belts. Because of 
the variety of conditions and require- 
ments, these are handled separately. 
Such subjects as capacity, width, 
weight per foot of belt, tension in 
belt, power required, number of plies 
required, take-up and counter- 
weights, idlers, belt joints, service 
records, and how Goodyear rubber 
conveyor belts and elevator belts are 
made, in addition other interesting 
data are included. 


Company, 1251 
West Third Street, Cleveland, Ohio— 
No. 2 of a series of “Motor Instruc- 
tions and Trouble Locator” cards 
which may be hung up in the shop, is 
entitled “Proper Fusing” and gives a 
table showing the ampere rating and 
sizes of running and starting fuses 
for three-phase, alternating-current 
motors, 220, 440, 550, and 2,200 volts, 
from 14 to 500 hp. No. 1 of the 
series took up some of the important 
points to consider in the installation 
of motors. 


Inspection 
and Insurance Company, Hartford, 
Conn.—A folder entitled “Insurance 
of Electrical Machinery” describes 
the advantages of protection against 
loss arising from the breakdown of 
electrical machinery. This folder 
tells what the insurance is and what 
it will cover. 
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Type “SC” Induction 
POLYPHASE MOTOR 


bearings are made from the best grade 
of phosphor bronze bearing metal 
castings and lubricated by ring oilers 
from spacious oil wells through ma- 
chine cut figure 8 oil grooves, which 
insures an adequate supply of oil to 
the entire bearing surface. 


Temperature Rise Not More 
Than 40°C. 


Illustrating the One Fourth to 50 Horse Power 
5 Horse Power, 60 Cycle Motor 


They Keep-a-Running 
CENTURY ELECTRIC COMPANY 


General Offices—1827 Pine St. 
ST. LOUIS, MO., U. S. A. 


Sales Offices and Stocks in Principal Cities 
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Polyphase 
Induction 
Motors 


Type “ARY” Slip Ring Motor 


Constant and 


Variable Speed 


60 and 25 Cycle 


Type “AR” Squirrel Cage Motor 


Type “AR” and “ARY” Motors 


Designed with exceeding ruggedness, cast steel in Electrical Machinery 


PRODUCTS: 
place of cast iron being a prominent feature. Gas Engines 
1 ; See i 8 Engi 
Method of ventilation is very effective, resulting in Steam Turbines 
even cooling and avoiding of “hot spots.” Condensers 
R . ’ . . , Oil Engines 
Bearings are of liberal design with spacious oil- Hydraulic Turbines 
wells. Pumping Engines 
Centrifugal Pumps 
Insulation is of highest grade, stator being treated y 5 5 
with baked-on insulating varnish making the whole ns shing Machin aa = 
structure dust and moisture proof. Cement Machinery 
swe á 1 Flour Mill Machinery 
Motors are for floor or ceiling mounting, being pro- Saw Mill Machinery 
vided with very stiff and substantial rails. a Compresion | 
ir rake 
Conduit terminal boxes are regular equipment. Steam and Electric Hoists 
Farm Tractors 
Send for bulletin Power Transmission Machinery 
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Here’s What 
May Happen 
When You 
Get Careless 


In Inspections and Ad- 
justments of Control 
Devices and Ignore Pre- 
cautions Against Natural 
Wear and Tear 


HAVE just returned from a trip 

through some large industrial 
works where I always feel at home 
with the hum of machines all around 
and have a chance to chat with men 
who talk about their work with an 
intimate knowledge of it and the 
pride of doing something of interest 
to a visitor who used to be one of 
them. Of the things I saw and the 
‘things I was told there will be more 
later in articles soon to appear, for 
every man I visited had a method 
or a practical scheme that repre- 
sents hours of thought and has cured 
some particular trouble-making con- 
dition. 

But in one plant I saw this picture 
of an exploded armature that shows 
as nothing else can the thorns that 
prick the pride of the superintendent 
who works nights and days to pre- 
vent such troubles and is always 
urging his men to follow the pre- 
cautions of inspection and mainte- 
nance that will eliminate them. At 
first he did not want me to take the 
picture away, but I convinced him 
that it was no reflection on him that 
this one accident had occurred over 
a long period of time and that it 
would enable me to call the attention 
of others to the fruits of careless- 


ness. Then he told me what hap- 
pened and it was this: 

The armature shown in this picture 
was taken from the hoist motor of one 
of our cranes. The motor is controlled 
by dynamic braking when lowering the 
load. The collector rails supplying this 
motor are trolley wires instead of the 
more modern angle-iron or bar-type 
collector rails. At the time this arma- 
ture failed, the motor was lowering a 
very heavy load. Just when the hook 
speed became normal one of the trolley 
wires in the dynamic circuit broke and 
the armature ran away. The shoe brake 
should have prevented the runaway, but 
it was adjusted so loosely that it was 
ineffective. 

In this particular plant inspection 
requirements are rigidly outlined and 
every man knows that failure to 
follow them calls for immediate dis- 
missal. But in this case the inspec- 
tor became careless and took one of 
those chances that are never safe to 
men or machines. The blame was 
easily placed and the prevention so 
simple with thorough inspection and 
proper adjustments that the same 
accident will not happen again unless 
similar carelessness and indifference 
to inspection requirements creep in. 
And this is hardly probable for a 
long time, as the actual results of 
an accident like this leave an indel- 


ible impres- 
sion on a 
maintenance 
force and — — 
prove the 3 xy 

time worn 2 

saying about an ounce of prevention 
and the pound of cure. 

Let me say then to you men in 
charge of inspection Follow the in- 
structions of your boss and discuss 
them afterwards. Remember that he 
cannot do his job and yours, too, and 
that you owe it to yourself, your 
family and the company that pays 
your salary to be as careful, thor- 
ough and persistent in preventing 
troubles as you are in correcting 
them. Some day when you are the 
boss you will expect this of your men 
and the best way that I know to 
prove that you have the ability for 
a better job is to help your present 
boss to prevent accidents, avoid 
breakdowns and make improvements 
which will save the trouble and 
money that he knows and you know 
will result. 
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The Goodyear Tire and-Rubber Company 


Where 32,000 rubber tires, 37,000 tubes 
ing, hose, packing and many 


AST YEAR at the Akron, Ohio, 
plant of the Goodyear Tire and 
Rubber Company 12,000,000 kilo- 
watt-hours of electrical energy were 
generated and used in the manufac- 
ture of numerous rubber products. 
In addition, the Los Angeles, Calif., 
plant used about 10,000 horsepower 
and the Canadian plant 5,000 horse- 
power daily. The milling of the rub- 
ber in the processing of the crude 
material to the compounded form 
which is used in manufacturing re- 
quires the largest amount of power 
of any other operation in this in- 
dustry. - 

The manufacturing plants of 
the Goodyear Tire and Rubber Com- 
pany have a total floor space of 
7,250,000 sq. ft., or 166 acres. If 
this were laid out on one floor it 
would be over one-fourth of a mile 
square. This company started pro- 
duction in 1898 and by the year 1902 
had reached an output of 5,000 tires 
per year. Last year, it produced 


9,250,000 tires and up to date, has 
produced over 60,000,000 tires. In 
addition, in 1923 the Goodyear Tire 
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and 300,000 pairs of rubber heels, in addition to large quantities of rubber belt- 
other rubber products, are produced daily in their extensive plants. 


1 


Before use the fabric must be per- 
fectly dry. 

As the fabric passes over the heated 
rolls it is theroughly dried. The rub- 
ber industry uses altogether about 
450.000 bales of cotton each year, of 
which the Goodyear Company alone 
uses about 75,000 bales. 


and Rubber Company placed on the 
market 81,000,000 pairs of rubber 
heels, which is more than enough to 
equip the shoes of each adult in this 
country with a pair of heels. 
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Also, 


it produced 8,000,000 ft. of belting, 
25,000,000 ft. of hose and over 
2,500,000 lb. of packing and similar 
products, not including molded goods. 
This list, however, does not include 
all the rubber products produced. 
The rubber industry and its 
growth is closely related to the rapid 
growth of the automobile industry. 
The increased demand for automo- 
bile tires has been one of the larg- 
est factors in the growth of this in- 
dustry. Crude rubber is practically 
all imported from South America, 
Ceylon, Borneo and the Malay Pen- 
insula. It is made from a milk or 
gum obtained from a tree. In 1923, 
about 305,000 tons of crude rubber, 
or 80 per cent of the entire world’s 


consumption were used in the United 


Plant No. 1 at Akron, Ohio, and the 
. Cotton Mills at Goodyear, 
onn. 


The Goodyear Tire and Rubber Com- 
pany, not only has its own factories 
but also has its own cotton mills in 
Connecticut and cotton plantations in 
Arizona. The payroll of this company 
was over $30,000,000 in 1923. The 
total output in 1923 of all the Goodyear 
plants was 237,000,000 lb. of rubber 
products. 
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States. Of this, Goodyear consumed 
about 50,000 tons. In addition to 
the rubber large quantities of cotton 
are also used to form a base on 
which to deposit the rubber, as in 
tires, hose and belting. The total 
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consumption of cotton by the rubber 
industries in 1923 was 450,000 bales 
of which Goodyear used 75,000 bales. 

During the past ten years, this 
industry has grown to be one of the 
largest in (Continued on page 210) 


Three operations in the manufac- 
ture of rubber products. 


In the milling of rubber (upper left 
illustration) a large amount of power 
is consumed as the rubber is worked 
under powerful rolls under high preš- 
sure. Notice the safety stop or trip by 
which the operator can, by grasping it 
with either hand, stop the machine in- 
stantly. In the manufacture of rub- 
ber tires (above) much of the work 
is done by machines. This has resulted 
not only in increased production per 
man, but in better tires. The illustra- 
tion at the left shows one of the large 
presses used in the manufacture of 
rubber belting. Last year, 8,000,000 ft. 
of belting were made by this company. 


The two main factories of the 
Goodyear Tire and Rubber Com- 
pany at Akron, Ohio. 


Factory No. 2, in the foreground, and 
No. 1 in the distance (also shown on 
the opposite page), are the two main 
factories of the Goodyear Tire and 
Rubber Company. In addition, other 
large factories are located in Los An- 
geles, Calif., and at Bowmanville, Ont. 
In the two plants shown below the ma- 
chines and equipment are driven by 
2,600 electric motors with a total rat- 
ing of 74,157 hp., and ranging from 
%- to 750-hp. rating each. 
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Practical 
Operating Details of 
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Roller Bearing Service 


In Mill-Type Motors 


Together with Improvements in Operation and 
The Results of Experience Obtained Under Severe 
Service Conditions in Steel Mills 


By L. J. HESS 


Chief Electrician, Youngstown Sheet & 
Tube Company, Youngstown, Ohio. 


HE POSSIBILITY of adapt- 

l ing some form of anti-fric- 
tion bearing to mill motors 

kas long been apparent to steel mill 
engineers, but they have been slow 
to experiment with or adopt either 
ball or roller bearings. Heavy load 
shocks from reversal and plugging, 
added to the ever-present distrust of 
innovations, has retarded experi- 
ment along this line and has caused 
the use of such bearings to progress 
very slowly. In this article I shall 


not attempt to discuss ball bearings 
beyond pointing out that they have 
been successfully applied to various 
types of motors, among which the 
mine locomotive probably has the 
heaviest duty, nor treat the subject 
in a general way, but will tell of my 
experience with a particular type of 
roller bearing. which has given very 
satisfactory service on slow-speed, 
heavy-duty, mill motors. 

In the application of roller bear- 
ings to motors already. in service the 


first problem to be solved is one of 


design. In the case of the mill-type 
motor the bearings must be so con- 
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The armature shaft of this motor 
runs on roller bearings. 


The motor drives one of the runout 
tables of a skelp mill. As will be 
noticed the table rollers are driven 
through bevel gears from a lineshatft, 
the lineshaft in turn being driven by 
the motor shaft through one gear re- 
duction. This application is subjected 
to rapid reversal or plugging, and to 
the customary dirt and heat of the 
steel mill. The motor shown is a 
Crocker-Wheeler size FW, and the 
bearings on it are similar to those 
shown in the following illustrations. 


structed that they will fit in the 
present frame, inasmuch as a 
change of frame is obviously not 
possible. This is a real problem for 
the designer. He must carefully 
consider the space available, the 
load to be carried, the effect of pin- 
ions and brake wheels, and keep 
constantly in mind the fact that he 
must use manufacturers’ standard 
parts. He must decide which type 
of bearing is to be used: the spring- 
roller type in which the roller is in 
reality a very heavy spiral spring 
accurately ground to size on the out- 
side; the taper solid type in which 
two sets of solid taper rollers in 
taper races oppose each other; or 


the cylindrical solid-roller type in 


which the rollers are confined in cyl- 
indrical races. The design of the 
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shaft also enters into the problem as 
it will be readily seen that any bear- 
ings of the roller type must be a 
snug, although not tight, fit on the 
shaft, for the hardened inner race 
must slip easily onto the shaft. 
There must, however, be no play or 
the race will soon wear its way into 
the shaft. Again, it is necessary 
that the journal be accurately ma- 
chined and it is not possible to fit 
roller bearings on old shafts nor on 
new ones from the factory because 
grinding to size is essential. Heat 
treatment of shafts is also desirable 
in order that the surface may be 
harder and toughér so as to with- 
stand the action of the race. Using 
a steel with 0.50 per cent of carbon, 
. quenched in oil at a temperature of 
1,500 deg. F. and drawn back to 850 
deg. F., a shaft is obtained which is 
tough and moderately hard, with the 
added benefit derived from refine- 
ment of grain and improvement of 
the breaking strength. In case the 
motor manufacturer’s standard 
shaft has the same size journal as 
pinion fit, it is necessary to increase 
this journal size 0.010 in. in order 
that the race may clear any slight 
burrs caused by pulling off pinions 
or brake wheels. This causes no in- 
convenience, for as was mentioned 
before, a new shaft is necessary any- 
way. In this particular design of 
bearing the question of the fit on 
the outside of the bearing is not so 
important, as it is securely clamped 
between the two halves of the shell. 
The inner fit has to be exactly right. 
I may say that so far as hardening 
of the shaft is concerned, we do not 
confine this to roller bearings alone. 
All of our shafts are hardened in 
the manner mentioned above. We 
find it is beneficial to put in a hard- 
ened shaft whether babbitt or roller 
bearings are used. 

Our first installation of roller 
bearings was made on a Westing- 
house series crane motor used for 
hoist service. These bearings were 
obviously an effort to adapt an au- 
tomobile-type bearing to motor serv- 
ice. This attempt was unsuccessful, 
however, probably due to the lack of 
study of the problem involved and to 
the fact that the manufacturer who 
furnished them was at that time re- 


This is a closeup view of the other 
end of the motor shown in the il- 
lustration at the beginning of this 
article. i 


A grease cup is used -to supply grease 
to the bearing, because the best of 
grease evaporates to some extent and 
the addition of a certain amount of 
fresh grease is of value. 
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THIS IS THE SECOND of a 
series of articles on bearings 
of the sleeve, roller and ball 
designs, that will give the ad- 
vantages of each compared 
with the others from the 
viewpoint of meeting the 
wide range of service condi- 
tions encountered in indus- 
trial work. This article on 
roller bearings was expanded 
and amplified by the author 
from a paper which he read 
before the Association of 
Iron and Steel Electrical En- 
gineers. INDUSTRIAL ENGINEER 
invites users and manufac- 
turers to contribute their 
comments on the informa- 
tion presented in this article 
and in the other articles of 
this series. Comments relat- 
ing to the improvement in 
bearing operation that ac- 
tual service has shown, are 
especially invited.—Ebrrons. 


designing his bearings. This try-out 
occurred about six years ago and as 
it was unsuccessful was followed b 
a period of inaction. | 
This failure convinced me that a 
great deal of experimental work was 
necessary in order to develop satis- 
factory roller bearings for mill mo- 
tors. During the full swing of the 
wartime rush few manufacturers of 
roller bearings were in a frame of 
mind to give time or thought to the 
matter. One, however, realized the 
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possibilities and took the time to do 
some pioneer work. His bearing 
was of the cylindrical, solid-roller 
type and seemed well fitted for use 
on small motors. His engineers un- 
dertook to make the necessary de- 
signs and build the bearings. These 
solid-type roller bearings were ap- 
plied to a Crocker-Wheeler size EW 
series motor driving, in tandem with 
a similar motor, the bridge of a 
100-ton hot metal crane in a mixer 
building. This installation was a 
marked success. Previously on this 
drive a four-months run on babbitt 
bearings was considered good, while 
frequent armature changes, broken 
bands and flat spots were the rule. 
At the time the roller bearings were 
applied the commutator of the arma- 
ture was badly worn and had an es- 
timated life of three months with 
babbitt bearings. The winding was 
in such condition that the installa- 
tion of a new commutator meant re- 
winding. After the roller bearings 
were installed the armature was put 
in service in April, 1918, and it ran 
for about nine months, or three 
times its estimated life on babbitt 
bearings, before the commutator 
started to throw bars. The arma- 
ture was then rewound, a new com- 
mutator installed and except for 
possibly three months during which 
time minor electrical repairs have 
been made, this armature has been 
in continuous service. No trouble 
with the bearings has developed nor 
has any grease or oil leaked onto 
the commutator or windings. A re- 
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cent inspection of these bearings 
shows that they have worn about 
0.004 in., which is the ordinary tol- 
erance for a new babbitt bearing. 

The next development came in 
bearings suitable for Westinghouse 
type K motors, which the manufac- 
turer equips with a bronze, sleeve- 
type bearing. A difficult problem 
confronted the designer in this case 
for obviously a roller bearing will 
not go in the space provided for a 
thin bronze-sleeve bearing. But by 
making a new head, which in the 
case of the type K motors is a com- 
paratively small casting, it was pos- 
sible to design a satisfactory bear- 
ing. These bearings were installed 
and have given such good service 
that, while they have not been in use 
as long as the others, we have every 
reason to believe they are just as 
good. 

We had some difficulty in getting 
the first set of bearings which were 
sent to us into the frame, as the oil 
well core had slipped a little. The 
bearings were designed so closely 
that they would not go in. It was 
necessary for us to do some chip- 
ping but it did not take long to cor- 
rect that error. The Westinghouse 
type K motor is clearly an example 
of what can be done to improve a 
decidedly difficult problem in motor 
lubrication. 

The success of these second and 
third applications encouraged the 
trial of other sizes and at present 
roller bearings have been developed 
for Crocker-Wheeler type SM, sizes 
CW, DW, EW, FW, and Westing- 
house type K, No. 3, 4, 6 and 8 frame 
motors. These bearings we carry in 
stock and as fast as repairs to arma- 
tures necessitate new shafts and the 
repair record of the motor indicates 
the necessity of roller bearings, they 
are put on. There is one slight dis- 
advantage connected with the use 
of these roller bearings, in that they 
cannot be so readily changed as the 
ordinary split sleeve bearing. We 
do not attempt to change them out 
in the mill; all bearings are changed 
and put on the armature in the shop, 
as we found by long experience that 
the other method does not pay. Like- 
wise, when a pinion change is re- 
quired, a complete armature with 
new pinion is changed instead. Pin- 
ions are changed only in the shop 
where proper facilities for making 
such changes are provided. 

In Fig. 1, illustration 1, is shown 
a section of two of these bearings 
applied to an EW motor armature. 
The frame of the motor has not been 
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altered in any way. The shaft is 
4 in. in diameter for the pinion fit 
and 4.010 in. where the bearing fits, 
and is ground to size. The two mal- 
leable iron halves are held together 
by cap screws and clamp the outer 
race tightly, which serves to keep 
the alignment. The space between 
the outer and inner races is com- 
pletely filled with the rollers, no 
spacing cage being used. The thrust 
collar bears against the outer race, 
which is slightly wider than the in- 
ner one, thereby freeing the inner 
race of any tendency to transmit 
the thrust through the rollers. Re- 


ferring to Fig. 1, illustration 1, the 


Fig. 1—Roller bearing applied to a 
Crocker-Wheeler type SM, size EW 
motor. 


In the cross section of the bearing 
shown in illustration (1) the items are 
lettered to correspond with the parts 
shown in illustration (2). A is the 
frame of the motor; B is the shaft; C 
and D are held together by the cap 
screws E and clamp the outer race F; 
G are the rollers; A is the thrust col- 
lar which bears against the outer race. 
The thrust is transmitted from the 
shaft through the sleeve K, to collar J, 
through roller thrust J, to collar H, and 
thence to the outer shell. In illustra- 


tion (3) the bearings are shown as- 
sembled on the armature shaft as it 
would leave the repair shop. 
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- thrust is transmitted from the shaft 


through sleeve K to collar J, 
through roller thrust J to collar H, 
and thence to the outer shell. The 
inner race is prevented from turn- 
ing on the shaft by the feather key 
N, and is a snug slip fit on the shaft, 
allowing it to move laterally so the 
thrust bearing can operate, by tak- 
ing the thrust around the outside of 
the rollers. Recent experiments 
lead us to believe that thrust bear- 
ings will not be necessary in any 
size motor unless some abnormal 
condition is encountered. The thrust 
bearing locks the armature in one 
position so that it is not free to os- 
cillate and find its magnetic center. 
It is better to provide for a floating 
action of the armature by having 
the outer race made slightly wider 
than the inner race. Felt rings pre- 
vent the grease from leaving the 
bearing and any grease which 
reaches the trap is sent back 
through a drain channel to the bear- 
ing. The bearing is filled with 
grease through a pipe to which a 
grease cup is attached. At the com- 
mutator end it will be noticed that 
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the inner felt rings do not bear on 
the shaft but instead bear on an ex- 
tension of the armature quill, which 
is not shown. These bearings are 
duplicates and can be assembled end 
for end. In Fig. 1, illustration 2, 
are shown the parts of the bearing 
lettered to correspond to the cross 
section of illustration 1. In Fig. 1, 
illustration 3, is shown an EW ar- 
mature assembled complete with 
bearings ready to go on the mill 
spare rack. 

In Fig. 2 is shown a section of 
a type K, No. 8 frame Westinghouse 
motor armature. The shell, A, in- 
stead of being a bearing shell is the 
head of the motor and is held to the 
motor by cap screws exactly as the 
head which is furnished by the 


Fig. 2—This is the assembly of a 
roller bearing for the No. 8 type 
K Westinghouse motor. 


In illustration (1) the sections of the 
bearing are lettered to correspond with 
the parts shown in illustration (2). A 
is the head of the motor; B is the 
shaft; C is clamped to A by the cap 
screw E and thus clamps the outer race 
F; G are the rollers; H is the thrust 
collar which bears against the outer 
race. The thrust is transmitted from 
the shaft through the sleeve K, to col- 
lar J, through roller thrust J, to collar 
H, and thence to outer shell. In illus- 
tration (3) the bearings are shown 
assembled on the armature shaft. 
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THREE HUNDRED sets of roller 
bearings are now in operation and 
practically no failures have resulted. 
From my experience with these roller 
bearings, I have found that their use 
offers the following advantages: 


l. Electrical repairs to commutators 
and windings are greatly reduced be- 
cause fully 50 per cent of these 
troubles start from oil and grease 
working their way onto the commu- 
tator and front V ring. With roller 
bearings the grease is entirely con- 
fined within the bearing shell. 


2. Commutator wear is materially 
reduced because there is no jumping 
of the armature due to loose bearings, 
with its tendency to cause flashing and 
consequent flat spots. The shafts also 
are longer lived because the only 
wear on them is in the keyways. 

3. The fact that the armature is held 
constantly in the center of the mag- 
netic field helps to make the current 


Eight Advantages of Roller Bearings 
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distribution uniform, thereby reliev- 
ing the equalizer connections of ab- 
normal duty. 

4. Broken bands 
are unknown. 

5. Pinions are kept accurately in 
mesh and crowding of the teeth with 
consequent strain and vibration is 
eliminated. 


due to rubbing 


6. Expense of inspection is some- 
what reduced due to better commu- 
tation and less attention required for 
lubrication. 


7. The cost of lubricants is reduced 
to an almost negligible figure as the 
bearings consume practically no 
grease. 


8. Because of the reduction in re- 
pairs it follows that not only is la- 
bor and loss of time in the mills dur- 
ing armature changes reduced, but 
also the delay time charged against 
the electricians. a 


oS D 


manufacturer. The other parts of 
the bearing are lettered the same as 
in Fig. 1 and can be readily identi- 
fied. This bearing is also furnished 
with a padded housing to carry a 
brake. Except for .this feature 


these bearings are interchangeable 
| end for end. 


In Fig. 2, illustration 


2, are shown the parts of the bear- 
ing lettered to correspond with the 
cross section in illustration 1. In 
illustration 3 is shown the No. 8 
type K armature assembled com- 
plete with the bearings. In another 
illustration are shown the parts of 


the bearing for the No. 3 type K 


armature. This bearing has no 
thrust collar or bearing, inasmuch 
as the rollers and races are them- 
selves ample to take care of the 
thrust on the small size motor in 
which they are used. 

The lubrication of the bearings is 
a very simple matter as practically 
no grease escapes. Once a week the 
grease cup is given one turn. The 
grease used is No. 3 Keystone or its 
equivalent. It is important to see 
that a good quality of grease is used 
for lubrication. A semi-fluid grease 
has been found best. Some trouble 
has been experienced in that subse- 
quent shipments of grease of sup- 
posedly the same quality have not 
had the same characteristics. This 
trouble has been overcome by hav- 
ing roller bearing grease tested be- 
fore use. Any grease showing the 
presence of fibrous material, filler or 
talc is promptly rejected as it will 
ruin the bearings. A temperature 
test is applied to see whether the 
grease maintains the same consist- 
ency throughout the temperature 
range that a roller bearing is nor- 
mally expected to work at. One time 
a set of bearings failed because one 
of the men filled the bearing with 
cheap grease which had in it a large 
percentage of filler of a non-lubri- 
cating nature. The bearing soon 
started to heat and the thrust was 
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These are the parts of a roller 
bearing for a No. 3 type K West- 
inghouse motor. 


This bearing has no thrust bearing or 
collar, inasmuch as the rollers and 
races are themselves able to take care 
of the thrust on the small size motor 
in which they are used. 


ruined, although the main bearing 
was not damaged. These bearings 
consume very little grease and I was 
once asked why I put on grease cups. 
The chief reason is that if bearings 
which are not fitted with grease 
cups should start to heat there 
would be no way of putting grease 
in them. We often find that the best 
of grease evaporates to some extent 
and that the addition of a certain 
amount of fresh grease is of consid- 
erable value. 
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Three hundred sets of roller bear- 
ings are now in operation and prac- 
tically no failures have resulted. 
From my experience with these 
bearings I have found that their use 
results in reduced electrical repair, 
diminished commutator wear, re- 
duction of band breakage, less pin- 


ion maintenance, reduced expense 
for inspection and lubrication, and 
less delay time charged against the 
electricians. These statements are 
amplified and explained in the box 
tabulation shown on page 167. 

In my opinion the extra expense 
of anti-friction bearings is more 
than justified in the savings effected 
in repairs. As an example, the first 
installation which I described ran 
three times as long as we had any 
reason to estimate it would. This in 
itself probably paid for that set of 
roller bearings and the set is still 
in service and is going to run a long 
time unless poor grease or an acci- 
dent puts it out of commission. Be- 
fore roller bearings were installed 
in the motors in the plant with 
which I am connected, there were an 
average of 165 to 175 armatures at 
a time in the shop undergoing re- 
pairs. Since roller bearings have 
been installed the highest number of 
armatures in the shop at any one 
time was 125 and the average num- 
ber is 100. I do not know of any 
condition that could cause this re- 
duction of armature failures, other 
than the application of roller bear- 
ings.: F am convinced, therefore, that 
the mill-type motor with babbitt 
bearings will be supplanted soon by 
the roller-bearing motor. It has 
been proven to my entire satisfac- 
tion that by careful designing, 
roller bearings can be applied to 
practically any motor at a saving 
that will soon repay the extra ini- 
tial cost. When this is fully appre- 
ciated by mill engineers, as it is 
now by some, roller bearings will be 
written into motor specifications. 


The motor shown in this applica- 
tion has roller bearings on its ar- 
mature shaft. 


In the illustration at the top are shown 
the service conditions under which the 
motor operates. The drive is located in 
a pit at one end of the soaking pits of 
a blooming mill. The motor drives a 
sheave wheel through two gear reduc- 
tions. The sheave wheel pulls a cable 
which draws an ingot buggy carrying 
the ingots from the soaking pits to the 
mill approach table. The drive is sub- 
jected to plugging and sometimes to 
“inching” the buggy a short distance. 
In the bottom illustration the closeup 
view shows the dirt, grease and oil 
which surround the drive. 


April, 1924 


hy 4 > iy a 
> i >. 
/ 3 


INDUSTRIAL ENGINEER 


4 


y ` 
— j -a 
4 7 2 


PROPER LOCATION and systematic number- 
ing of the bins in the storehouse will save 
many steps and much time in locating mate- 


rial. 


Naturally the section located nearest the 


disbursing counter should be given over to the 


most frequently used materials. 


Infrequently 


used items are farthest away and their location 
ean be quickly determined by looking up the 
bin number in the material index. 


Step by Step 
Details for 


Obtaining Equipment and 


Supplies for Maintenance 


Of an Industrial Works, together with Methods of 
Storing and Accounting for the Material from the 
Time It Is Received Until It Is Used 


By J. ELMER HOUSLEY 


Electrical Engineer, Aluminum Company 
of America, Alcoa, Tenn. 


HE FUNCTION of the store- 
keeping department of an 
industrial plant may be com- 
pared to the service performed by a 
single large department store sup- 
plying a city. The size of the de- 
partment store and the kind of com- 
modities handled are determined by 
the requirements of the customers. 
Considering the single unit of elec- 
trical stores, the requirements of 
such a department are analyzed by 
the same methods that the merchant 
would use. Success is measured by 
the quality of service given. Real 
service means that there must be 
maintained at all times an adequate 


supply of materials for construction 
and maintenance work in the plant. 
The rate of turnover must be 
watched on all items in regular use 
and the wants for special jobs and 
seasons must be anticipated. Under 


. centralized control of the purchas- 


THIS ARTICLE TELLS how the 
industrial plant organization de- 
termines what material it will need 
in the future, what is done to ob- 
tain it, how the required material 
is gathered from a great variety 
of sources, how it is stored until 


a breakdown requires a particular 
repair part or the material is 
needed in the construction of a 
certain job and how the given 
material is kept track of, from the 
time the need for it is foreseen 
until it is actually used on the job. 
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ing agent materials are collected 
from jobbers, manufacturers, sales 
agents and other dealers, checked, 
and put in stock until ready to be 
utilized on the job. 

The centralized control of ma- 
terial in a general storehouse is a 
great advantage over the method of 
having each plant department store 
the materials required by that de- 
partment. Loss of material is min- 
imized, duplication of stocks is elim- 
inated and overhead is cut down. 
Access to the material is not obtain- 
able except by those regularly em- 
ployed in the storeroom. 


STOREHOUSE EQUIPMENT SHOULD BE 
ARRANGED CONVENIENTLY 


The physical equipment of the 
storehouse of the plant in question 
consists of sectional type of metal 
framework arranged to form bins. 
The size of the bins is adjustable 
and may be changed as the stocks of 
given items carried, may change. 
These bins are arranged in stacks 
placed back to back with an aisle in 
front of each stack. At a convenient 
counter height is an extension shelf. 
This gives more space in the bins 
below the shelf and also provides a 
convenient place for material when 
checking, or the shelf may be used 
as a step in reaching the higher 
bins. The construction of the equip- 
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Telephones the 
requisition to 
Store hnise 


requisition 
t 


o 
store house 


STORE HOUSE 


Material is issued on 
the authority of requisition 


ment is such that a shelf may be 
changed to a bin simply by adding 
a bin-front attachment, or the 
shelves may be split up into any de- 
sired arrangement by crosswise or 
lengthwise dividers. Drawers of 
various sizes are provided to fit on 
part of the shelves. On each bin 
shelf or drawer is a cardholder 
which carries the bin number and a 
description of the material located 
in that compartment. 

Near the rear of the storeroom, 
shelves are provided for the material 
that is too large to be conveniently 
stored in bins. The two sections 
nearest the counter or window 
through which material is delivered 
are given over to the most commonly 
used items such as bolts, nuts, and 
screws. Then comes the fuse link 
and fuse stock section. The next 
section provides for conduit fittings, 
wiring and insulating materials. 
The fifth section provides for com- 
pensator fingers and contacts, repair 
parts for control equipment of elec- 
tric trucks, locomotives, elevators, 
and other small drives. The next 
section is utilized for line hardware, 
insulators, and also potheads and 
other lead cable fittings. Shelves to 
one side and to the rear of the bin 
section are used for safety switches, 
meters, current transformers, light- 
ing fixtures and reflectors. A reel 
of No. 14 wire is kept in this sec- 
tion. All other wire and cable, in- 
cluding a large stock of round and 
rectangular magnet wire for re- 
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JOB 


Requisition is originated 
by plant engineer, 
superintendent or foreman 
in direct charge of job. 


Unused materia! 


returned to 
store house 
for credit 


moterial 
to job 


This diagram shows how the de- 
sired material gets from the store- 
house to the job and how the 
proper department is charged for 
the material. 


winding motors, is kept on the third 
floor of the storehouse. On the 
fourth floor, space is provided for 
compensators, motors and small 
transformers. The large trans- 
formers are kept outside in a crane 
yard as they are built for outdoor 
service and are not affected by 
weather. It is very essential to 
store motors and compensators in a 
heated building during the winter 
in order to prevent them from 
sweating, for moisture in the air 
condenses on the metal parts and de- 
teriorates the insulating materials 
and rusts the iron parts. Small and 
valuable items such as flashlights 
and flashlight parts are kept under 
lock in the storekeeper’s office. Ma- 
terial that is likely to be stolen, such 
as lamps, is kept in a “lock up” sec- 
tion of the main storeroom. All 
lamps are marked with the company 
name by means of an etching fluid. 

Arrangements are made for con- 
venient handling of the material 
both into and out of the storehouse 
and to the place where it will be 
used. Motors and compensators are 
handled by hand trucks and by plat- 
form lift trucks or handled on roll- 
ers using the skids attached to the 
motors for shipment. Incoming ma- 
terial may be handled directly from 
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ACCOUNTING DEPT. 


Requisitioned material is 
charged against the proper 
accounts, also credit is 
given for returned moterial. 


RECORD DEPT. 


Requisition is priced and 
entries are made on cards 
forming perpetual 
inventory. 


a railroad car at the storeroom dock 
or from a motor truck or industrial 
electric truck along the same dock. 
A monorail carriage with a 1-ton 
chain block is provided for unload- 
ing purposes. Motors weighing over 
2,000 pounds are stored in a wing 
extending from the main floor of the 
storehouse, which also houses rough 
stores such as small castings, shaft- 
ing, sheets, conduit and pumps. 

The delivery of material from the 
storeroom to the jobs scattered over 
the large area of the plant is handled 
by electric industrial trucks. 


PROCEDURE FOR OBTAINING MATERIAL 
FROM STOREHOUSE 


Withdrawal of electrical material 
can be made only by those in author- 
ity in the Electrical Department, or 
at night by the night master me- 
chanic. Several sample signatures 
are furnished the storekeeper from 
each authorized person. Usually 
these will be the electrical engineer, 
chief electrician, office assistant, 
shop foreman and construction fore- 
man. A _ storeroom requisition, or 
store ticket, signed by one of these 
men is taken for every lot of ma- 
terial issued from the storeroom. 
The storeroom requisition blank 
shown in one of the illustrations 
provides space for the job number. 
Whether the job is regular repair 
and maintenance, special repair and 
maintenance, or construction, is in- 
dicated by the series of numbers 
used. Space is provided for the 
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quantity and description of the ma- 
terial. The price extensions are 
made by the record clerks in the 
Record Department. 

The procedure in putting through 
a storeroom requisition, except for 
very small items passed over the 
counter on presentation of a requisi- 
tion, is as follows: The foreman 
telephones to the order clerk in the 
storehouse, giving his name, job 
number, the building station num- 
ber where the material is to be de- 
livered, and the quantities and items 
desired. The storehouse clerk takes 
the requisition, assembles the items 
and places the requisition in a 
binder which has the building num- 
ber stamped on the outside. The 
truck driver gathers the material in- 
tended for the buildings on his as- 
signed route, loads up his truck and 
takes the material to the point desig- 
nated as the station shown on the 
requisition. The mechanic on the 
job signs for the material. Hence 
it is seldom necessary for a me- 
chanic or helper to leave the job to 
secure material. 

The record of storehouse transac- 
tions is handled by a sort of clearing 
house called the Record Department. 
A card index system covering every 
item in stores is arranged to form a 
perpetual inventory. Receipts and 
withdrawals of material are entered 
on the cards and each card is bal- 
anced to show the amount of that 
item remaining in the bin. Each 
card is marked with the bin number 
housing that item. The bin and 
shelf divisions are lettered alpha- 


This form is used for returning 
material to the Storehouse. 


This is known as the returned material 
report or credit memorandum. By the 
use of this form the Storehouse ac- 
knowledges the return of the material 
and the Accounting Department cred- 
its the job or department from which 
the material was returned. 


DESCRIPTION 


Material is obtained from the 
Storehouse on this requisition. 


This is known as the storeroom requi- 
sition or store ticket and is the au- 
thority for the Storehouse to dis- 
burse the required material. This form 
also shows the Accounting Department 
what job or department is to be 
charged for the material requisitioned. 


betically, a letter to each side of a 


double stack of bins, and the bins 
are numbered from one up on each 
side of the stack. If a material item 
card states that the material is lo- 
cated in bin H2, it is a simple mat- 
ter to walk to the rear side of the 
fourth section and reach the item on 
the top row of bins, the second bin 
from one end of the stack. The in- 
voice is used for entering the items 
on the record cards together with 
the cost of that lot of material. The 
date of entry is noted on the card. 
The withdrawals are entered from 
storeroom requisition blanks with 
the date of requisition noted. The 
additions and subtractions are bal- 
anced at all times and the quantities 
of any given item may be known at 
once by referring to the material 
card. A valuable function of this 
card is to furnish information as 
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to the rate of consumption of ma- 
terial over any given period. This 
will be considered later. 

Since the cost of different ship- 
ments of the same item may vary, 
the average cost is used in pricing 
the storeroom requisitions. After 
the quantities are entered on the 
record card the storeroom requisi- 
tion is sent to the Accounting De- 
partment, where the items and 
costs are entered in the accounts 
against each job number. In this 
way accurate costs are obtained for 
any construction, repair or opera- 
tion job. Material which is left 
over on a job, if in good shape, is 
returned to the storeroom with the 
“Returned Material Report” blank 
shown in an accompanying illustra- 
tion. This form gives the shop 
order number or the department 
to be credited, together with quan- 
tities and description of items. 


WHEN AND HOW THE PURCHASE OF 
SUPPLIES IS AUTHORIZED 


One of the most interesting and 
difficult phases of maintaining elec- 
trical stores is the determination 
of stock requirements. The store- 
keeper is required to maintain a 
stock of the staple articles which 
are in every day use and consumed 
at a -definite rate. The “ordering 
point” or the minimum stock on 
hand when more material should 
be reordered, is determined by the 
storekeeper, the electrical engineer 
and the chief electrician. The fac- 
tors considered are the nature of 
the material, the quantity normally 
consumed in ninety days, the pre- 
vailing delivery schedules and 
whether the market is advancing or 
declining. The quantity to be ordered 
is usually the consumption for the 
previous ninety days. 

The repair parts, whether special 
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or regularly used, are specified on a 
purchase requisition by the chief 
electrician who is in close touch with 


the repairs under way. The quanti- 


ties used during a given period are 
subject to erratic variations. These 
are influenced by conditions in the 
operating department, the labor 
turnover (indicating the number of 
green operators), and the skill and 
morale of the repair organization. 
With such items as compensators 
and switches, if a sufficient number 
of spares are on hand it is well to 
let the damaged equipment accumu- 
late in the shop for one or two 
months and then order about double 
the quantity of material necessary 
to repair the equipment on hand. 
Parts such as fingers and contacts 
for compensators and controllers are 
usually ordered in lots of 100, 50 
and 25 pieces as determined by the 
amount of such apparatus in service 
and our experience as to the life. 
The small fingers and contacts usu- 
ally last from one to one and one- 
half years and in the larger control 
equipment from two to three years. 
In ordering magnet wire, close check 
is made of the number of times we 
have re-wound motors using a 
common size of magnet wire. If 
this is not done a surplus stock 
of rectangular wire is likely to ac- 
cumulate and remain in stores for 
a long period of time as an idle, in- 
terest-eating investment. For mo- 
tors having sizes of wire seldom 
used we delay buying wire until the 
motor comes in for repairs and the 
minimum amount of wire possible 
is bought. For special apparatus of 
vital importance one set of neces- 
sary parts is kept on hand and re- 
placements are ordered as these 
parts are used. This applies to parts 
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This picture shows how conveni- 
ently steel shelving or bins can be 
subdivided to suit the material in 
them. 


As the stock varies the size of the 
bins may be expanded or contracted to 
suit the requirements. Some of the 
0 ta pictured are carrying loads of 


for elevators, automatic telephones, 
cranes, automatic control, fire 
alarms and similar equipment. 

The electrical engineer originates 
purchase requisitions for electrical 
material intended for new work. In 
case the job will amount to more 
than $500, a special authorization is 
prepared with estimates of cost and 
necessary data as to why the job is 
required or what savings will be ob- 
tained by its installation. After it 
has been approved by the higher 
executive officials of both the local 
and the parent companies, the re- 
quired material is requisitioned. 

All purchase requisitions from the 
storekeeper for electrical material 
and from the chief electrician pass 
through the hands of the electrical 
engineer for approval as to the 
quantities and specifications, so as 
to prevent duplication of orders and 
the purchase of obsolete or unsuit- 
able material. The requisitions then 
pass through the hands of the works 
manager or general superintendent 
of the local plant for approval and 
are finally approved by the general 
manager or operating vice-president 
of the company. 

The Purchasing Department re- 
ceives the approved requisition and 
issues an order to a manufacturer 
or jobber covering the purchase of 
the material. Copies of this order 
are sent to the electrical engineer, 
the Storehouse and the Accounting 
Department. The manufacturer 


ment. 
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ships the material to the plant and 
sends the invoice covering the 
goods. The Accounting Department 
gets the invoice and the Storehouse 
receives the material. The Store- 
house makes a memorandum, called 
the receiving slip or the receipt en- 
try, of the goods received. Copies of 
this are sent to the electrical engi- 
neer, the Record Department and 
the Accounting Department. The 
Accounting Department checks the 
receiving slip against the order and 
the invoice and if everything is cor- 
rect, it passes the invoice for pay- 
The Record Department re- 
ceives a copy of the invoice so that 


it may make the entries on the rec- 
ord cards covering the items of ma- 


terial, and determine the average 
price at which the material is to be 
charged out. 

A copy of all Purchasing Depart- 
ment orders for electrical materials 
is furnished to the electrical engi- 
neer. 

Certain items carried in the elec- 
trical stores should be bought on 
specification and tests made on the 
material upon arrival in the receiv- 
ing department. This applies chiefly 
to large plants where the material is 
bought in fairly large quantities and 
usually direct from the manufac- 
turer. The smaller companies 
should make less elaborate tests, 
based somewhat on rule-of-thumb 
methods or a physical comparison 
between samples taken from orders 
from various firms. Where possible 
the electrical engineer should work 
with the chemical engineer and de- 
termine the physical and chemical 
nature of the material to be pur- 
chased before writing up specifica- 
tions. They should also develop a 
routine method of testing the ma- 
terial received. At times material 
may be checked in by a receiving 
clerk without a careful or competent 
noting of discrepancies between ma- 
terial and specifications. 

Often the material has been used 
and found unsatisfactory and a con- 
siderable loss may result which may 
be avoided by having certain classes 
of material sampled, tested and ap- 
proved by the chemical engineer’s 
organization. Some of the items 
which are susceptible to variations 
and should be tested are: insulating 
varnishes and paints, insulating 
cloth and paper, web tape, rubber 
insulated wires, acid and caustic 
battery solutions, transformer and 
compensator oils and lubricatin 
oils. : 
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EVEN ON individually-driven 
machine tools, there are advan- 
tages gained from interposing 
at least one belt transmission 
in the drive that often more 
than compensate for the belt 
slip losses and belt mainte- 
nance. One of these advantages 
is the elimination of shock to 
the driven machine in case of 
accident. A careless man may 
set a tool post on a boring mill 
so that near the end of the cut 
it strikes a projecting part of 
the jig or of the casting being 
machined. Similar accidents 
happen on almost any type of 
machine. With a gear, chain, 
or direct drive something must 
break, but with a belt drive, 


the belt slips off and a long 
production delay as well as a 
repair job is avoided. 


Some of the 
Hows and Whys for 
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The Layout of Group 
and Individual Drives 


Together With Special Features Determining the 
Layout of Fan Drives and the Results of Tests on 


Lineshaft Friction Losses 


By ROBERT W. DRAKE 


Electrical Engineer, McCormick Works, 
International Harvester Company, 


Chicago, Ill. 
DETAILED ANALYSIS of 
A the reputed advantages of in- 
dividual drives compared 


with group drives will show that the 
latter have a much wider field than 
is commonly supposed. However, 
each type of drive has its field where 
it is generally admitted to be un- 
wise to attempt to apply the other. 


The following article offers sugges- 


tions for the layout of belts, gearing 
and direct connection as applied to 
both individual and group drives. 
Belt drives should be designed con- 
servatively, especially the drive 
from motor to lineshaft. The argu- 
ments against group drive based on 
speed variation, belt slip and the 
like, can be almost entirely elimin- 
ated by designing drives with bot- 
tom pull on the belts rather than top 
pull, and with ample belt area. Mr. 
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Frederick W. Taylor’s classical 
paper“ in which he proves that, all 
relevant factors considered, the total 
annual cost of belt drives is least 
when the belt tension is approxi- 
mately half the usual American 
practice, is as true now as it was 
when he made his painstaking expe- 
riments. 

The horsepower that may be 
transmitted by a belt varies with the 
belt speed, other factors remaining 
constant. However, at speeds above 
5,000 ft. per minute, the centrifugal 
ferce tends to lift the belt from 
the pulley and so decreases the fric- 
tion contact which gives a belt its 
pulling power. The best belt speed 
is about 4,000 ft. per min. Most 
standard motor pulley sizes are not 
large enough to give this speed. 
Where the space between lineshaft 
and ceiling is sufficient, it is better 
to install a large lineshaft pulley 
and a motor pulley large enough to 
give approximately the above speed. 
The decreased bearing troubles due 
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to diminished belt stresses, the re- 
duced cost of belting and lessened 
slip will repay careful design in 
each case. l 

In the case of machine tools, there 
are also sufficient advantages in in- 
terposing at least one belt transmis- 
sion in the drive, so that this has of 
late years become standard practice 
in many progressive industrial 
plants, even on individually-driven 
machines. Where such practice is 
deemed best about half the belt-slip 
losses and belt maintenance are re- 
tained in order to gain advantages 
which more than compensate. 

One of the advantages is the elim- 
ination of shock to the driven ma- 
chine and to the motor in case of ac- 
cident. Such accidents are of daily 
occurrence in a large, individually- 
driven plant. A careless man sets 
a tool post on a boring mill so that 
near the end of the cut it strikes a 
projecting part of the jig or of the 
casting being machined. Similar 
“accidents” happen on almost any 
type of machine. With a gear drive 
something must break but with a 
belt drive the belt slips or comes off 
and a long production delay as well 
as a repair job is avoided. 

Attempts have been made to de- 
sign this type of belt drive so that 
the driving motor could not be so 
grossly overloaded. This has not 
proved practicable. Many such 
drives must start against a severe 
inertia load, and must carry an in- 
termittent load with relatively high 
peaks. Anything short of a very 
conservative belt drive will give con- 
stant trouble at such times and offer 
more handicaps to output than it 
‘eliminates. | 


RECOMMENDED STANDARD SPEEDS 
FOR EACH SIZE OF MOTOR 


In the preceding articles in the 
February and March issues, much 
stress has been placed on spares. In 
a plant in which group drive is the 
rule, the choice of a standard speed 
in each motor size is of importance. 
A proper compromise between the 
conflicting demands of the different 
sorts of service for which motors 
will be needed, will minimize the 


The best belt speed is about 4,000 
ft. per min. 


However, the difference between the 
required lineshaft speed and the motor 
speed may be so great that it is im- 
practicable to use pulleys large enough 
to secure the proper speed reduction 
and maintain such a belt speed. In 
the picture shown this is the cause for 
the low belt speed. One way of get- 
ting around this is to make the speed 
reduction in two steps, using a jack- 
ne peers the motor and the line- 
sha 
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number of “off standard” motors 
which must be tolerated (and dupli- 
cated if they are on important 
drives). It is necessary also to keep 
in mind the fact that the higher the 
speed of the motor, the lower the 
cost, and the higher the efficiency 


THIS IS THE THIRD of a 
series of three articles that 
analyze the advantages of 
group and individual drives. 
The first article, which ap- 
peared in the February issue, 
pointed out the principal re- 
puted advantages of individ- 
ual drive. The second article 
was published in the March 
issue and discussed fully the 
principal reputed advantages 
of group drives. This article 
will offer suggestions for the 
layout and installation of in- 
dividual and group drives. 


and power factor. Everything con- 
sidered, I have found the following 
to be the most desirable speeds in 


60-cycle, alternating- current mo- 
tors: 

% to 3 hp) 1,200 r.p.m 
5 to 50 hp............. 900 r.p.m 
75 to 100 hp........... 600 r.p.m 


FACTORS GOVERNING THE LAYOUT 
OF LINESHAFTING 


For general manufacturing the 
balance between cost, lineshaft 
losses and mechanical suitability is 
struck at about 200 r.p.m. for line- 
shafts serving groups; for shafts 
serving grinding and similar high- 
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speed machinery exclusively, line- 
shaft speeds may sometimes be as 
high as 400 r.p.m. to advantage; for 
groups containing assorted wood- 
working machinery, a speed in the 
neighborhood of 300 r.p.m. generally 
works out best. 


COUNTERSHAFT FRICTION Is MAJOR 
PART OF LINESHAFT LOSSES 


I will risk a digression at this 
point to discuss the results of a se- 
ries of service testg on lineshaft 
friction. The tests were under- 
taken to obtain a service check on 
laboratory experiments on relative 
friction with babbitt bearings us- 
ing various grades of oil, each with 
and without Achison’s “Oildag” and 
were later extended to include ball 
bearings for comparison. 

A room of woodworking machin- 
ery was chosen for the comparative 
tests because the lineshaft speed 
was 50 per cent higher than the line- 
shaft speed in general use through- 
out the plant, and the shafting fric- 
tion losses might be expected to be 
thereby increased. The bearings 
were of the wick self-oiling type, a 
special design developed at this 
works in the old engine drive days. 
Wick-oiled bearings are nowadays 
considered to be old-fashioned, but 
this design is admirable indeed as to 
reliability and, by comparison with 
other published tests, has remark- 
ably low friction. The wick design 
has one advantage that is seldom 
sufficiently emphasized and is a 
worthwhile advantage in dirty loca- 
tions; this is the fact that the oil, 
in recirculating, passes through the 
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wick by capillarity, and thereby the 
dirt and grit are separated out. The 
decreased wear from this cause is 
very marked, especially in foundries 
and other places where abrasive 
dust is normally present in the air. 

To accurately determine the 
power required to run the shaft un- 
der test, a special small motor was 
belted to it, in placé of the large 
motor required to carry the regular 
load when the driven machines are 
running. The input to this motor 
was determined each day at noon 
with shaft running, but all ma- 
chines shut down. A week or more 
was allowed after each change in 
lubricant for bearing conditions to 
become constant. After several 
months comparative testing with dif- 
ferent oils in babbitt-lined bearings 
the main lineshaft was equipped 
with ball-bearing hangers, but 
the looked-for startling reduction in 
friction did not appear. This sug- 
gested that a determination be made 
of the main lineshaft friction with 
no countershafts running. We were 
surprised to find that only 17 per 
cent of the friction in this room was 
in the main lineshafting, and that 
the remaining 83 per cent was in 
the countershafting. 

When the drive belts on the ordi- 
nary “tight and loose” style of 
countershafts are on the loose pul- 
ley they sometimes take such a posi- 
tion that one edge drags on the tight 
pulley for % in. to ½ in. This 
seemed to be a partial explanation 
of the relatively high countershaft 
friction in this case. A design of 
loose countershaft pulley somewhat 
smaller than the tight pulley, with 
flanged approach to the diameter of 
the tight pulley and a rather abnor- 
mal crown has been used more or 
less for many years, but has never 
come into common use. This design 
is shown in an accompanying illus- 
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Special design of tight and loose 
pulleys which is arranged to re- 
duce friction losses when idling. 


The loose pulley is somewhat smaller 
in diameter than the tight pulley so 
as to relieve the belt tension when 
idling, thereby prolonging belt life and 
decreasing bearing friction. The loose 

ulley is wider on the flange side and 

as a higher crown. than the tight 
pulley. This keeps the belt in the 
center of the loose pulley and prevents 
wear on the edge of the belt. 


tration. Since the increased cost is 
trifling, it would seem in the light 
of this experiment to be worth 
adoption, at least in cases of special 
countershafts built within the plant, 
and in maintenance replacements. 


SLOW-SPEED MOTORS ARE PREFERRED 
FOR GEARED DRIVES 


Except in the case of very small 
motors (1 hp. and below) slow- 


A lineshaft speed of 300 r.p.m. 
generally works out best for 


groups of assorted woodworking 
machinery. 
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speed motors are preferable for 
gearing if reliability is of any im- 
portance. The slower-speed motor 
is’ built in a larger frame with a 
heavier and sturdier shaft which is 
better able to endure the shock of 
gear drive. The slower shaft speed 
allows a greater pinion diameter 
without exceeding conservative pe- 
ripheral speeds at the pitch line, and 


this in turn permits the use of a 


coarser pitch on the pinion, with 
consequent greatly increased life 
and reliability, on the first gear re- 
duction. Especially is all this true 
of the excessively light designs of 
continuous-rated motors which have 
been marketed during the past few 
years by the larger manufacturers. 
The bearings in these motors are 
generally die-cast without shells. If 
satisfactory bearing life and relia- 
bility are to be obtained, it is almost 
necessary to operate such motors 
with compressed cloth, molded com- 
position, or rawhide pinions. In 
applications where such pinions will 
not stand up it is advisable to use 
sturdier motors. 


CONSIDERATIONS AFFECTING THE 
DESIGN OF FAN DRIVES 


In general, fans are best driven 
individually, but this is by no means 
a universal rule. Small and moder- 
ate-sized exhausters can frequently 
be grouped with the machines which 
they serve (for example, grinders, 
buffing wheels, and the like) while 
less frequently it is advantageous to 
group blowers with the machines 


‘served. The fact remains that even 
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in plants which are group driven in 
general, most large and many small 
fans are individually driven. At first 
thought a direct-connected unit ap- 
pears to offer many advantages, but 
I prefer to belt fans whenever pos- 
sible. There are various advantages 
for and against this practice. 

The exact predetermination of 
performance in a fan system is more 
difficult than most ordinary engi- 
neering layouts. It is much easier 
to predetermine pressure drops in 
electrical, steam, or hydraulic lay- 
outs than in fan piping. A fan sys- 
tem is full of bends, offsets and el- 
bows, to avoid obstructions. These 
“fittings” can seldom be made to fol- 
low any definite standard as to curv- 
ature, but owing to the relatively 
large size of ordinary fan piping, 
they must be laid out individually 
to suit the space available. Frequent 
changes from round to rectangular 
ducts and back again are often re- 
quired. Estimates of resistance to 
flow through such “fittings” are of 
necessity rough. In water, steam 
and electric transmission, standard 
pipe (or conductors) and fittings 
are universally used and their re- 
sistance is known to a far greater 
degree of precision. 

In steam and water piping the 
condition of the inside surface plays 
an important part in determining 
the resistance, but the effect of in- 
crustation plays a less important 
part in determining flow than is 
generally the case with fans. The 
degree and rate of incrustation in 
fan piping depends upon so many 
variables that it varies from place to 
place in the same system of ducts 


Many factors are involved in lay- 
ing out a group drive similar to 
the one shown. 


There is the determination of the mo- 
tor speed to use, the most efficient belt 
speed, the factors governing the selec- 
tion of pulleys. and the selection of the 
lineshaft speed, which is based on the 
balance between cost. lineshaft losses 
and mechanical suitability. 


(due to variation in velocity). Be- 
tween different installations in ap- 
proximately the same service, the 
variation in incrustation due to var- 
iation in oily vapor carried in the 
air, fineness and density of material 
handled, is astonishing. It is sel- 
dom possible to clean fan piping ef- 
fectively except the main ducts, and 
these only when they are large 
enough for a man to pass through. 

The result of all this is that once 
a fan system is in service, a little 
testing will very frequently show 
that a moderate change in pressure 
will be beneficial. Such a change 
can best be effected by varying the 
speed of the fan. The pressure de- 
livered by a fan connected to a fixed 
duct system varies as the square of 
the speed and the horsepower re- 
quired to drive it varies as the cube 
of the speed. Thus if tests show 
that a decrease of as little as 10 per 
cent in speed will give satisfactory 
performance, there will be a saving 
in horsepower of 30 per cent. 
When we consider that the power 
required to operate an average 
exhauster system using efficient mod- 
ern slow-speed fans serving wood- 
working equipment or grinding ma- 
chinery often equals or exceeds the 
power requirements of the machin- 
ery served, it is evident that such a 
saving is well worth while. If the 
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case is reversed, and the operation 
of the fan is less satisfactory than 
expected, frequently a slight in- 
crease in speed will set matters 
right again and give ideal service. 
As time goes on, the resistance of 
the pipe frequently increases with 
gradual roughening of the pipe due 
to deposit of foreign matter. Event- 


_ ually a higher pressure or suction is 


necessary to obtain good results. 
From time to time load may be 
added or removed from the system, 
increasing or reducing the horse- 
power and in some cases the speed 
required to drive the fan for satis- 
factory operation. Within reason- 
able limits, all such changes in con- 
dition may be met by changes in the 
speed and horsepower of the fan 
drive. No such changes are erdi- 
narily possible with a direct-con- 
nected fan, particularly with alter- 
nating-current drive. With a belted 
fan small changes may be effected 
at a minimum expense, delay, or 
trouble by merely changing motor 
pulleys. Greater changes requiring 
a change in horsepower outside the 


economical power factor and effi- 


ciency range of the motor origin- 
ally installed, or beyond its capacity, 
can be easily made by a change to 
the next size of motor with a suit- 
able pulley. 

Belting fans has the great advan- 
tage that it permits the use of mo- 
tors which are standard as to speed 
and horsepower for lineshaft drive 
in the plant and for which spares 
are therefore available in case of 
motor trouble. Further, the time 
required to replace a burned-out 
motor is ordinarily far more with a 
direct-connected unit than with a 
belted unit unless a flexible coupling 
is used with the former. | 

Frequently the necessity of in- 
creased capacity, discontinued pro- 
cess, rearrangement of machines 
served or some such trouble retires 
a fan from service. In such a case 
in a large plant, an opportunity to 
use a belted fan to advantage else- 
where will generally soon occur. 
Usually, the required speed will be 
quite different and the service and 
capacity different. With a belted 
fan this simply means putting it 
into service again with a different 
shop standard size of motor and an 
appropriate motor pulley. With a 
direct- connected fan the case is 
quite different. It is likely to be 
many years before the same combin- 
ation of frame size of fan and motor 
size and speed is needed again. 
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EFFECTIVE power transmission occupies 
a more important place in the economical 
operation of mills and factories than is 
ordinarily attributed to it. Altogether too 
often the whole power transmission system 
is considered o. k. as long as the wheels 
will turn. However, no unit of the sys- 
tem is carelessness- or neglect-proof, as 
was brought out in other articles. One 
of the principal causes of trouble lies in 
the assumption that, once installed, each 
unit “stays put” in its relation to the 
others. In this, shafting, on either line- or 
countershaft, is perhaps the worst offender 
and usually gets the least blame, since the 
trouble backs up into bearings, couplings, 
belts or chains, or other units. Shafts put 
in alignment and kept that way go far 
toward obtaining smooth and economical 
operation of a shop. 


Things to Know 
About 


Line- 
Shafting 
and Hangers 


When They Are Used as 
the Backbone of Power 
Transmission Where the 
Groups of Machines Are 
Driven As a Unit 

N THE early days water wheels 
] steam engines supplied the 

driving force in most plants and 
were connected to large headshafts 
by belts or ropes, or in the case of 
water wheels, sometimes by gearing. 
These head lineshafts in turn oper- 
ated several lines of smaller shaft- 
ing. With the increasing applica- 
tion of motor drives in mills and fac- 
tories, the single large driving unit 
has been subdivided into several 
smaller power units each connected 
to an individual machine or to line- 
shafts in turn driving a group of 
machines. This has eliminated the 
friction loss of the heavy head 
shafting and provided a more flex- 
ible arrangement as shafts can be 
driven at an angle or any distance 
from the main drive unit without 
difficulty. 

It is not the purpose of this ar- 
ticle to discuss relative merits of 
group and individual drives and the 
types of work to which they are best 
adapted. This is taken up in a 
series of three articles on “When to 
Use Group and Individual Drives,” 
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By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


the first and second of which ap- 
peared in the February and March 
issues of the INDUSTRIAL ENGINEER; 
the third and last article begins on 
page 174 of this issue. 

Shafting as used in the ordinary 
industrial plant consists of a round 
bar of steel turned from a hot-rolled 
bar. This makes it perfectly round 
and of a standard diameter so that 
stock sizes of pulleys, flanges, coup- 
lings, clutches, bearings, and other 
similar mechanical power transmis- 
sion equipment will fit on it without 
re-boring them to a gage fit. Also 
when removed from one shaft they 
will fit on another of the same di- 
mension. Some old shops use a 
cold-rolled or drawn steel shafting. 
Cold-rolled shafting is made, as the 
name implies, by passing the rough 
bar cold through various grooves of 
a finishing rolling mill, which re- 
duces it to the required diameter. 
Drawn shafting is made by draw- 
ing cold bars through dies of the 
specified diameter. In both types of 
shafting the diameter and shape is 
not quite as standard as it is with 
turned shafting and also a hard shell 
or scale forms on the surface. When 
this shell or skin is cut, as is neces- 
sary when key seating or doing other 


Dust is an important factor in the 
operation of this installation of roller- 
bearing hangers in a flour mill. 


machine work, the shaft will bend or 
spring so that it is almost impos- 
sible to straighten it again. Because 
accuracy in shape, diameter, and 
straightness, as well as the possibil- 
ity of cutting keyways without dis- 
tortion, are some of the most impor- 
tant characteristics of shafting, 
turned shafting is generally used. 
However, some old installations of 
the other types are still in use. 

In the manufacture of turned 
shafting the hot-rolled bars are first 
straightened and then turned and 
polished in automatic lathes. Since 
the bar is hot rolled there is not as 
much of a strain set up in the skin 
or shell of the bar, as was the case 
with cold-rolled or drawn shafting. 
Because all this thin skin is taken 
off when the shaft is turned there 
are no remaining stresses in the 
shaft to bend it in case a keyway is 
cut. Also, in case the shaft becomes 
bent it is more easily straightened 
again. As these automatic lathes 
may be set to turn to a standard dia- 
meter, the shafting which may be 
bought from almost any dealer, is a 
standard size in all cases. However, 
in the purchase of shafting it is well 
to check the diameter, allowing for 
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a commercial tolerance of 0.008 in. 
An extra charge is made where ex- 
act size or to within 0.0015 in., or 
less, over or under, is required. 
For ordinary lineshaft work an ac- 
curacy of this amount is not neces- 
sary. | 

While shafting may be obtained in 
any diameter, certain sizes have be- 
come a commercial standard and in 
all cases where possible effort should 
be made to use these standard sizes 


as they have also become a standard. 


for couplings, clutches, pulleys, and 
the other mechanical power trans- 
mission elements. In most cases an 
extra charge of about 10 per cent is 
added to the price of any of this 
equipment for having it bored to an 
off-standard size dimension. In ad- 
dition, there is the difficulty of these 
mechanical power transmission ele- 
ments not being interchangeable if 
of an off-standard size. These stand- 
ard diameters are the same as shown 
in the tables on page 180 up to 514 
in. The diameters given above that 
dimension are special shafts. It will 
be noticed that in most cases they are 
14e under an even inch, half-inch or 
quarter-inch dimension. For exam- 
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ple, one standard shaft size is 21946 
inches. In this case, a 3-in. bar is 
turned down e in. To get an even 
3-in. turned bar would require the 
next larger size commercial stock 
and could be provided, but at an ex- 
tra expense. Shafting is sold by the 
pound, and the price fluctuates ac- 
cording to the price of steel. Most 
manufacturers require that orders 
for shafting of a special diameter, or 
if it must be within an extra close 


tolerance, call for not less than 2,000 
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The different types of keyseats 
which are used in lineshaft work. 


When an industrial plant orders the 
keyways cut before the shafts are de- 
livered they should be careful to spe- 
cify which type of keyways are re- 
quired. Unless otherwise specified most 
manufacturers of lineshafting will cut 
keyways as in the top illustration, 
which shows the keyseat with the ends 
as left by the milling cutter. The mid- 
dle illustration shows keyseats with 
round ends and the bottom level. The 
bottom illustration shows keyseats with 
square ends and bottom level. 


lb., as these orders are made up spe- 
cial. 

The stock lengths of shafts vary 
somewhat among the different 
manufacturers and dealers but ordi- 
narily shafts may be obtained in 
lengths of 10, 12, 14, 16, 18, 20, 22 
and 24 ft. If odd lengths like 17 ft., 
19 ft. or 20 ft. 3 in., are required 
they must be cut from the next 
standard length of bar, which is in 
even feet, and the entire bar is 
charged for, as well as for the cut- 


This shows the construction of nine 
different types of standard line- 
shaft hangers. 


The illustrations show the method of 
getting two- to four-point adjust- 
ment, and also the rigidity of the 
various types. Each of these instal- 
lations is fitted with a special dumb- 
bell, double-race, ball-bearing box. 
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ting. Ordinarily, shafts longer than 
22 ft. do not go into an ordinary 
box car and so there is often some 
delay in shipping such bars by rail 
on account of the necessity of pro- 
viding special cars. Because of the 
difficulty in handling, the long bars 
are more often bent in shipment, es- 
pecially when shafts are shipped 
with flanges attached. 

The best length of shaft to use 
varies somewhat with the way the 
shaft is to be hung. It is usually 
best to use a shaft of such length 
that at least two hangers will be in- 
cluded in each length of shaft. For 
example, if the hangers are spaced 
8 ft. apart a 16-ft. shaft would be 
used, while if spaced 10 ft. apart, a 
20-ft. shaft would be required. 
Shafts can be obtained up to 40 ft. 
on special order and at an extra 
price. 

The stresses to which lineshafting 
are mainly subject are, torsion or 
twisting, and transverse or bending 
stresses. The torsional strength or 
resistance to breaking by twisting 
is directly proportional to the cube 
of the diameter of the shaft. The 


torsional stiffness which determines 
the angle through which the shaft is 
twisted varies directly as the fourth 


Three types of pressed-steel shaft 
hangers. 


Pressed-steel hangers, because of their 
lightness, are being used in many light 
and ordinary installations of power 
transmission service. 
view shows how one type of hanger 
is reinforced. 
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These Articles Contain Other Information on 
Transmission Equipment 


Ball and Roller Bearings—Page 
420, Sept. 1922. 


Types and Sizes of Pulleys— 
Page 519, Nov. 1922. 


Pulley Service and oe Life— 
Page 575, Dec. 1922. 


Use of Gears and Pinions— 
Page 81, Feb. 1923. 


Gears and Speed Reducers— 
Page 131, March 1923. 


Fabric-Base and Leather Belts 
—Page 147, March 1923. 


Operating Conditions Affecting 
Belt Service—Page 189, April 
1923. 


Servicing Industrial Belts — 
Page 236, May 1923. 


Reclaiming Leather Belts— 
Page 304, June 1923. 


Types and Kinds of Chain 
Drives—Page 335, July 1923. 


Operating Conditions Affecting 
Chain Service— Page 379, 
Aug. 1923. 


How Chain Drives Have Re- 
duced Production Losses— 
Page 432, Sept. 1923. 


power of the diameter and inversely 
as the length of the shaft. 

The transverse strength or resist- 
ance to bending as a beam is directly 
proportional to the cube of the dia- 
meter and inversely proportional to 
the length between supports or bear- 
ings. The transverse _ stifffiess 


The cut-away 


Use of Rigid and Compression 
F 499, Oet. 


Types and Kinds of Flexible 
. 529, Nov. 


Installation and Operation of 
Flexible Couplings— Page 579, 
Dec. 1923. 


Uses of Clutch and Cutoff 
Couplings— Page 51, Jan. 1924, 


Trends and Practices in the Use 
of Mechanical Devices in the 
Path of Power Service- Page 
61, Feb. 1924. 


When to Use Group and Indi- 
vidual Drives Part I, Page 
56, Feb. 1924; Part II, Page 
118, March 1924; Part III, 
Page 174, April 1924. 


Operating Clutches and Cutoff 
oo ee 127, March 


Sleeve Bearing Troubles—Page 
113, March 1924. 


Roller Bearing Service—Page 
164, April 1924. 


which determines the deflection or 
bending of the shaft, considered as 
a beam, is directly proportional to 
the fourth power of the diameter, 
and is inversely proportional to the 
load and to the cube of the distance 
between the supports. 

It is a somewhat complicated 
problem to work out mathematically 
the exact size of a lineshaft. The 
accompanying tables, however, show 
the power which may be transmitted 
by a lineshaft under three classes of 
service. In general the speed of the 
shaft is determined in advance by 
operating conditions. In determin- 
ing the load on a shaft, care must be 
exercised to see that proper allow- 
ance is made for shock loads and 
clutches. 

Also, one of the practical difficul- 
ties in industrial installations lies 
in the fact that due to the frequent 
changes, rearrangements and the 
addition of machines it is always 
best to provide a shaft of at least 
slightly above absolutely required 
size so that it would always be able 
to take care of these additions or 
changes. In the arrangement of 
machines, wherever possible, it is 
best to provide the heaviest load, 
and particularly machines which 
give a shock load, as near as pos- 
sible to the driving mechanism so 
that the twisting or torsion load of 
the shock will not be transmitted 
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Recommended Sizes for Shafting Key-Stock 


Kerey 
NOMINAL SIZES 
(Inches) 


uare Flat 
eys Keys 


To 
Over including WX T 


Minimum 
widen 


through a long length of shafting. 
A driving unit at one end and a 
shock load at the other will result in 
an uneven transmission of power 
which is made obvious by the whip- 
ping action of belts. 


FORGED AND SPECIAL ALLOY SHAFTS 
FOR SPECIAL REQUIREMENTS 


The largest common commercial 
size of turned steel shafting is 51546 
in. in diameter. Shafts 6 in. or 
larger are usually made of special 
forgings. These are made by work- 
ing an ingot of steel under a steam 
hammer to a diameter somewhat 
larger than necessary and then turn- 
ing it down to an exact diameter in 
the lathe. In this way, a much 
stronger shaft is obtained. Also, 
sections of the forged shafting may 
be left larger in diameter than other 
parts. These are made on special 
order and to dimensions. 

Where extra strength, shock re- 
sistance, and other unusual require- 
ments are needed for a special in- 
stallation, nickel steel or vanadium 
steel shafts are frequently installed. 
However, the ordinary industrial in- 
stallation would not require either 
of these shafts. 

Quills or hollow shafts are made 
from forgings which are later bored 
out. A quill is used where an extra 
heavy pulley, sheave or gear is to be 
installed loose on a line of shafting 
and connected with a clutch. The 
advantage of the quill is that the en- 
tire weight of this sheave, pulley or 
gear is supported on the hollow 
shafting by its own bearing and does 
not add to the bending load of the 


Here self-aligning, ball-bearing pil- 
low blocks are installed on each 
side of a 5-ft. rope sheave. This is 
connected to a 350-hp. motor by a 
6-in. shaft operating at 250 r.p.m. 


The pillow blocks are on wedge adjust- 
ment plates which provide for up-and- 
down adjustment. Side adjustments 
are obtained by screws. Pillow blocks 
are used on heavy drives and also on 
many machines, 


Kry-Strocg S1288 
(Inches) 


Square, Square and Fiat, 
inimum 
N 


Key sizes for lineshaft work. 


The above table shows the recommend- 
ation made by the American Society 
of Mechanical Engineers as to stand- 
ard sizes for various shaft diameters. 
These recommendations are out for 
comment and have not as yet been 
adopted. 


lineshaft when it is either idle or 


running. 

Previous articles which have ap- 
peared in INDUSTRIAL ENGINEER, 
as listed in the box on page 181, 
have discussed the major mechanical 
elements of power transmission ex- 
cepting the shafting, hangers, and 
bearings. Of these, the two latter 
are intimately connected with the 
two most important considerations 
in lineshaft construction and opera- 
tion—alignment and friction loss. 


SOME OF THE DEVICES EMPLOYED FOR 
SUPPORTING LINESHAFTS 


In general, hangers differ largely 
in design according to the purpose 
for which they are to be used. For 
example the most common types are: 
Drop hangers for suspending from 
the ceiling, floor stands for attach- 
ing shafting to the floor, and exten- 
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sions for-post hangers to support the 
line of shafting at a fixed distance 
from the wall or from posts. The 
drop of the hanger—the distance 
from the base of the hanger to the 
center of the shaft—often deter- 
mines the size of pulley which can 
be used. This, however, depends 
upon the construction of the build- 
ing. Frequently drop hangers are 
used as floor hangers merely by 
fastening to the floor and inverting 
the bearings. 

An important point in industrial 
lineshaft construction is to provide 
sufficient means for adjustment of 
the shaft. Hangers ordinarily are 
made with either two- or four-point 
adjustment, as may be seen from 
the accompanying illustrations. 
Four-point, or universal adjustment, 
gives the greatest opportunity for 
aligning shafting without having to 
move the base of the hanger and is 
being used largely for industrial 
installations. Two-point adjustment 
hangers are used for short shafts 
and for light and comparatively low 
speed work or for countershafts. To 
get side adjustment it is necessary 
to slip the hanger in the slotted base. 
Obviously it would be more difficult 
to line up a long shaft and particu- 
larly to realign it after it had been 
used or a building has settled. 

Ordinarily, hangers are placed 
about 8 or 10 ft. apart, depending 
upon the.load and upon the service. 
Large diameter pulleys, heavy or 
shock loads, or a heavily loaded pul- 
ley, as the driving pulley, often re- 
quire an extra hanger or closer 
spacing. Hangers should be close 
enough to prevent the load from 
springing (Continued on page 211) 
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GOOD INSULATING RESULTS 
can be easily secured when varnish 
is given a fair chance on the sur- 
faces to which it is applied. Dirt 
and lack of care in application are 
the two things that always cause 
trouble. On these points Mr. Hazel- 
tine says: Dirty equipment ruins 
insulation quite as quickly as does 
faulty application. Wash your 
brushes or air spray as soon as you 
are through using them. Clean the 
varnish tank and strain the var- 
nish at regular intervals: Dirt 
breeds trouble. Keep your var- 
nish room and apparatus clean. 


Applying 
Insulating 
Varnishes 


By the Dipping and Bak- 
ing, Brush and Spraying 


Or by Vacuum Impreg- 


nation Methods 


By H. L. HAZELTINE 
Engineer of Insulation, The Sterling Var- 
nish Co., Pittsburgh, Pa. 

N THE ARTICLE that appeared 
1 in the March issue of INDUS- 

TRIAL ENGINEER, the writer de- 
scribed insulating varnishes in very 
general terms. In this article the 
shop equipment necessary for the 
proper application of these mate- 
rials will be taken up before going 
into the detailed methods for secur- 
ing specific results, in the articles 
to follow in this series. 

Insulating varnishes may be ap- 
plied by three general methods 
which, for convenience, will be 
termed the dipping and baking 
method, the brushing and spraying 
method, or the vacuum pressure im- 
pregnating method. No matter 
which method is followed it is im- 
portant that the apparatus and the 
surface to which the varnish is ap- 
plied should be kept very clean. 
Oily matter or dirt will ruin even 
the best of insulation. 

Perhaps it will be easier to under- 
stand the nature of the equipment 
required if we fix our attention on 
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a coil as it passes through the vari- 
ous processes and describe the ap- 
paratus as we go along. 


APPLICATION OF VARNISH BY 


Spraying varnish is preferable to brush- 
ing for the finishing application. When 
ovens are not available it is good practice 
to dry the coils by passing current through 
the windings. Oven drying is better, how- 


ever. The spray-gun shown is made by 
a Vilbiss Manufacturing Co., Toledo, 
io. 


DIPPING AND BAKING 


The best method of applying in- 
sulating varnish is by dipping. The 
main equipment required for this is the varnish has thoroughly per- 
a dipping tank and a baking oven. meated the inner layers. As the coil 
As originally wound, the coil con- cools, the air remaining in the in- 
tains a considerable amount of air side, being rarified, contracts and, 
and moisture which prevents the assisted by the atmospheric pres- 
complete filling with varnish. Hence sure on the surface of the tank, 
it should be thoroughly dried in an draws the varnish into the interior 
oven in order to drive out all this where insulation and binding 
moisture and occluded air. The strength are most needed. 
same oven may be used for this pre- The Dipping Tank—For this work 
heating period as will be described a tank to hold the varnish will be 
later for the baking period. The required of such size and shape that 
time required for this drying will the largest piece to be treated can 
vary from 1 hr. for coils of small be completely submerged. It should 
cross section to 24 hrs. for large also be of such capacity that the var- 
complete armatures and coils com- nish will not become overheated due 
posed of a great many turns of very to the dipping of hot coils with a 
fine wire. consequent loss of solvent. This 

After preheating, the work is tank can readily be built in any ma- 
taken directly from the oven and chine shop, with 14-in. steel sheets, 
dipped, while still hot, in a tank of which are plenty heavy enough. 
varnish and allowed to remain until Do not use a zinc-lined tank because 
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the zinc has a deleterious effect 
ypon varnish materials. A close fit- 
ting cover should be provided when 
the tank is not in use in order to 
exclude as much air as possible from 
the varnish and thus keep the solv- 
ent from evaporating. A tank suit- 
able for small-size coils is shown in 
Fig. 1. Note the groove into which 
the cover fits. This may be filled 
with some liquid material such as 
linseed oil, so as to provide a per- 
fect air seal, which will not evap- 
orate readily and which will not 
harm the varnish should a few drops 
be spilled into the tank. 

Large tanks should be fitted with 
similar covers. When they are of 
such size that they cannot be handled 
easily they should be equipped 
with some means for drawing 
off the varnish so as to facilitate 
cleaning. It is surprising how much 
dirt will collect in a short space of 
time and how much trouble can be 
traced directly to varnish that has 
become fouled as a result. It is im- 
possible to over-emphasize the abso- 
lute necessity of frequent thorough 
cleaning of both varnish and tank. 

As the foreign matter which col- 
lects in the tank soon becomes mixed 
with the varnish it is advisable, 
when the tank has been emptied and 
cleaned, to strain the varnish 
through several thicknesses of cam- 
bric before replacing it. This will 
remove all dirt, partially oxidized 
varnish and pieces of insulation. 

Draining—When you are sure that 
the coils have absorbed all the var- 
nish possible, they should be slowly 
withdrawn at about the same rate 
as that at which the varnish flows 
from the coils of its own accord un- 
der the influence of gravity and cap- 
illary attraction. This gives a good 
uniform covering with the least ac- 
cumulation possible on the one end. 
When a sufficient number of coils 
are treated to warrant its use a ma- 
chine such as is shown in Fig. 2 will 
be found very useful. The quicker 
the dip and the faster the rate of 


withdrawal, the heavier will be the 


outside coat and the less will be the 
penetration. 

The coil should be allowed to drain 
for a sufficient period to allow all 
dripping to cease and for the var- 
nish to partially “set.” The time 
required will again depend upon the 
size of the coil and the nature of the 


Fig. 2—Coil dipping machine for 
use where a large number of coils 
are treated. 
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Fig. 1—Dipping tank suitable for 
small sizes of coils. 


Note the groove in which the cover 
fits, that can be filled with a liquid 
like linseed oil to provide an air seal. 


varnish. When a considerable num- 
ber of coils are to be treated it is 
impossible to carry on the entire 
draining over the tank. Hence it 
is wise to provide dripping boards 
over which the coils may be hung, 
sloped in such a way as to convey 
the excess varnish back into the 
tank. 

After draining the work should be 
placed in the oven to bake. It is 
wise, where possible, to reverse the 
position of the coil so that the top 
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during draining is at the bottom 
during baking. The first effect of 
heat on the partially set“ varnish 
is to cause it to flow. Hence by 
reversing the position the heavy ac- 
cumulation acquired during the 
draining softens and flows toward 
the lower end, thus giving a more 
uniform and pleasing appearance to 
the finished piece. 

The Baking Oven.—The oven re- 
quired for preheating and baking 
may be purchased complete from an 
oven manufacturer, or may be built 
in the shop. In either case the fol- 
lowing suggestions may be helpful. 

The outside walls may be con- 
structed of any kind of material de- 
sired. It goes without saying that 
they should be well heat insulated, 
since the object is to heat the con- 
tents of the oven rather than the 
outside room; an uninsulated surface 
may be the cause of cold spots and 
may absolutely prevent an even dis- 
tribution of temperature through- 
out the interior of the oven. It is 
wise, therefore, to build these walls 
double, filling the air space between 


Coit DIPPING Device. 


own accord on coils 

under the influence of 

gravi ng capillary 
on. 
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with some loose fibrous material 
that will serve to break up convec- 
tion currents in the air and thus 
prevent the passage of heat from 
the inner to the outer surface. Fur- 
ther protection may be obtained by 
completely covering the outer sur- 
face with some heat-insulating 
material. It makes little dif- 
ference what this material is so long 
as it is remembered that the less 
heat that escapes into the room the 
greater will be the saving in fuel and 
the more uniform the heat inside. 

Many sources of heat may be em- 
ployed. Those in most common use 
are gas, steam, oil and electricity. 
Any one of them will give excellent 
results provided the oven is properly 
installed. Indirect or radiant heat 
is the best. 

Gas has the advantage of cheap- 
ness. Great care must, however, be 
taken to see that the burners are 
so installed that the fumes are cen- 
veyed to the chimney without en- 
. tering the oven where they will come 
in direct contact with the work. 
These exhaust fumes tend to com- 
bine with the varnish and prevent 
its baking properly. 

Steam is the most satisfactory 
for baking temperatures up to 300 
deg. F. because of its easy regula- 
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tion and control, its almost universal 
use for other purposes about the 
shop and the absence of fire risk. 

Oil systems are not in such com- 
mon use as are the other three. The 
advantages are much the same as 
those for steam, with the addition 
of the ability to obtain very high 
temperatures. without the risk at- 
tendant upon the carrying of high 
steam pressures. The same care 
must be taken in the installation of 
the burners as is exercised in the 
case of gas. 

Electric ovens are very efficient 
and probably the easiest to control. 
Unless properly built they may be 
expensive to operate, especially when 
power is purchased. 

Whichever form of heat is chosen 
great care must be taken in placing 
the heating units so that they will 
not interfere with the arrangement 
of the work in the oven, and so that 
the temperature will be uniform 
throughout. Since heated air rises, 
the heating units should be placed 
close to the floor so that the bottom 
part of the oven will have the same 
temperature as the top. Effective 


Fig. 3—Outfit for cleaning arma- 
tures and impregnating them with 
varnish. 


The diagrammatic shetch below outlines a method of cleaning dirty armatures 
with benzine and then impregnating them with Sterling Varnish. This method 
can be put in practice by anyone already disposing of a vacuum pressure in 
nating set by following the suggestions given. 


PROCESS, 


Place the armature in the washing tank C and revolve very slowly by means 


ofan air drill E for 30 minutes Then take out 
the ermature trom tank and bake for O hours 
to drive out what oil may remain in the coils. 

Again put in tank and wash for 20 minutes and 
then scrub with wire brush while the armature is 
worm. The gasoline and scrubbing will fake of all 
the old varnish. Ory armature for 5 hours in the N 
vacuum tank under heat and vacuum, let in the 


varnish, impregnate, drain and boke 


m ventilated oven at a temperature of 112°C. (234%) 


ITEMS, 


A88.. Hoss connections for motor. C... Gosolme wash- 
ing tank. D... Vacuum pressure tank, &E...Ar drill. 

E.. Feed regulating valve for air. Q... Pop valve set 
to 60 lbs. H... Air outlet. | Clamp, Z. cover ¶ -A gauge. 
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positions are either along the sides 
or underneath a false bottom. A 
sufficient amount of radiating sur- 
face must be provided so that the 
temperature required will be 
reached in the shortest time pos- 
sible, and thereafter maintained 
without variation. In very large 
ovens it is sometimes advisable to 
install a fan in order to keep the air 
in motion and prevent the collec- 
tion of cold pockets. 

No matter how efficient the heat- 
ing system, proper drying of the 
varnish cannot be accomplished as 
long as it is stewing in the vapor 
from its own solvent. Hence some 
means must be used to remove these 
vapors. In small ovens a direct con- 
nection, provided with a damper, to 
a chimney or a stack is all that is 
necessary. In large ovens, or those 
overcrowded with work, forced draft 
is sometimes required. If, when the 
doors of the oven are thrown open, 
a cloud of black smoke pours out 
into the room, it is evident that you 
are not carrying away the solvent 
vapors rapidly enough. 

Most baking varnishes are of the 
oxidizing class and hence a consid- 
erable supply of fresh, clean air 
must always be available. The 
amount required will depend upon 
the quantity of work in the oven 
and the nature of the varnish used. 
It is better to have too much fresh 
air than too little. Too much will 
of course waste the heat, but it is 
better to do this than to have the 
varnish only partially dry. It is 
best to arrange the fresh air inlets 
in such a position that the entering 
air strikes the heating units first, 
so as not to lower the tempera- 
ture. In small ovens holes drilled 
through the outside walls will be 
sufficient. In large ones the blower 
used to drive the fumes out of the 
stack may be arranged to draw 
fresh air into the oven. 

Since, in the drying of varnish, 
the first action of the heat is to 
drive off the solvent, the damper in 
the stack should be kept wide open 
during the initial drying period so 
as to remove the vapors as quickly 
as possible. During the later part 
of the baking, when the solvent has 
been entirely driven out and the var- 
nish is merely oxidizing, the damper 
may be partially closed. Care should 
be taken, however, that it is not shut 
so tightly that it interferes with the 
drawing in of the fresh air. . 

It is important that the tempera- 
ture of the oven may be known at 
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any instant. An oven thermometer 
should therefore be installed. A re- 
cording instrument is very conveni- 
ent for this purpose as then a com- 
plete record of the temperature at 
all times may be obtained. The ther- 
mometer bulb should be so placed 
that the average temperature 
throughout the oven will be indi- 
cated. The proper position may be 
determined from comparative read- 
ings taken in different sections. 

Insulating varnishes may be 
baked at any temperature desired 
that will not injure the fibrous in- 
sulation. The customary range is 
from 212 deg. F. to 275 deg. F. Of 
course, the higher the temperature 
the quicker the drying of the var- 
nish. The lower temperatures have 
the advantage of drying the varnish 
all the way through without the for- 
mation of a skin over the outside, 
which tends to retain some of the 
varnish in a liquid or semi-liquid 
state. The high temperatures, how- 
ever, may be used advantageously 
during the later period of the bak- 
ing as this not only shortens the 
drying period but also tends to give 
a much harder, stronger surface. In 
preheating the coils it is best, how- 
ever, to use not over 220 deg. F. 
The higher temperature is not 
needed to drive out the moisture and 
tends to evaporate too much of the 
solvent in the varnish when the coils 
are dipped hot. 

When lack of space prevents the 
installation of such baking arrange- 
ments as have been described, an in- 
dividual oven may be built. This 
can be made of a metal box suitably 
heat insulated and having no bot- 
tom. Holes drilled in the top will 
provide for ventilation and the es- 
cape of solvent fumes. Electric 
heaters fastened to the sides will 
provide a uniform heat. The coil 
after treatment may then be laid on 
the floor, the box placed over it, and 
the electric heaters connected to the 
nearest lighting plug. 

Apparatus for Cleaning Repair 
` Work—When motor armatures and 
field coils are brought in for repairs 
of any kind where complete rewind- 
ing is unnecessary, it is the custom 
in many shops to immerse them in 
a baking insulating varnish before 
they are put back into service. This 
is excellent practice, especially when 
the motors are subjected to severe 
conditions or heavy overloads. The 
varnish penetrates the slot and when 
dry holds the armature coils in 
place, even when the insulation has 
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dried out so much in service that 
they are quite loose. All cracks are 
filled up thus preventing the en- 
trance of dirt and moisture. Loose 
laminations are sealed and their vi- 
bration prevented. A rust-proof 
coating is formed over all iron parts. 
A smooth, dense insulating surface 
is formed on coils and on creepage 
surfaces. Vital parts which have 
been bruised in handling or in which 
the insulation has been cracked by 
strains in service or assembly will 
be completely restored to good con- 
dition. The glossy surface produced 
will prevent the action of water, 
etc., where the field~coils are con- 
nected and taped and will allow dirt 
to be periodically blown off with an 
air blast. ; 

These armatures and coils are 
generally very dusty and oftentimes 
covered with oil when they are 
brought in. This accumulation must 
be removed before the parts are 
dipped in order not to foul the var- 
nish, and also in order that the var- 


Fig. 4—Dripping, draining and 
baking arrangements for coils and 
armatures in a small shop. 
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nish may adhere to the surfaces. If 
dust alone is present it may be re- 
moved by blowing with compressed 
air. A good arrangement is to fit 
up a closed box so that the arma- 
ture or coil may be placed inside and 
an air hose connected near the bot- 
tom so as to blow the compressed 
air into the box. From the top there 
should be a pipe. connecting with the 
outside air so that the dust and dirt 
will be blown directly outdoors with- 
out entering the room. 

If there is considerable grease or 
oil on the coils it can best be re- 
moved by washing in gasoline or 
benzine. Apparatus suitable for this 
work is pictured in Fig. 3. The op- 
eration is as follows: Place the ar- 
mature in the oven and bake for 10 
hr. or until the coils and core are 
warmed clear through. Remove 
from the oven and place in the wash- 
ing tank C filled with gasoline, and 
revolve very slowly by means of an 
air control or electric motor Æ for 
30 min. This will remove most of 
the dirt and oil. It would be wise 
after this process to bake the arma- 
ture again in order to drive out the 
gasoline (Continued on page 209) 
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Handy Tables 
For Use When 


Changing A. 


TRIAL ENGIN 


C. Windings 


for Different Frequencies 


And the Practical Ways to Make Such Changes 
For the Original Sbeed and Horsepower or for a 
Different Speed and Horsepower 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Co. 


HEN changing an induction 

W motor to adapt a design of 
one frequency for operation 

on another, mistakes are often made 
that show up in a change of speed 
and horsepower that are not suit- 
able for the drive on which the mo- 
tor is to be used. In this article the 
writer has listed the practicable 
changes that can be made and has 
worked out some examples to show 
how to make the different changes 
and secure the desired results. Use 
is made of tables that the writer has 
found very convenient in such work. 

To begin with, the frequency di- 
rectly affects the speed of the motor 
as shown in Table I, which gives the 
synchronous r.p.m. with different 
numbers of poles and various cycles. 
The majority of changes made are 
from 25 to 60 cycles, 50 to 60, 40 to 
60 or vice versa. On consulting 
Table I we find that the no-load 
speed of a four-pole motor is 750 
for 25 cycles, 900 for 30, 1,200 for 
40, 1,500 for 50 and 1,800 for 60 
cycles. Raising the frequency, 
therefore, increases the speed in di- 
rect proportion and lowering the fre- 
quency: decreases the speed. 

For any frequency changes, the 
first question to answer is: What 
will be the speed of the motor on the 
new frequency and will the result- 
ing speed be satisfactory for the ap- 
plication? As an example, assume 
that it is desired to change a four- 
pole, 40-cycle motor for 60-cycle op- 
eration. Table I shows the four- 
pole, 40-cycle speed as 1,200 r.p.m., 
and the corresponding four-pole, 
60-cycle speed as 1,800 r.p.m. Since 
this is a direct-connected job, the 
r.p.m. must be kept constant. There- 
fore, the motor must be rewound for 
six poles, 1,200 r.p.m. on 60 cycles. 


A change in frequency changes 
the speed in the following propor- 
tion: C+ FS S = R Or RS FS + 
C, where the old frequency equals 
C, new frequency equals F, old 
r. p. m. equals S and new speed 
equals R. Since the windings of an 
induction motor can be considered 
the same as in a generator, it fol- 
lows that the change in speed occa- 
sioned by a change in frequency will 
also affect the line voltage; that is, 
when a motor is operated at a 
higher speed higher voltage is re- 
quired. Likewise, when operated at 
a lower speed a lower line voltage is 
required. The voltage then should 
be varied according to the formula: 

V = FE ~ C, where F and C have 
the same value as above, E is the 
old line voltage and V the new line 
voltage. From this it follows that 
either the line voltage must be var- 
ied in the same proportion and di- 
rection as the change in frequency 
or that the turns per phase or coil 
must be varied in the same propor- 
tion but in the opposite direction to 


the change in frequency. As an ex- 


ample, consider a 30-cycle, 220-volt, 
4-pole, 900-r.p.m. motor that is to be 


187 


QUITE OFTEN it is desired 
to operate an induction mo- 
tor on a different frequency 
than the one for which the 
motor was originally de- 
signed. The following ques- 
tions then arise: (1) What ef- 
fect will the new frequency 
have on the operation of the 
motor? (2) What changes, 
if any, are required in the 
motor windings to insure 
satisfactory operation on the 
new frequency? In this ar- 
ticle Mr. Roe has worked out 
in detail the steps to be 
taken in making various fre- 
quency changes and com- 
piled tables that will be use- 
ful in this connection. 


operated on 60 cycles. The new 
r.p.m. would be 1,800 and the line 
voltage should be 440 volts, but if it 
is desired to operate the motor on 
220 volts, at 60 cycles, the total 
turns would have to be reduced one- 
half. 

Another item affected is the 
horsepower rating of the motor, as 
Hp. = (T x r.p.m.) ~ 5,252, where 
T equals the torque at one foot 
radius. If the voltage or turns are 
varied in the proper amount and di- 
rection, the torque will remain prac- 
tically constant and the horsepower 
will vary directly as the speed in 
r.p.m. 

From the above remarks, we can 
now set down the different combina- 
tions of changes that are possible. 

Change No. 1—With a change in 
cycles and the line voltage adjusted, 
the hp. and r.p.m. will vary directly 
as the frequency and in the same 
direction. 


Table I—Synchronous Speeds With Different Numbers of 
Poles and Cycles 


CYCLE8 
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Table II—Multipliers to Use When Raising || Table I1]—Multipliers to Use When Lowering 
the Operating Frequency, the Horsepower 
Varying With the Speed. 


REQUIRED 
CHANGE 
IN CYCLES 


How 
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Change No. 2— With a change in 
cycles and poles the speed will be 
kept nearly constant, the voltage or 
turns changed to suit the new re- 
quirement and the hp. will depend on 
the speed. 

Change No. 8—With a change in 
cycles and speed, the hp. is kept con- 
stant by varying either the line volt- 
age or turns per coil or phase. 

Change No. 4—With a change in 
cycles and poles, the speed is kept 
as nearly the same as possible, with 
a constant hp. by varying either line 
voltage or turns per coil or phase. 

In what follows each case will be 
taken up in turn and a change 
worked out giving the reasons for 
each step. This will bring up all 
the details likely to be encountered 
in any type of cycle change. 

Change No. 1—For the change in 
cycles only. Tables II and III can 
be used. In this case the number 
of poles in the winding will remain 
the same for both frequencies, but 
the speed, horsepower, etc., will vary 
with the cycles. When increasing 
the speed of a motor, do not run the 
rotor at a peripheral speed greater 
than 7,500 feet per minute (periph- 
eral speed equals the diameter of 
a rotor in feet X 3.1416 X r.p.m.) 
at the new frequency. 

Table II gives the multipliers to 
use when it is desired to raise the 
frequency. The first column gives 
the desired change; that is, 25 
cycles to 30 cycles, 40 cycles to 60 
cycles, etc. The other five columns 
indicate the effect of the change on 
the r.p.m., horsepower, line voltage, 
area in circ. mils or the cross section 
of copper per coil, and the turns per 
coil or phase. 

For example, consider a 25-cycle, 
10-hp., 4-pole, 220-volt, 3-phase, 750- 
r.p.m. motor which is to be changed 
to 60 cycles. On consulting Table IT, 
and the 25- to 60-cycle line, we find 
that the r.p.m. will increase 2.4 
times or 750 X 2.4 equals 1,800 


LINE 
VOLTAGE 


the Operating Frequency, the Horsepower 
Varying With the Speed. 


REQUIRED 


CHANGES 
IN CYCLES 


60 to 25 
60 to 30 
60 to 40 
60 to 50 
50 to 25 
50 to 30 
50 to 40 
40 to 35 
40 to 30 
30 to 25 
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r.p.m. The horsepower rating would 
then be 10 x 2.4 or 24, but to obtain 
this rating and to keep the torque 
and other electrical conditions in the 
motor the same, the line voltage will 
have to be increased to 2.4 X 220 or 
528 volts. In most cases the line 
voltage must remain the same; then 
the turns per coil or phase must be 
changed as shown in the last col- 
umn. In this case, the turns will 
have to be decreased. If the motor 
had ninety turns per phase on 25 
cycles it should have 90 X .417 or 
3714 turns on 60 cycles. The turns 
might be decreased by reconnecting 
in some cases, and the voltage 
brought to within 10 per cent of the 
required value, or the stator would 
have to be rewound. In case of 
either reconnection or rewinding, 
the cross section of copper must also 
be changed at the same time and by 
the amount indicated ‘in the tables. 


LINE 
VOLTAGE 


It will be noticed when studying 
the tables, that whenever the line 
voltage is raised, the table indicates 
that the same results can be ob- 
tained by decreasing the turns and 
that when the turns are decreased, 
the area of copper should be in- 
creased and vice versa. The follow- 
ing details refer to the table of pos- 
sible changes at the top of this page. 

Table III gives the values when 
the frequency is to be lowered. 
This table shows that the r. p. m. 
and horsepower will decrease, but in 
any case where the speed is reduced 
the maximum horsepower rating 
should be at least five per cent lower 
than the value given. This is due to 
the lessened ventilation at lower 
speeds. 

The above is the simplest fre- 
quency change. A close study of 
Tables II and III will indicate what 
the effect on the performance of the 


Table IV—Multipliers to Use When Changing the Cycles and 
Poles with Horsepower Also Changed 
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motor would be if it were connected 
to the new line frequency without 
any change in the winding or line 
voltage. Consider now a 50 cycle to 
60 cycle change. The r.p.m. would 
be increased 1.2 times, likewise the 


INDUSTRIAL ENGINEER 


horsepower, and the line voltage 
would have to be 1.2 times the 50- 
cycle voltage, which we will assume 
as 220. The new or 60-cycle voltage 
then equals 220 X 1.2 or 264. If the 
turns were not decreased and the 


Tables V and VI—Multipliers to Use When Changing from 
25 to 50 Cycles and from 25 to 40 Cycles with the 
Horsepower Also Changed 
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R. P. M. 
CHAN OR PoLES LINE VoLrs TURNS 
From Circ. MILs 
AND Hp. 

2-Pole, 24 1 1.0 

25-cycle 6 0.667 1.5 

to 8 0.50 2.0 

50-cycle 10 0 40 2.5 

12 0.33 3.0 

4-Pole, 2 4.0 0.25 
25-cycle 1.33 0.75 
to *8 1.0 1.00 
50-cycle 10 0 80 1.25 
12 0.667 1.50 
6-Pole, 2 6 0 0. 167 
25- cycle 4 3.0 0.333 
to 8 1.5 0 667 
50-cycle 10 1.2 0.833 
*12 1.0 1.00 
8-Pole, 2 8.0 0.125 
25-cycle 4 4.0 0.25 
to 6 2.667 0.375 
50-cycle 10 1.60 0 625 
12 1.30 0.75 

10-Pole, 2 10.00 0 10 
25-cycle 4 5 00 O 20 
to 6 3.33 0 30 
50-cycle 8 2.50 0 40 
12 1.667 0.60 
12-Pole 2 5 12.00 0 083 
25-cycle 4 6.00 O 167 
to 6 4.00 0.25 
50-cycle 8 3.00 0 33 
10 2.40 0.417 


R.P.M. 
CHANGE PoLES Line VoLTS TURNS 
Circ. MILs 
4 1.25 
6 1.875 
to 8 2.50 
40-cycle 10 3.12 
12 3.75 
4-Pole, 2 3. 0.313 
25-cycle 6 1. 0.938 
to 8 0. 1.25 
40-cycle 10 0. 1.56 
12 O. 1.875 
6-Pole. 2 4. 0 28 
25-cycle 4 2. O 416 
to 8 1. 0.833 
40-cycle 10 0. 1.04 
12 0. 1.25 
8-Pole, 2 6. 0.156 
25-cycle 4 3. 0.313 
to 6 2. 0.47 
40-cycle 19 1. 0.78 
12 1. 0.937 
10-Pole, 2 8 0.125 
25-cycle 4 4 0.250 
to 6 2 0.375 
40-cycle 8 2 O 500 
12 1 0.75 
12-Pole, 2 9 60 0.104 
25-cycle 4 4 80 0.208 
to 6 3.20 0.313 
40-cycle 8 2.40 0 416 
10 1.92 0.520 


Tables VII and VIII—Multipliers to Use When Changing 
from 25 to 30 Cycles and from 30 to 60 Cycles with 
the Horsepower Also Changed 
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R. P. M. 
CHANGE PoLES LINE VOLTS TuRNS 
ROM Circ. Mis. 
AND Hr. 
2-Pole, 4 0.60 1 67 
25-cycle 6 O 40 2 50 
to 8 O 30 3.33 
30-cycle 10 0.24 4.16. 
12 0 20 5.00 
4-Pole, 2 2.40 0.416 
25-cycle 6 O 80 1.25 
to 8 0.60 1.667 
30-cycle 10 0.48 2.08 
12 0.40 2 50 
6-Pole, 2 3.60 0.278 
25-cycle 4 1.80 0 556 
to 8 0.90 1.111 
30-cycle 10 0 72 1.39 
12 0.60 1 667 
8-Pole, 2 4.80 0 208 
25-cycle 4 2.40 O 416 
to 6 1 60 0.625 
30-cycle 10 0 96 1.04 
12 0.80 1.25 
10-Pole, 2 6.00 O 1667 
25-cycle 4 3 00 0 333 
to 6 2.00 0.500 
30-cycle 8 1.50 0 667 
*12 1.00 1 
12-Pole 2 7.20 0.139 
25-cycle 4 3 60 0 278 
to 6 2 40 0 416 
30-cycle 8 1.80 0 556 
10 1.44 0.722 
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R. P. M. 
CHANGE PoLes LINE VoLTs TURNS 
'a From Circ. Mis. 
2-Pole, *4 1.00 1 00 
30-cycle 6 0 667 1.50 
to 8 0.50 2.00 
60-cycle 10 0. 2.50 
12 0 3.00 
4-Pole, 2 4. 0.25 
30-cycle 6 1. 0.75 
to 8 1. 1.00 
60-cycle 10 0. 1.25 
12 0. 1.50 
6-Pole, 2 0.167 
30-cycle 4 0.333 
to 8 O 667 
60-cycle 10 0.833 
*12 1.000 
8-Pole, 2 0 125 
30-cycle 4 0.25 
to 6 0.375 
60-cycle 10 0 625 
12 0.75 
10-Pole, 2 0 10 
30-cycle 4 0 20 
to 6 0 30 
60-cycle 8 0.40 
12 0.60 
12-Pole, 2 0 083 
30-cycle 4 0 167 
to 6 0 250 
60-cycle 8 0 333 
10 O 416 


*Indicates that the winding can be reconnected and will operate at the same rating on the 


new frequency. 
change in the motor. 


Line voltage in all these tables means the original voltage before making the 
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motor put across a 220-volt, 60- 
cycle line, it would be operating on 
83 per cent voltage or under voltage. 
This would reduce the maximum 
horsepower rating since the horse- 
power depends on the torque. There- 
fore, if the motor is operated on less 
than the required line voltage, it 
will develop less torque and conse- 
quently less horsepower. If the 50- 
cycle rating were 25 hp., its rating 
with correct line voltage on 60 
cycles would be 1.2 x 25 equals 30 
hp., but with 220 volts on 60 cycles 
the torque would be (220 + 264)? 
or .69 which is 69 per cent of the 
50-cycle torque. Then the 60-cycle 
rating at 220 volts would be 
(1.2 X .69 X 25) or 20.7 hp. 

To determine what the horse- 
power rating will be at the new fre- 
quency when the turns or line volt- 
age are not changed, the following 
formula can be used: 

Hp. =RXHXTxT. 

In this, R equals the original 
horsepower rating before changing 
the cycles, H equals the figure un- 
der hp., in Tables II or III, and T 
the figure under turns in Tables II 
and III. In the 50 cycle to 60 cycle 
change cited above, the formula 
works out as follows: 25 X 1.2 * 
833 X 833 equals 20.7 hp. 

From the above it follows that 
when the frequency is raised and 
no change made in the turns or line 
voltage that the horsepower rating 
will be reduced below the low cycle 
rating regardless of the increased 
speed. On the other hand, when the 
frequency is lowered and no changes 
are made in the turns or line volt- 
age, the horsepower rating will be 
increased, even when the figure un- 
der the horsepower column in Table 
III indicates that the horsepower 
should be lower. For example, con- 
Sider a 20-hp., 60-cycle, 220-volt 
motor changed to 30 cycles. Table 
III shows that the line voltage 
should be reduced .50 or 50 per cent 
and that-the horsepower will also 
be reduced, but if the line voltage is 
left at 220 the rating will be, ac- 
cording to the above formula, 20 X 
5 X 2 X 2 equals 40 hp. In this 
case the heating would be 2.05 times 
as great as the area of copper is the 
same and the horsepower doubled 
and the speed reduced. The motor 
would then burn out if loaded up to 
40 hp. 

If it is desired to have the horse- 
power rating remain the same when 
changing the frequency, the voltage 
should be changed as the square 
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root of the cycle change. Consider 
a change from 25 cycles to 40 cycles. 
If the voltage is 220 on 25 cycles, 
changing it to 220 X (40 + 25) 
equals 220 X 1.264, or 278 volts on 
40 cycles will keep the horsepower 
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constant. Table XIV gives the mul- 
tiple to use for each item when it is 
desired to make a change and have 
the horsepower remain constant. 

It must be understood that when 
the cycles and speed are changed 


Tables IX and X—Multipliers to Use When Changing from 
30 to 50 Cycles and from 30 to 40 Cycles with 
the Horsepower Also Changed 


R. P. M. 
CHANGE PoLES LI NR VOLTS TuRNS 
Frou Circ. MILs. 
AND Hp, 
2 Pole, 4 0.833 1.20 
30- cycle 6 0.555 1.80 
to 8 0.416 2.40 
50-cycle 10 0 338 3.00 
12 0.278 3.60 
4- Pole. 2 3.38 0.30 
30-cycle 6 1.10 0.90 
to 8 0.833 1.20 
50-cycle 10 0.667 1.50 
12 0.556 1.80 
6-Pole, 2 5.00 0.20 
30-cycle 4 2.50 0.40 
to 8 1.25 0.80 
50-cycle *10 1.00 1.00 
12 0.833 1.20 
Pole. 2 6.67 0.15 
30-cycle 4 3.38 0.30 
to 6 2.22 0.45 
50-cycle 10 1.33 0.75 
12 1.11 0.90 
10-Pole, 2 8.33 0. 
30-cycle 4 4.16 0. 
to 6 2.78 0. 
50-cycle 8 2.08 O 
12 1. 39 0. 
12-Pole, 2 10.0 0. 
30-cycle 4 5.0 0. 
to 6 3.33 0. 
50-cycle 8 2.50 0. 
10 2.00 0. 


R.P.M. 
CHANGE Pores LINE VoLTS TURNS 
Fro Circ MILs 
AND Hp 
2-Pole, 4 0.667 1.50 
30-cycle 6 0.444 2.125 
to 8 0.338 3.00 
40-cycle 10 0. 267 3.75 
12 0.222 4.50 
4-Pole, 2 2.67 0.375 
30-cycle 6 0.89 1.125 
to 8 O 667 1.50 
40-cycle 10 0. 533 1.875 
12 0.444 2.25 
6-Pole, 2 .4.00 0.25 
30-cycle 4 2.00 0.50 
to *8 1.00 1.00 
40-cycle 10 0.80 1.25 
12 0.667 1.50 
8-Pole, 2 5.33 0.1875 
30-cycle 4 2.685 0.375 
to 6 1.78 0.563 
40-cycle 10 1.06 0 939 
12 0.89 1.125 
10-Pole, 2 6.67 0.15 
30-cycle 4 3.38 0.30 
owe | 2 | ta | 88 
cle f : 
12 1.11 0.90 
12-Pole, 2 8.00 0.125 
30-cycle 4 4.00 0 25 
to 6 2.66 0.375 
40-cycle 8 2.00 0.50 
10 1.60 0.625 


Tables XI and XIE—Multipliers to Use When Changing from 
40 to 50 Cycles and from 40 to 60 Cycles with 
the Horsepower Also Changed 
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R. P. M. 
CHANGE PoL rs LINE VoLrs TURNS 
From Circ. MILLS 
AND Hp. 
2-Pole, 4 0.625 1.60 
40-cycle 6 0.416 2.40 
to 8 0.313 3.20 
50-cycle 10 0.250 4.00 
12 0.208 4.80 
4-Pole, 2 2.50 0.40 
40-cycle 6 0.833 1.20 
to 8 0.625 1.60 
50-cycle 10 0.500 2.00 
12 0.416 2.40 
6-Pole, 2 3.75 0.267 
40-cycle 4 1.875 0.533 
to 8 0.938 1.07 
50-cycle 10 0.750 1.33 
12 0.625 1.60 
8-Pole, 2 5.000 0.200 
40-cycle 4 2.50 0.400 
to 6 1.667 0.600 
50-cycle *10 1.000 1.000 
12 0.833 1.200 
10-Pole, 2 6.25 0 160 
40-cycle 4 3.125 0.320 
to 6 2.08 0.480 
50-cycle 8 1.56 0.640 
12 1.04 0.960 
12-Pole, 2 7.50 0.133 
40-cycle 4 3.75 0.266 
to 6 2.50 0.400 
50-cycle 8 1 875 0 533 
10 1.500 0.667 
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R. P. M. 
CHANGE PoLES LINE Vorrs TURNS 
From Circ. MILs 
AND Hp 

2-Pole, 4 0.750 1.33 
40-cycle 6 0.500 2.00 
to 8 0.375 2.67 
60-cycle 10 0.300 3.33 
12 0.250 4.00 
4-Pole, 2 3.000 0 333 
40-cycle *6 1.000 1.000 
to 8 0.750 1.33 
60-cycle 10 0.600 1.667 
12 0.500 2.000 
6-Pole, 2 4.50 0.222 
40-cycle 4 2.25 0.444 
to 8 1.125 0.89 
60-cyele 10 0.900 1.11 
12 0.750 1.33 
8-Pole, 2 6 000 0 167 
40-cycle 4 3 000 O 334 
to 6 2.000 0.500 
60-cycle 10 1.200 0.833 
*12 1.000 1.000 
10-Pole, 2 7.500 0.133 
40-cycle 4 3.750 0.266 
to 2.500 0.400 
60-cycle 8 1.875 0 533 
12 1.250 0 800 

12-Pole, 2 9 000 0.111 
40-cycle 4 4.500 O 222 
to 6 3.000 0 333 
60-cycle 8 2.250 0 444 
10 1.800 0.555 


*Indicates that the winding can be reconnected and will operate at the same rating on the 


new frequency. 
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and the horsepower kept constant, a 
corresponding change in the cross 
section of copper must be made by 
reconnecting or rewinding the sta- 
tor, as it is seldom possible to ob- 
tain such odd voltages as 278 as re- 
quired in the above case. Then the 
only remedy is to vary the turns per 
coil or phase. 

Change No. 2—The next change to 
consider is one where it is desired to 
change the cycles and keep the speed 
the same, allowing the horsepower to 
vary. Tables IV to XII are to be 
used for this type of change. 

Consider a 40 cycle to 50 cycle 
change, the 40-cycle rating being 
25 hp., 220 volts, three-phase, eight- 
pole, 600 r.p.m. On consulting Table 
I, 60-cycle column, we find that for 
600 r.p.m. on 60 cycles a twelve-pole 
winding is required. From Table 
XII and the 40 cycle to 60 cycle 
change, we find in the 40-cycle, 
eight-pole section on the twelve-pole, 
60-cycle horizontal line that the mul- 
tiple for the hp., speed, line voltage, 
turns per phase or coil and circ. 
mils, is 1. This means that the 40- 
cycle winding, size of wire and 
turns is satisfactory for 60 cycles, 
at the same speed. The only other 
item requiring checking is the coil 
pitch. The 40-cycle winding is 


Table XIII—Multipliers to 
Use When Changing from 
50 to 60 Cycles With the 
Horsepower Also Changed 
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Indicates that the winding can be re- 
connected and will operate at the same 
rating on new frequency. 
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8-pole; there are seventy-two coils 
and slots, pitch l-and-8, or two slots 
under full pitch. The 60-cycle wind- 
ing requires twelve poles. Pitch 
for twelve poles should be 72 ~ 12 
equals 6 or l-and-7 for full pitch. 
Then as the present coil is 1-and-8, 
it would be one slot over pitch for 
the twelve-pole winding, but as over 
pitch has the same effect as under 
pitch, the 40-cycle winding can be 
used without any change being made 
in the motor. The effect of one slot 
difference will not affect the per- 
formance to any extent. 

This change brings up another 
point that must be considered; that 
is, the coil pitch, when making a 
change in the number of poles. The 
pitch must never be less than 50 per 
cent of full pitch, and in some cases 
it might be possible to change the 
consequent poles by reconnecting 4 
to 8, 6 to 12 poles, etc. But when 
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the low pole winding is full pitch, 
it is impossible to double the poles 
by reconnecting for consequent 
poles, as the two halves of the coils 
in each slot will neutralize each 
other. For the best results the low 
pole coil pitch should be 70 to 50 
per cent of full pitch as 50 per cent 
pitch would be 100 per cent or full 
pitch for twice the number of poles. 
Therefore, with this type of change 
it may be necessary to spring the 
coils back or rewind with new coils 
to get the proper pitch. When re- 
winding for a larger or smaller 
number of poles be sure to use the 
same percentage of coil pitch in the 
new winding as was used in the 
old one. 

Tables IV to XII are worth study- 
ing as they show a number of pos- 
sible changes. For instance, Table 
XII, 40 to 60 cycles, in the 40-cycle, 
four-pole section we find that at 60 
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cycles and six poles the hp. etc., is 
the same. The only item to check is 
the coil pitch. With the two-pole 
winding, the hp., etc., will be three 
times the 40-cycle rating, as it is 
possible to increase or decrease the 
rating by the right number of poles 
on the new frequency. 

Consider another speed and cycle 
change. Take a 30 cycle to 40 cycle 
change, the 30-cycle rating being 10 
hp., 110 volts, two-phase, four-pole, 
900 r.p.m. The nearest 40-cycle 
speed is 800 r.p.m. On the six-pole, 
40-cycle line (Table X), we find that 
the hp. will be 10 X .89 or 8.9 hp. 
and that the stator will have to be 
rewound with 1.125 times the 30- 
cycle turns and .89 times the 30- 
cycle circ. mils, or if desired, the 
horsepower could be kept constant 
as will be explained later. 

Change No. 8—Tables IV to XII 
and XVI to XXV are arranged for 


Table XIV—Multipliers to Use When Raising || Table XV—Multipliers to Use When Lower- 
ing Cycles and Speed with the Horsepower 
Remaining the Same 


Cycles and Speed with the Horsepower 
Remaining the Same 


IN CYCLES 
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25 to 30 1.2 1.0 1.0 
25 to 40 1.6 1.0 1. 
25 to 50 2.0 1.0 1. 
25 to 60 2.4 1.0 1. 
30 to 40 1. 33 1.0 1. 
30 to 50 1.68 1.0 1. 
30 to 60 2.00 1.0 1. 
40 to 50 1.25 1.0 1. 
40 to 60 1.50 1.0 1. 
50 to 60 1.20 1.0 1.099 


Table XVI—Multipliers to Use When Chang- 
ing from 25 to 60 Cycles with the Horse- 
power Remaining the Same 


1.099 .916 60 to 25 
1.26 . 790 60 to 30 
1.414 707 60 to 40 
1.55 646 60 to 50 
1.15 . 864 50 to 25 
1.28 .771 50 to 30 
1.414 707 50 to 40 
1.12 896 40 to 25 
1.22 813 40 to 30 
1.099 916 30 to 25 
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Table X VII—Multipliers to Use When Chang- 
ing from 25 to 50 Cycles with the Horse- 
power Remaining the Same 


CHANGE Hr. Linz Circ. TURNS CHANGE |Poves| R.P M. 
From VoLTS MILs. Fro 
2-Pole 4 1.2 1.0 1.099 1.099 0.916 2-Pole 4 1.0 
25-cycle | 6 0.80 1.0 0.894 0.894 1.115 || 25-cycle| 6 0 667 
Pav 9 os 14.0 0603 | 0.693 1.443 || sosele] 10 | 400 
cl 10 0.48 1. i ; ; cle l 
12 0.40 1.0 0.632 0.632 1.580 12 0.33 
4-Pole, 2 4.80 1.0 2.186 2.186 0.457 4-Pole, 2 0.40 
25-cycle 6 1.60 1.0 1.260 1.260 0.790 || 25-cycle 6 1.33 
„e. % 38 | ES | 388 | gzel $85 eogal ab) 988 
cl 0 96 f f i : ycle l 
5 2 0.80 1.0 0.894 0.894 1.118 12 0.667 
6-Pole, 2 7.20 1.0 2.682 2.682 0. 373 6-Pole, 2 6.0 
25-cycle 4 3.60 1.0 1.898 1.898 0.526 || 25-cycle 4 3.0 
to 8 1.80 1.0 1.342 1.342 0.746 to 8 1.5 
60-cycle | 10 1.44 1.0 1.200 1.200 0.833 || 50-cycle | 10 1.2 
12 1.20 1.0 1.099 1.099 0.916 12 1.0 
8-Pole, 2 9.60 1.0 3.100 3.100 0.322 8-Pole, 2 8.0 
25-cycle 4 4.80 1.0 2.186 2.186 0.457 || 25-cycle 4 4.0 
to 6 3.20 1.0 1.789 1.789 0.558 to 6 2.667 
60-cycle | 10 1.92 1.0 1.386 | ` 1.386 0.722 || 50-cycle | 10 1.60 
12 1.60 1.0 1.260 1.260 0.790 12 1.30 
10-Pole, 2 12.00 1.0 3.46 3.46 0.288 || 10-Pole, 2 10.00 
25-cycle 4 6.00 1.0 2.45 2.45 0.408 || 25-cycle 4 5 00 
to 6 4.00 1.0 2.00 2. 00 0. 500 to 6 3.33 
60-cycle 8 3.00 1.0 1.73 1.73 0.576 || 50-cycle 8 2 50 
12 2.00 1.0 1.414 1.414 0.707 12 1.667 
12-Pol 2 14.40 1.0 3.789 3.789 0. 264 || 12-Pole, 2 12.00 
25-cycle 4 7.20 1.0 2.682 2.682 0.373 || 25-cycle 4 6.00 
to 6 4.80 1.0 2.186 2.186 0.457 to 6 4.00 
60-cycle 8 3.60 1.0 1.898 1.898 0.526 || 50-cycle 8 3.00 
10 2.88 1.0 1.698 1.698 0.587 10 2.40 


Hp. LINE Cire TURNS 
VoLts MILs 

1.0 0 1.0 1.0 

1.0 0.817 0.817 1.225 
1.0 0.707 0.707 1.414 
1.0 0.632 0.632 1.58 

1.0 0 574 0.574 1.74 

1.0 0.632 0.632 1. 58 

1.0 1. 153 1. 153 0.868 
1.0 1.0 1.0 1.0 

1.0 0.894 0.894 1.115 
1.0 0.817 0.817 1.125 
1.0 2.45 2.45 0.408 
1.0 1.73 1.73 0.576 
1.0 1.225 1,225 0.816 
1.0 1.099 099 0.916 
1.0 1.0 1.0 1.0 

1.0 2. 828 2. 828 0.354 
1.0 2.000 2.000 0.500 
1.0 1.634 1.634 0.613 
1.0 1.260 1.260 0. 790 
1.0 1. 140 1. 140 0. 877 
1.0 3 162 3.162 0.316 
1.0 2.236 2.236 0.446 
1.0 1.825 1.825 0.548 
1.0 1.581 1.581 0.633 
1.0 1.292 1.292 0.776 
1.0 3.460 3.460 0.288 
1.0 2.450 2.450 0.408 
10 2.000 2.000 0.500 
1.0 1.732 1.732 0.576 
1.0 1.549 1.549 0.645 
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use in making a combined cycle and 
speed change. The first column 
gives the original cycles, poles two 
to twelve, and each pole section is 
divided into five horizontal sections. 
Each line represents a new pole 
grouping at the required frequency. 
It will be noticed that the number 
of poles used in the first column is 
not repeated in the second column of 
the same section. The remaining 


Table XVIII—Multipliers to Use When Chang- 
ing from 25 to 40 Cycles with the Horse- 
power Remaining the Same 
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columns give a multiple to get the 
required results. In Tables IV to 
XIII the number in the third col- 
umn indicates what the speed and 
horsepower would be at the new 
cycles and poles, also what the line 
voltage should be. If the line volt- 
age can not be varied then the turns 
in the old winding must be varied, 
according to the fourth column. The 
circ. mils also change as shown in 
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the proper column. The above also 
applies to Tables XVI to XXV. 
Now consider this third type of 
change; that is, changing cycles and 
speed, but the horsepower remain- 
ing constant. In order to accomp- 
lish this the torque must be in- 
creased when the speed is decreased 
or vice versa. This is done by chang- 
ing the voltage or turns in the cor- 
rect amount. Tables XIV and XV 


Table XIX—Multipliers to Use When Chang- 
ing from 25 to 30 Cycles with the Horse- 


power Remaining the Same 


CHANGE |PoLes| R. P. M. Hp. LINE CIRC. TURNS CHANGE |POLES 
FROM VoLtTs MILs. From 
2-Pole, 4 0.800 1.0 0 894 0 894 1.115 2-Pole, 4 0.60 1.0 0. 1. 
25-cycle 6 0.533 1.0 0.730 0.730 1.369 25-cycle 6 0.40 1.0 0. 1. 
to 8 0.400 1.0 0 632 0 632 1.580 to 8 0.30 1.0 0. 1. 
40-cycle | 10 0.320 1.0 0.566 0.566 1.765 30-cycle | 10 0.24 1.0 0 2. 
12 0.267 1.0 0.517 0.517 1.936 12 0.20 1.0 0. 2. 
4-Pole, 2 3.200 1.0 1.789 1.789 0.558 4-Pole, 2 2.40 1.0 1.549 1. 0. 
25-cycle 6 1.070 1.0 1.034 1 034 0.967 25-cycle 6 0.80 1.0 0.894 O. 1. 
to 8 0.800 1.0 0.894 0.894 1.115 to 8 0.60 1.0 0.775 O. 1. 
40-cycle 10 0.640 1.0 0.800 0.800 1.250 30-cycle 10 O 48 1.0 0.693 0 1. 
12 0.530 1.0 0.728 0.728 1.372 12 0.40 1.0 0.632 0. 1. 
6-Pole, 2 4.800 1.0 2.186 2.186 0.457 6-Pole, 2 3.60 1.0 1.898 1.898 O 526 
25-cycle 4 2.400 1.0 1 549 1 549 0.645 25-cycle 4 1.80 1.0 1.342 1 342 0.746 
to 8 1.200 1.0 1.099 1.099 0.916 to 8 0.90 1.0 0.948 0.948 1.053 
40-cycle 10 0.960 1.0 0 980 0.980 1.020 30-cycle 10 0.72 1.0 0.848 O 848 1.178 
12 0.800 1.0 0.894 0.894 1.115 12 0.60 1.0 0.775 0.775 1.291 
& Pole. 2 6. 400 1.0 2.529 2.529 0 398 8-Pole, 2 4.80 1.0 0.457 
25-cycle 4 3.200 10 1.789 1.789 0.558 25-cycle 4 2.40 1.0 0.645 
to 6 2.120 1.0 1.456 1.456 O 686 to 6 1.60 1.0 0.790 
40-cycle 10 1.280 1.0 1.131 1.131 0.884 30-cycle 10 0.96 1.0 1.020 
12 1.130 1.0 1.063 1.063 0 942 12 0.80 1.0 1.115 
10-Pole, 2 8.000 1.0 2. 828 2 828 0 354 10-Pole. 2 6. 00 1.0 0.408 
25-cycle 4 4.000 1.0 2.000 2 000 0.500 25-cycle 4 3.00 1.0 0.576 
to 6 2.670 1.0 1.634 1 634 0.613 to 6 2.00 1.0 0.707 
40-cycle 8 2.000 10 1.414 1 414 0. 707 30 cycle 8 1.50 1.0 0.813 
12 1.330 1.0 1.153 1.153 0.868 12 1.00 1.0 1.000 
12-Pole, 2 9 600 1.0 3.100 3.100 O 322 12-Pole, 2 7.20 1.0 0.373 
25-cycle 4 4.800 1.0 2.186 2 186 0.457 25-cycle 4 3.60 1.0 0.526 
to 6 3 200 1.0 1.789 1 789 0.558 to 6 2.40 1.0 0.645 
40-cycle 8 2.400 1.0 1.549 1 549 0.645 30-cycle R 1.80 1.0 0 746 
10 1.920 1.0 1 386 1 386 0.722 10 1.44 1 0 0.833 
Table XX—Multipliers to Use When Chang- || Table XXI—Multipliers to Use When Chang- 
ing from 30 to 60 Cycles with the Horse- ing from 30 to 50 Cycles with the Horse- 
power Remaining the Same power Remaining the Same 
— —— . — n —— — — — —ñù 
CRHANOE |Poues| R. P. M. Hp. LINE Circ. TuRNS CrancE |PoLtes| R. P. M. Hp. LINE Circ. TURNS 
FRO VoLTS MILs. From VOLTS MILs. 
2-Pole, 4 1.000 1.0 1.000 1 000 1 000 2-Pole, 4 0 833 1.0 0 912 0.912 1.094 
30-cycle 6 O 667 1.0 O 817 0.817 1.225 30-cycle 6 0.555 1.0 O 744 0.744 1.340 
to 8 0.500 1.0 0.707 0.707 1.414 to 8 0.416 1.0 0.645 0.645 1.550 
60-cycle 10 0 400 1.0 0 632 0 632 1.580 50-cycle 10 O 338 1.0 O 581 O 581 1.718 
12 0.330 1.0 0.574 0.574 1.740 12 0.278 1.0 0.527 0.527 1.890 
4-Pole, 2 4.00 1.0 2.000 2.000 0 500 4-Pole. 2 3.380 1.0 1.838 1.838 0.544 
30-cycle 6 1 33 1.0 1.150 1.150 O 864 30-cycle 6 1.100 1.9 1.048 1.048 0.952 
to 8 1.00 1.0 1.000 1.000 1 000 to 8 0.833 1.0 0.912 0, 912 1.094 
60-cycle 10 0.80 1.0 0 891 0.894 1.115 50-cycle 10 0 667 1.0 0.817 0.817 1.225 
12 0.67 1.0 0.818 0.818 1.220 12 0.555 1.0 0.744 0.744 1.340 
6-Pole, 2 6 00 1.0 2. 450 2 450 0.408 6-Pole, 2 5.000 1.0 2.236 2. 236 O 446 
30-cycle 4 3.00 1.0 1.732 1.732 0.576 30-cycle 4 2 500 1.0 1. 581 1.581 0 633 
to 8 1.50 1.0 1.220 1. 220 0 813 to 8 1.250 1.0 1.120 1 120 0.896 
60-cycle 10 1.20 1.0 1.099 1.099 0.916 50-cycle 10 1 000 1.0 1.000 1.000 1.000 
; 12 1.00 1.0 1.000 1.000 1.000 12 0.833 1.0 0.912 0.912 1.094 
Pole. 2 8 00 1.0 2 828 2 828 0 354 8- Pole. 2 6 67 1.0 2.582 2 582 0.387 
30-cycle 4 4.00 1.0 2.000 2 000 0 500 30-cycle 4 3 38 1.0 1.838 1.838 0 543 
to 6 2.67 1.0 1.634 1 634 0.613 to 6 2 22 1.0 1.489 1.489 0 670 
60-cycle 10 1.60 1.0 1.260 1.260 0 790 50-cycle 10 1.33 1.0 1.150 1.150 O 864 
12 1.30 1.0 1.140 1.140 0.877 12 1.11 1.0 1.054 1.054 O 949 
10-Pole, 2 10 00 1.0 3.162 3.162 0 316 10-Pole, 2 8.33 1.0 2.707 2 707 0.325 
30-cycle 4 5.00 1.0 2 236 2 236 0.446 30-cycle 4 4 16 1.0 2.039 2 039 0 490 
to 6 3.33 1.0 1 825 1.825 0.548 to 6 2.78 1.0 1.667 1.667 0 600 
60-cycle 8 2.50 1.0 1 581 1 581 0 633 50-cycle 8 2.08 1.0 1.442 1.442 0.693 
12 2.30 1.0 1.516 1.516 0.659 12 1.39 1.0 1.179 1.179 0.848 
12-Pole, 2 12 00 1.0 3.460 3 460 0.288 12-Pole, 2 10 00 1.0 3 162 3 162 0 316 
30-cycle 4 6.00 1.0 2 450 2 450 0 408 30-cycle 4 5.00 1.0 2 236 2 236 0.446 
to 6 4.00 1.0 2.000 2 000 O 500 to 6 3.33 1 0 1 825 1. 825 O 548 
60-cycle 8 3.00 1.0 1.732 1.732 0 576 §0-cycle 8 2.50 1.0 1.581 1.581 0 633 
10 2.40 10 1.549 1.549 O 645 10 2.00 1.0 1.414 1.414 0.707 
a a E on I d a a Oe 
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give the multiple for each factor. 
Table XIV on the 30- to 60-cycle 
line, indicates that a 30-cycle motor 
to operate on 60 cycles will have 
the speed increased 100 per cent and 
to keep the horsepower the same the 
60-cycle line voltage must be 1.414 
times the 30-cycle voltage. If the 
voltage can not be varied then the 
turns will have to be .707 times the 
30-cycle turns and the copper cross 


Table XX]IJ—Multipliers to Use When Chang- 
ing from 30 to 40 Cycles with the Horse- 
power Remaining the Same 
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section 1.414 times the 30-cycle 
cross section of copper. Table XV 
can be used in the same way. 
Change No. 4—The next type of 
change requires that the horsepower 
be kept constant and that the speed 
be kept as near as possible to the 
same value. Tables XVI to XXV 
give values for this type of change. 
Consider a 15-hp., 220-volt, three- 
phase, 25-cycle, 750-r.p.m. motor 
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which it is desired to use on a 60- 
cycle, 220-volt line, and on an appli- 
cation that only requires 15 hp. On 
consulting Table XVI in the four- 
pole, 25-cycle section, we find an 
eight- or ten-pole winding can be 
used on 60 cycles. The eight-pole, 
60-cycle winding r.p.m. will be 
750 X 1.2 or 900 and the ten-pole 
will be .96 X 750 or 720 r.p.m. With 
a ten-pole, (Continued on page 211) 


Table XXIII — Multipliers to Use When 
Changing from 40 to 50 Cycles with the 
Horsepower Remaining the Same 
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CHANGE |PoLes| R. P. XI. Hp. LINE 
From VoLts 
2-Pole, 4 0.667 10 O 817 
30 eyele 6 0 444 10 0 666 
to 8 O 338 1.0 0 581 
40 cycle 10 O 267 1.0 0.517 
12 O 222 1.0 0 471 

4-Pole, 2 2 67 1.0 1 634 
30-cycle 6 0.89 1.0 0 943 
to 8 O 667 1.0 0.817 
40-cycle 10 0.533 1.0 0.730 
12 0.444 1.0 0.666 

6-Pole, 2 4.000 10 2 000 
30-cycle 4 2.000 10 1.414 
to 8 1 000 1.0 1 000 
40-cycle 10 O 800 1.0 0 894 
12 0.667 1.0 0.817 

8-Pole, 2 5.33 1.0 2.308 
30-cycle 4 2.685 1.0 1.637 
to 6 1.78 10 1.334 
40-cycle 10 1.06 1.0 1.029 
12 0.89 1.0 0 943 

10-Pole, 2 6.67 1.0 2 582 
30-cycle 4 3 38 1.0 1.838 
to 6 2.22 1.0 1 489 
40-cycle 8 1 667 10 1 292 
12 1.11 10 1.054 

12-Pole, 2 8.0 10 2 282 
30-cycle 4 4.00 10 2 000 
to 6 2.67 1.0 1 634 
40-cycle 8 2 00 1.0 1 414 
10 1 60 1.0 1 260 


Table XXIV—Multipliers to Use When Chang- 
ing from 40 to 60 Cycles with the Horse- | 
power Remaining the Same 


Circ TuRNS CHANGE PoLE AS R. P. XI. 
MILs Frou 
O 817 1.225 2-Pole, 4 0 625 
0 666 1.500 40-cycle 6 0.416 
0.581 1.718 to 8 0.313 
0 517 1 936 50-cycle 10 O 250 
0 471 2.121 — 12 0. 208 
1 634 0.613 4-Pole, 2 2.500 
0.943 1.059 40-cycle 6 0.833 
0.817 1.225 to 8 0.625 
O 730 1.369 50-cycle 10 0.500 
O 666 1.500 12 0.416 
2.000 0.500 6-Pole, 2 3 750 
1.414 0.707 40-cycle 4 1.87: 
1 000 1.000 to 8 0.938 
0.894 1.115 50-cycle 10 0 750 
0.817 1.225 12 0.625 
2 308 0. 433 & Pole. 2 5. 000 
1.637 0 609 40 cycle 4 2 500 
1.334 0.749 to 6 1.667 
1.029 0.970 50-eycle 10 1.000 
0.943 1.059 12 0.833 
2.582 O 387 10 Pole, 2 6.250 
1.838 0.543 40-cycle 4 3.125 
1.489 0.670 to 6 2.080 
1.292 0.776 50-cycle 8 1.560 
1.054 0.949 12 1.040 
2 282 0.354 12-Pole, 2 7.500 
2.000 O 500 40 cycle 4 3.750 
1.634 0.613 to 6 2.500 
1.414 0 707 50-cycle 8 1.875 
"1.260 0.790 10 1 500 


Hp. LINE Circ TURNS 
VoLts XIILS 
10 0.789 0.789 1.262 
1.0 0.645 0.645 1.550 
1.0 0 559 0.559 1.786 
10 O 500 0.500 2.000 
1.0 0.456 0.456 2.192 
10 1.581 1.581 0.633 
10 0.912 O0 912 1.094 
1.0 0.789 0.789 1.262 
10 0.707 0.707 1.414 
1.0 0.645 0 645 1.550 
1.0 1.936 1.936 0.516 
1.0 1.369 1 369 0.730 
1.0 O 968 0 968 1.032 
1.0 0.866 O. 866 1.115 
1.0 0.789 0.789 1.262 
1.0 2 236 2.236 0.446 
1.0 1 581 1.581 0.633 
10 1.292 1.292 0.776 
1.0 1.000 1.000 1.000 
1.0 0.912 0.912 1.094 
1.0 2.500 2.500 0.400 
1.0 1.767 1.767 0.568 
1.0 1.442 1.442 0.693 
10 1.249 1.249 0.800 
1.0 1.019 1.019 0.979 
1.0 2.738 2.738 0.365 
1.0 1 936 1 936 0.516 
1.0 1.581 1.581 0 633 
1.0 1. 368 1.368 0.729 
10 1 220 1.220 0.813 
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Table XXV—Multipliers to Use When Chang- 
ing from 50 to 60 Cycles with the Horse- 
power Remaining the Same 


Cranoe |Pores| R. P. XI. Hp. LINE Circ TURNS Cuance Pol. zs R. P. XI. Hp. LIN E Circ TURNS 
From VoLts MILS From VOLTS MILs 

2-Pole, 4 0.750 10 0 866 O 866 1.115 2-Pole, 4 0 600 10 0.775 0.775 1.291 
40-cycle 6 0.500 10 0.707 0.707 1.414 50-cycle 6 0 400 1.0 0 632 0.632 1.580 
to 8 0 375 1.0 0 612 0.612 1 632 to 8 O 300 1.0 0 547 O 547 1.832 
60-cycle 10 0 300 1.0 0.547 0.347 1.832 60-cycle 10 0.240 10 0 490 0.490 2.041 
12 0.250 1.0 0.500 0.500 2 000 12 0 200 1.0 0.447 0.447 2.235 

4-Pole, 2 3 000 10 1.732 1.732 0 576 4-Pole, 2 2 400 1.0 1.549 1.549 0.645 
40-cycle 6 1 000 1.0 1 000 1 000 1.000 50-cycle 6 0 800 10 0 894 0.894 1.115 
to 8 0.750 1.0 0 866 0 866 1.115 to 8 0 600 10 0.775 0.775 1.291 
60-cycle 10 0 600 1.0 0 775 0 775 1.291 60-cycle 10 0 480 1.0 0 693 0.693 1.443 
12 O 500 1.0 0 707 0.707 1.414 12 0 400 1.0 0.632 0 632 1.580 

6-Pole, 2 4.500 1.0 2.121 2.121 0.471 6-Pole, 2 3 600 1.0 1.898 1.898 0 526 
40-cycle 4 2. 250 10 1.500 1 500 0.667 50-cycle 4 1 800 10 1.342 1.342 0.746 
to 8 1.125 10 1 060 1.060 0.942 to 8 0.900 1.0 0.948 0.948 1.053 
60- cycle 10 0.900 10 „ Lecce „60 eyele 10 0 720 1.0 0.848 0.848 1.178 
12 0.750 1.0 O 866 O 866 1.115 12 0 600 10 0.775 0.775 1.291 

8-Pole, 2 6 000 1.0 2.450 2 450 O 408 8-Pole, 2 4.800 1.0 2.186 2.186 0.457 
40-cycle 4 3 000 1.0 1.732 1.732 0.576 50-cycle 4 2 400 1.0 1.549 1.549 O 645 
to 6 2 000 10 1 414 1 414 0 707 to 6 1 600 1.0 1.260 1.260 0.790 
60-cycle 10 1 200 10 1.099 1 099 0916 || 60-cycle | 10 0.960 1.0 0 980 0 980 1.020 
12 1.000 10 1 000 1 000 1 000 12 0.800 1.0 0.894 0.894 1.115 

10-Pole, 2 7 500 1.0 2.738 2.738 0 365 10-Pole, 2 6.000 10 2.450 2.450 0.408 
40-cycle 4 3 750 10 1 936 1.936 0 516 50 cycle 4 3 000 1.0 1.732 1 732 0 576 
to 6 2 500 10 1.581 1.581 0 633 to 6 2 000 10 1414 1 414 0.707 
60-cycle 8 1.875 1.0 1 369 1 369 O 730 60-cycle 8 1 500 1.0 1.220 1.220 O 813 
12 1.250 1.0 1.120 1.120 0.896 12 1.000 1.0 1000 1.000 1.000 

12-Pole, 2 9 000 1.0 3 000 3 000 0 333 12-Pole, 2 7 200 1.0 2 682 2.682 0.373 
40-cycle 4 4.500 1.0 2 121 2 121 0 471 || 50-cycle 4 3 600 1.0 1. 898 1 898 0 526 
to 6 3 000 10 1.732 1 732 0.576 to 6 2 400 1 0 1.549 1.549 0 645 
60-cycle 8° 2 250 10 1500 1 500 0 667 60-cycle 8 1.800 10 1 342 1.342 0.746 
10 1.800 10 1 342 1 342 0 746 : 10 1.440 1 0 1.200 1.200 O 833 
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PEEDS, like styles, 
change periodically, 
sometimes for the better 
and sometimes for the 
worse. It seems that the 
popular trend is toward 
more rapidly-moving machinery. The advocates of 
higher speeds hold out the attractions of increased pro- 
duction and lower first cost. On the other hand, claims 
are made that the resulting lower maintenance and 
reduced production delays from the lower-speed machin- 
ery overbalance the advantages of increased speed. 

In deciding whether increased speeds are justified 
in a particular application, it is well to balance the rela- 
tive advantages as applied to the case in question. This 
brings to mind the case of a billet mill with very high 
roll-table speeds. The purpose of this was to obtain a 
very fast mill. After the mill had been put in operation 
it was found that the table speeds were so high that 
there was excessive slippage of the steel billets on the 
rolls. This meant that the steel did not travel as fast 
as was intended; in fact, when the roll speed was 
reduced, the billet speed was increased. 

There is also recalled the case of a coal bridge with 
a 200-ft. span and a trolley speed of 500 ft. per min. 
This high trolley speed could never be utilized because 
the average travel of the trolley was approximately 100 
ft. and the trolley did not have time to accelerate to 
this speed. Increasing the gear ratio between the motor 
and the track wheels brought about a lower running 
speed, but actually decreased the traveling time of the 
trolley and greatly increased the number of trips made 
during a given time. This was due to the faster accel- 
eration obtained through increasing the gear ratio. 

Still another case may be mentioned—that of a skull 
cracker crane with a runway length of 100 ft. and a 
bridge motion speed of 200 ft. per min. Most of the 
movements made by the crane averaged about 10 ft. of 
travel. Obviously the high bridge speed was of no 
value; in fact, the bridge runway was not long enough 
to get the bridge up to full speed without danger of 
not being able to stop quickly enough to avoid running 
into the bumper at the other end of the runway. 

Such examples as these illustrate the necessity of 


What Do 
Increased Speeds 


Give Us? 


INDUSTRIAL ENGINEER 


Vol.82, No.4 


a very careful analysis of each case in which higher 
speeds are being considered, so that a careful balance 
may be drawn between the factors of production, first 
cost, maintenance and production delays. In many 
cases increased speeds will actually show economies 
and increased earnings, but indiscriminate use of them, 
just as a great many people follow the styles in cloth- 
ing and hair bobbing, are not likely to produce the 
records operating men like to talk about. 


— — — 


O COMPLEX and va- 
ried are the every-day 
jobs of industrial men, 
that some sort of organiza- 
tion for accident prevention 
is imperative. The very 
large plants with many departments spread over wide 
areas have met this issue by establishing safety en- 
gineering organizations. Other establishments are get- 
ting good results through special committees whose 
members supervise or conduct regular inspections and 
prepare reports of findings for discussion by themselves 
and their executives. 

Now a movement is getting under way to turn the 
thinking of maintenance men into safety engineering 
channels. This idea is just as practical as it is bril- 
liant. Such men have “the run of the plant,” which 
removes their activities from the tender zones of inter- 
departmental authority. Since inspection forms such 
an important part of maintenance work in general, it 
would seem that the keen eyes and alert brains of the 
plant engineer’s staff from the “big boss” down might 
well be more generally utilized in this very essential 
field of service. Of all this, more anon, but in the mean- 
time let us be thinking about the fitness of maintenance 
personnel to undertake broader activities, co-operating 
with safety departments and committees where such 
are functioning, and pointing the way toward more 
thorough and systematic inspection in industrial plant 
operation as a whole. 


— e 


Everybody’s 


Business Is 


Nobody’s Business 


INCE manufacturers 

through the Electric 
Power Club standardized 
on one rating for general 
purpose motors, much of 
the confusion resulting 
from two standards of motor ratings has been elimi- 
nated and there should be no further cause for over- 
motoring or under-motoring. Over-motoring is poor 
practice from the industrial engineer’s standpoint 
because it results in putting unnecessary expenditure 
in plant capitalization. Also, in the case of induction 
motors, it results in poor power factor requiring either 
a larger generating and distribution system or else 
power factor corrective apparatus, which necessitates 
a still larger increase in plant capitalization. Under- 
motoring is still worse because it runs up operating 
costs through increased maintenance and repairs and 
cuts down income through decreased production result- 
ing from repairs and delays. 

The factors governing motor applications and the 
traditions concerning what is required for a given 
installation have grown up around the 40-deg. motor. 
The industrial engineer in using any other rating 
governs himself to a large extent by his experience 


Over-Motoring 
and 


Under-Motoring 
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with the 40-deg. motor and consequently many applica- 
tions of 50-deg. motors have resulted in under-motoring 
an installation. 

The adoption of the single standard of motor 
rating represents an economic saving not only to the 
manufacturers in standardization of designs and con- 
struction details, but also to the large number of motor 
users in the savings that will result from reduced plant 
investment and decreased maintenance due to correct 
motor applications. 


ERE’S a common- 

sense viewpoint that 
is worthy of some study. 
It is taken from the intro- 
duction of a sales bulletin, 
of an electrical instrument 
manufacturer, that says little about the instruments but 
much about the ways they can be used in industrial work 
to locate weak spots, to detect avoidable losses and to pre- 
vent troubles. Its obvious purpose is to sell instruments, 
but the way it goes about it reflects a knowledge of 
the operator’s problems and carries the conviction that 
when the operator realizes what he can accomplish with 
them, his good judgment will either dictate the purchase 
or open negotiations leading thereto without a flowery 
dissertation on the excellence of design and the usual 
sales verbiage that carries little practical information 
but much display of expensive and complicated illustra- 
tions and general talk. 


As a nation we are reputed to be the keenest manu- 
facturers on the globe and certain it is that when we buy 
raw materials or anything else entering into the cost of 
our products. we display unusual caution and intelligence. 
If this be so, why is it that the same degree of supervision 
as to cost and efficiency has not been generally applied to 
the purchase and use of electrical energy and electrical 
equipment ? 

The only conceivable answer is that the opportunities 
for saving have not been understood or else the subject 
has not been carefully studied; for it is obvious that elec- 
trical power costs money to generate and distribute and 
that like any other commodity it is susceptible to waste if 
not properly utilized. Furthermore, our knowledge of fac- 
tory equipment in general convinces us that mechanical or 
electrical equipment must be kept in the most ideal con- 
dition if we desire to prolong its life and make it do the 
maximum amount of useful work. 


The preceding remarks have a direct bearing upon the 
question of profits, for it is well known that there are two 
ways of increasing profits: one being to increase selling 
prices without additional manufacturing costs; the other, 
and more satisfactory method, being that of reducing man- 
ufacturing costs while maintaining usual selling prices, thus 
avoiding encouragement of competition. And it is with this 
latter method that the following pages deal. 


Lest you say to yourself that our remarks are merel 

a cloak to conceal the fact that we eventually hope to sell 
you some testing instruments, we at once proceed to remove 
any doubt on that score by acknowledging that our case 
is exactly like your own in that we are in business to sell 
the products which we manufacture. However, we wish to 
emphasize this significant fact: namely, that we do not 
want to sell without rendering service and for every sale 
we make of the apparatus referred to in this book, our 
profits shall be reasonable and made only once, whereas 
your profit derived through its use by saving energy and 
protecting your electrical equipment, should annually be 
more than tenfold ours and should continue indefinitely. 


Most pieces of literature produced by a manufac- 
turer dealing with the products he makes and sells are 
interesting reflections of the way readers do not use 
that literature. The general impression that the usual 
catalog gives is that the user and buyer of the apparatus 
needs an equipment dictionary which he can consult, 
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with competitive sales information on how good the 
material or equipment is and information to prove that 
everybody is using it. How, where and why the product 
is used are points left to the imagination. And yet 
answers to questions on how, where and why are the 
points around which discussions revolve when talking 
with a prospective buyer on his home ground, where the 
practical problems of a job to be done that needs this 
or that piece of apparatus forces answers to these ques- 
tions. 

Moreover, a good answer to the why will often sug- 
gest an answer to the how and where in the mind of the 
user because he has the everyday problem of improving 
operations, installing new ones, avoiding troubles and 
reducing existing costs. He usually knows where to 
direct his attention but on how and why he should 
use something new or different, there is a wide oppor- 
tunity for difference of opinion and a whole lot of con- 
versation. Out of this the manufacturer wins or loses 
a customer. If he has a good argument on his side in 
answer to the why of the problem and it will save money 
or improve operation the chances for a sale are good. 
But when the silent salesman in the form of a bulletin 
says nothing or little about the how, where and why, 
it’s just a piece of printed matter for which most of us 
have little more than a flying glance. 


— — 


RDINARILY it is 
good policy to obey 

orders, or be able to show 
very good reasons for not 
doing so. However, when 
— — — guch orders conflict with 
the teachings of experience, the man to whom the in- 
structions have been given is confronted with a situ- 
ation which requires much tact and good judgment for 
its solution. The manner in which the foreman in 
charge of the installation and maintenance of lineshafts 
and other power service equipment handles such situ- 
ations was recently told by the electrical engineer of a 
large works. 

“Often during our rush season it is necessary to 
rearrange machines or put up new lineshafts and coun- 
tershafts. Frequently these are intended to be only 
temporary installations and it is very important to get 
them into operation as soon as possible—for every hour 
may mean a heavy loss in production—but I can’t get 
John to do anything except a first-class job. I have 
given him the strictest orders to hurry things through, 
and I have threatened him with all sorts of penalties, 
but it doesn’t do any good. He doesn’t argue about it, 
but I can’t force him to turn over the job until every- 
thing is properly lined up and in good shape. For him, 
temporary installations simply do not exist—and he is 
absolutely right!” . 

So-called temporary installations have their place, 
of course, but unless they have been put in to meet an 
emergency and are removed or revamped after they 
have served that particular purpose they assume the 
status of permanent, poorly-aligned, power-wasting in- 
stallations of lineshafts, chains, gears and all of the 
other elements of power drives. The few dollars that 
may be saved by doing a hurried, slipshod job of instal- 
lation are soon wasted by the friction and other losses 
—and then these losses must be paid out of the profits 
of the business. 


When Temporary 


Installations 
Become Permanent 
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Who Can Answer 
These? 


Removing Flange Couplings from Line- 
shafttmg—In the rearrangement of 
a group of machines, it was neces- 
sary to remove some solid pulleys 
from a lineshaft and replace them 
with others. This necessitated re- 
moving and replacing the flange 
couplings. We were not able to re- 
place them so that they would run 
true and had to turn them down. 
would like to know how other read- 


ers remove and replace flange coup- 


lings on lineshafts. 
North Chicago, Ill. 

x * * * 

Meaning of Motor Nameplate Data— 

Can some reader tell me what “Open 
Hp. 10, Amps. 75,—Closed Hp. 5%, 
Amps. 43,” means in the case of a 
General Electric, d. c., compound- 
wound motor which has the follow- 
ing nameplate data: No. 95790, Form 
B, Speed 650, Volts 115, Open Hp. 
10, Amps. 75—Closed Hp. 5%, Amps. 
43. Pat'd Feb. 14-88 up to Jan. 
31-99. 
Mazatlan, Sinaloa, Mex. J. C. L. 

„ „ „ „* 


Supporting Load from Conerete Ceil- 
ing—In the rearrangement of the 
plant with which I am connected, we 
frequently find it necessary to sus- 
pend conveyors, motor platforms, 
countershafts, heavy radiators, and 
similar equipment from the ceiling of 
a reinforced concrete building. I 
am wondering if any of the readers 
of INDUSTRIAL ENGINEER have any in- 
formation on how heavy a load can 
be supported from expanded bolts. 
I would also like to find out what 
other readers consider the best 
method of fastening equipment to 
the ceiling. 
Chicago, III. E. D. F. 

k „ k > 

Does Voltage Above Normal Affect 
Power Bill? — We buy power from a 
local power company at a line volt- 
age of 13,000 volts. The voltage in 
the plant is supposed to be 550, but 
we have an average voltage of 640 
to 700. Our motors are of the induc- 
tion type, ranging from Mo to 50 hp. 
Will there be any loss of power with 
the voltage higher than normal? If 
so, what will it amount to? When 
the voltage jumps from 620 to 700 
our indicating wattmeter will rise 
around 200 watts. Will this increase 


G. F. H. 


question that you can 
answer from your ex- 
perience. yj 


the reading of our kw.-hr. meter in 
proportion, or what per cent will it 


be? I have been checking very 
closely the power consumed and find 
that when we have high voltage the 
power runs higher also. I shall be 
very grateful for any information 
you can give me. 

Rock Hill, S. C. L. W. M. 


R k & * 


Why Do Grounds Not Blow Fuses in 
Power House? — It always takes two 
grounds of opposite polarity to make 
a short circuit. In cities or in large 
industrial plants where there is much 
conduit work, there must be grounds. 
If there is a ground on the negative 
side of one building and a ground on 
the positive side of another, why 
would these not blow the main fuse 
or open the breaker in the power 
house? Again, under the conditions 
shown in the diagram, when testing 


Generator $ 


out building C, would it not be pos- 

sible to obtain results which would 

make one think that there is a ground 

somewhere in this building whereas 

it is located in building A or B? 

Worcester, Mass. F. R. B. 
„ k * * 


Trouble with Single- Phase Induction 
Motor — Can some of the readers of 
INDUSTRIAL ENGINEER tell me what is 
the matter with a small, single-phase 
induction motor which fails to start 
when the switch is closed? Both the 
main and starting windings and the 
centrifugal switch have been tested 
and seem to be all right. After clos- 
ing the line switch and giving the 
rotor a quick start by means of a 
string, the rotor will sometimes 
quickly come to a stop, or apparently 
lock. Then, possibly the next time 
the switch is closed the motor will 
start from rest and run normally. 
This is a standard make of four-pole, 
60-cycle, 110-volt motor. I shall cer- 
tainly appreciate any suggestions you 
can give me as to what is the trouble 
and how it can be remedied. 
Uhrichsville, Ohio. R. F. P. 
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Questions (eat, eee : 


and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when_he asks a 
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Answers Received 
To Questions Asked 


Portable Electric Grinder Lacks Power 
—I shall appreciate it if some of our 
readers will answer the following 
questions. I have a single-phase 
portable grinder which has two wind- 
ings, starting and running, but the 
motor does not seem to have suffi- 
cient power when grinding. I should 
like to know if this motor could be 
re-connected for three-phase opera- 
tion, eliminating the automatic cut- 
out on the rotor. The motor has 
twenty-four slots 5g in. deep and 946 
in. wide. The iron back of the slots 
is % in. thick. Inside diameter of 
stator is 3% in., length of stator 2% 
in., diameter of rotor 34%, in. If this 
change is possible, what size wire and 
how many turns should be used and 
what will the pitch be? I should like 
to have it operate at 3,600 r.p.m. 

I have a small blower motor which 
operates at 220 volts direct current, 
and wish to change it to operate at 
110 volts direct current. Will I have 
to reconnect the armature or should 
it be entirely rewound? The commu- 
tator has twenty-four bars and the 
armature has twelve slots. 

Medina, Ohio. F. N. 


Answering C. F. N.’s question in 
the February issue, a single-phase 
motor when rewound for three-phase 
operation at the same voltage, speed 
and frequency will develop about 11% 
times the original, single-phase hp. 
rating. Therefore, the motor in 
question would develop more torque 
and horsepower on three-phase. An- 
other advantage of the three-phase 
over the single-phase motor is the 
elimination of the cutout switch in 
the starting circuit. Considerable 
trouble is experienced with these 
switches sticking and not opening 
the circuit; this burns out the start- 
ing winding and very often the run- 
ning winding is also ruined. It is 
2 well-known fact that a polyphase 
motor is more efficient and gives less 
trouble than a single-phase motor. 

The motor in question will be good 
for 34 hp. at 3,600 r.p.m. when 
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wound for two poles and operated on 
a three-phase, 60-cycle, 110-volt cir- 
cuit. There will be twenty-four two- 
layer mush coils, each coil having 
sixteen turns of one No. 17 single- 
cotton and enamel-covered magnet 
wire, pitch 1 and 8, connected series- 
star, four coils per group with six 
groups. For 220 volts, use thirty- 
two turns of one No. 20 silk-covered 
and enameled wire, 1 and 8 pitch, 
with the coils connected series-star. 

If possible to do so, L would use a 
No. 16 wire; this will increase the 
overload capacity. If high torque is 
required, use fourteen turns of No. 
16 single-cotton and enameled wire 
with the coils connected series-star 
for 110 volts. The rotor is OK and 
will stand 3,600 r.p.m., but be sure 
that it is well balanced mechanically. 


Detroit, Michigan. A. C. ROE. 
* * * * 


Protecting Wires from Mechanical In- 
jury — How should the 5-ft. stretch of 
wire from floor to switch, shown in 
the accompanying diagram, be run 
for proper protection from mechani- 
cal injury? Knob and tube work is 
used throughout on this job, and the 
wire in question is to be installed in 
an unfinished stairway leading to a 


‘cellar. There is no partition through 
which to fish the wire. Further, when 
the wall of the stairway is finished 
it is to be back-plastered; so there 
will be no partition even then. I shall 
appreciate it if some reader can tell 
me the best way to meet the above 
conditions. 
Concord, Mass. D. F. 

In reply to D. F.’s inquiry in the 
February issue of INDUSTRIAL EN- 
GINEER, the accompanying sketch 
shows a different method of wiring 
to accomplish the desired results. 

In this arrangement only two 
soldered and taped joints are re- 
quired to the feed lines, instead of 
four. Further, in case of an acci- 
dental short across the contacts of 
either three-way switch no fuse will 
blow or short circuit in the supply 
line. 

The single wire connection from 
the three-way switch at the door to 
the light may be a No. 14 single-con- 
ductor, armored flexible cable, which 
is about %s-in. in diameter. If this 
is too large or for some other reason 
objectionable, a No. 14 rubber-cov- 
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ered wire may be pulled through a 
small, annealed copper or brass tube. 
If this is not feasible a single-con- 
ductor, braided copper insulated 
wire with flexible sheathing, as used 
in automobile wiring, can be used. 


ll0 Volts A.C. 
Light 


Single Conductor 
Armored Cable 


3Way Switch 3 Way Switch 


Use of single-conductor armored 
cable in place where wire is ex- 
posed to mechanical injury. 


This is about As- in. in diameter and 


is designed for carrying a low am- 


perage current. E. H. LAABS. 


Engineering Dept., 
The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 


* * * * 

Determining Charging Rate for Stor- 
age Battery — Can any of the readers 
of INDUSTRIAL ENGINEER tell me how 
to find out from a storage battery at 
what amperage it should be charged? 
Temiskaming, Que., Can. J.H.F. 
In answer to J. H. F.’s question in 

the December issue, the approximate 

charging rate of a storage battery 
may be determined by multiplying 
the square inch area of both sides of 
all the positive plates per cell by 

0.04. For example, a power battery 

has seventeen plates per cell, each 

plate measuring 18 in. x 20 in. 

There will be eight positive plates: 

then 8 X 2 X 18 X 20 X 0.04 = 230.4 

or 230 amp. charging rate. 

If the ampere-hour capacity of the 
battery is known, the rate may be 
determined by dividing this by 8. 
For example, with a battery rated 
at 1,000 amp.-hrs., 1,000 — 8 = 125 
amp. charging rate. 

L. B. MORRILL. 


General Electric Co., 
Boston, Mass. 
* * * * 

J. H. F., whose question appeared 
in the December issue, should deter- 
mine, first, whether the battery 
needs charging. This is done by 
placing a voltmeter across the ter- 
minals of one cell only. For a lead 
cell at full charge the voltmeter will 
read about 2.2 volts; an Edison cell 
at full charge will read about 1.5 
volts. If the voltage of one lead cell 
reads about 1.8 volts it shows that 
a recharge is needed; a run-down 
Edison cell will read about 1.2 volts. 
In the case of the lead cells apply a 
direct current of a few amperes, say 
8-15 amp. for a trial, to raise the 
reading of the voltmeter about one 
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or two points. The high limit per 
cell must not exceed 2.6 volts and 
this limit should not be reached in 
a hurry. It should take 6-8 hr. if 
the battery is much run down. On 
the other hand, if the voltage does 
not rise noticeably after about 15 
min. increase the charge in amperes, 
being careful not to heat the cells 
above 115 deg. F., and do not let 
the voltage per cell at any time get 
above 2.6 volts, which is the high 
limit while on charge. 

With the Edison cells make the 
charge in amperes strong enough to 
raise the voltage of the meter 
slowly, taking 6-8 hr. for it to reach 


the upper limit of about 1.9 volts per 


cell, and not letting the temperature 
of the cells exceed 115 deg. F. 

For an extended charge, more 
than 6-8 hr., with the solution tem- 
perature not above 115 deg. F., 
simply reduce the ampere charge 
enough to keep the voltmeter per- 
haps one point under the high 
limit and allow the latter to be 
reached very gradually. In short, do 
not exceed the temperature limit or 
the high voltage limit of any kind 
of a cell on charge, and the battery 
will not be injured, even if left on 
the line at a reduced charge for 12, 
15, or 20 hr. H. S. RIcH. 


New Britain, Conn. 
* * * * 

The question by J. H. F. in the 
December issue could without doubt 
be answered best by the manufac- 
turer from whom the battery was 
purchased. The charging rate de- 
pends upon the active battery sur- 
face in a cell and is likely to vary 
somewhat with different types. 

In general for a lead-acid battery 
any charging rate is permissible 
that does not produce excessive gas- 
sing or a cell temperature greater 
than 110 deg. F. The value of the 
charging current at which gassing 
begins depends principally upon the 
state of charge of the battery. When 
a battery is fully discharged, a 
greater charging rate can be applied 
without causing gassing than if the 
battery is almost fully charged. For 
this reason the common practice is 
to start charging at a comparatively 
high rate at the beginning of charge, 
gradually reducing the rate as the 
charge progresses. By this method 
an average battery can be charged 
in about five hours. 

By watching carefully the charg- 
ing current, specific gravity, and 
temperature, a suitable charging 
rate can be determined, always bear- 
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ing in mind that it is necessary to 
keep temperature below 110 deg. F. 
and as soon as gassing is evident, 
to cut down on the charging rate. 


Comerio Falls, FREDERICK KRUG. 
Bayamon, Porto Rico. 
* X „ ** 


Answering the question by J. H. F. 
in the December issue, the charg- 
ing rate of a storage battery may be 
calculated from the area of both 
sides of the positive plate, allowing 
0.04 amp. per sq. in. That is, if the 
plate surface is 2,500 sq. in., then 
0.04 Xx 2,500 — 100 amp., charging 


rate. JOHN H. GRIFFIN. 
Cedar Rapids, Ia. 


+ + & * 


Replying to J. H. F., whose ques- 
tion appeared in the December issue, 
when the charging rate of a storage 
battery is not given, and in the 
absence of instructions from the 
manufacturer of the battery, the 
charging rate may be determined ap- 
proximately by calculation, taking 
.040 amp. per sq. in. of positive plate 
surface as normal. This may be ver- 
ified after a few trials by noting the 
length of time elapsing from the be- 
ginning to the end of the charge, as 
evidenced by the voltage rising to 
2.5 and vigorous gassing of the cell. 
The maximum charging rate is that 
at which the cell will absorb energy 
without heating more than 25 deg. F. 
above a reference temperature of 
77 deg. F., or gassing excessively. 

MARTIN G. LANE. 

* * X * 

Effect of Armature Coil with Reversed 
Polarity—Sometime ago this question 
was raised in our shop: Will a re- 
versed polarity coil in an armature 
burn out while running, or what 
effect will it have on the armature? 

I contend that in order to burn out 
a coil a heavy current must flow in 
that coil, which could only be caused 
by a short circuit. As all coils are 
connected in series, current of the 
same amount would flow in each; if 
one were reversed it would oppose 
the action of the others and having 
only the same amperage through it 
as the others it could only oppose 
with the strength of one coil, and 
would neutralize one armature coil. 

I should like to hear from some of 
the readers of INDUSTRIAL ENGINEER 
on this question. 

McKeesport, Pa. E. K. 

Replying to E. K.’s question in the 
February issue, I have never seen a 
reversed armature coil burn out. At 
the moment of commutation the coil 
will be under poles of the wrong po- 
larity, causing a reverse emf. which 
opposes that of the other coils and 
causes excessive sparking at the 
brushes, and also lowers the effi- 
ciency of the machine. 


Denver, Colo. 
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The winding will heat up to some 
extent because the circuit contain- 
ing the reversed coil will generate 
a lower voltage than the others, 
thereby causing a circulating cur- 
rent to flow through the winding. 
Middleport, Ohio. ELZA HERRMANN. 

* * * * 


Why Do the Fuses on this Circuit 
Blow? —I recently wired a large con- 
crete warehouse and should like to 
know why the 10-amp. fuses on the 
watchman’s lighting circuit blow 
after the current has been on for a 
few hours. As shown in the diagram 
below, this circuit is controlled by 
two 3-way switches. No. 8 wire in 
l-in. conduit is used throughout for 
this 110-volt a. c. circuit which con- 


3 Way Switch 


100 Watt Lamp 


a 3 Way Switch 


tains five 100-watt lamps. From the 
panel to the first pull box, 4, a circuit 
of No. 12 wire runs in the same con- 
duit, and from the pull box, B, 
through the light X, another circuit 
of No. 12 wire is pulled through the 
same conduit. A grounded neutral at 
the transformer secondary supplies 
this building. Can some reader help 


me out? 

Los Angeles, Calif. A. W. W. 

In answer to A. W. W. 's question 
in the January issue, I am of the 
opinion that he has a high- resistance 
ground on his circuit; perhaps this 
was caused by a small piece of insu- 
lation being nicked off a conductor 
at an outlet, while pulling in the 
wires. The length of time required 
for the fuses to reach their melting 
temperature may be due to the fact 
that only a small area of bare cop- 
per would be exposed, and that the 
enamel coating on the inside of the 
conduit has a high resistance. Again, 
the trouble may be caused by a pig- 
tail splice, which is generally made 
at outlet boxes. A sliver of metal at 
the splice may have pierced the in- 
sulation and made contact with the 
box. : 

As the transformers are grounded 
at the secondary neutral I advise 
temporarily removing the ground 
wire from the conduit system. If 
the fuses fail to blow within a rea- 
sonable length of time it is evident 
that the circuit is grounded, even 
though the ground may be of high 
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resistance. Then replace the ground 
wire and test for grounds in the 
usual way. 

I hope the above information may 
assist A. W. W. in locating the 
trouble on his circuit. 

OVIDE C. HARRIS. 


& <* * ** 


New Orleans, La. 


In reply to the question asked by 
A. W. W. in the January issue, I 
would suggest that he look for a 
loose connection close to the fuses, 
or a loose fuse receptacle or clips. 
I once had the same trouble on a 
house installation and after some 
time I found a loose plug receptacle. 

Of course, a partial ground would 
also cause the fuses to blow; so I 
advise that he also test out the cir- 
cuit for a slight ground. 

I hope this information will be of 
some use to A. W. W. 

Haledon, N. J. GEORGE ZEHNACKER. 
+ X + & 


With reference to A. W. W.’s 
question in the January issue, from 
past experience I would say that he 
has one wire grounded in his condu- 
let fittings at one or more places. 
Inasmuch as the conduit is grounded 
only through the concrete, which is 
of high resistance, the current flow- 
ing is not enough to blow the fuses 
immediately, but will allow them to 
heat slowly until they reach their 
melting point. Then they go out. 

I would suggest that A. W. W. 
ground his conduit to a water pipe 
or other good ground and open the 
circuit at any convenient place. Be 
sure to keep the ends of the wires 
from touching anything. Then 
throw in the switch at the panel and 
if the fuses blow immediately it 
shows that the trouble lies between 
the place opened and the panel box. 
If this test shows that the circuit is 
clear up to this point, keep on open- 
ing and testing in this manner until 
the trouble is located. 


Chief Electrician, BARLE N. DILLARD. 
Booth-Kelly Co., 
Springfleld, Ore. 


* * * * 

A. W. W. asks in the January is- 
sue why the fuses in one of his in- 
stallations blow. He says in his de- 
scription that the neutral in the 
transformer is grounded; 80 if 
there is not load enough on the cir- 
cuit to blow the fuse, there must be 
a ground at times on the live side. 

In a case of trouble which I saw 
recently a 100-watt lamp in an en- 
closed shade so heated the wires, 
which were rubber covered No. 18 
fixture wires, that the rubber be- 
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came softened and through pressure 
either grounded or short circuited 
and blew the fuse. A smaller light 
caused no trouble. The circuit was 
less than normally loaded with the 
100-watt lamp. Something of this 
sort may also be the cause of A. W. 
W.’s trouble. EDWARD A. GIBBS. 


Boston, Mass. 
* 7 


Preventing Corrosion of Iron Storage 
Battery Racks—I should like to ask 
your readers what treatment can be 
given to iron racks for storage bat- 
teries which will prevent the spilled 
acid from attacking the iron. We 
use the lead type of battery filled 
with dilute sulphuric acid. We have 
a large number of storage batteries 
and recently some iron racks have 
been constructed. All of these racks 
were painted with several coats of 
the best grade of asphaltum black 
paint but this does not protect the 
iron when acid is spilled on it, nor 
co any kind of paint that I have 
tri 


We have had considerable trouble 
due to the corrosive effect of the acid 
forming a substance resembling sand 
which falls into the jars below. This 
produces excessive iron in the solu- 
tion, making a change of acid neces- 
sary. I shall appreciate it if anyone 
can tell me how to overcome this. 
Atlanta, Ga. J. B. 


In answer to J. B.’s question in a 
recent issue of INDUSTRIAL ENGI- 
NEER, I have had good success in 
preventing corrosion of battery 
racks by washing them with strong 
solution of common baking soda and 
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painting them, when dry, with a 


mixture of white lead and tallow. 
This procedure should be repeated 
as soon as corrosion begins to show 
again. EARLE N. DILLARD. 


Chief Electrician, 
Booth-Kelley Co., 
Springfield, Ore. 

+ + „ „ 


Commutator Connections of Two-Pole, 
Compound - Wound Motor — I should 
like to see a diagram showing how to 
connect the starting and finishing 
ends of coils to the commutator of a 
two - pole, compound - wound motor, 
which is rated at % hp., 220 volts, 
3.7 amp., 1575 r.p.m. The coils have 
twenty turns of No. 22 s.c.c. wire. 
There are twenty-four slots, two 
coils per slot, and forty-eight bars. 
Morrero, La. P. D. H. 
P. D. H. asks in a recent issue 

how to connect the commutator leads 

of a two-pole compound motor. As 

a general rule, if the coils wind to 

the left the top leads throw to the 

left and the bottom leads to the left 
of the top leads. If the coils wind to 
the right, the leads throw to the 
right. If the coils connect to the 
left the finish lead of one coil con- 
nects to the start lead of the next 
coil to the left. 

A compound-wound field does not 
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Commutator connections of two- 
pole, compound-wound motor. 


affect the connections on the arma- 


ture. P. D. H. speaks of using 
single-cotton-covered wire on the 
armature. It would be better to use 
either single-cotton-enameled wire 
or double-covered cotton, as single- 
covered cotton shorts easily. 

Peoria, III. GEORGE RINGNESS, 


& + + ** 


Referring to P. D. H.’s question in 
a recent issue, the diagram shows 
the method of connecting the coil 
leads to the commutator. The 
coil pitch is 1 and 12. To connect 
up the armature take any one coil 
and find its two top leads, as X and 
Y; then with a test light find the 
two bottom leads. Let W be the bot- 
tom lead of coil A, and Z that of coil 
B. Next, call the tooth to the right 
of slot 1, tooth No. 1. Count over to 
tooth No. 6, as shown, then take a 
piece of string and find the approx- 
imate center of tooth No. 6 and use 
this string to line out to the commu- 
tator on a line parallel to the axis 
of the shaft. Call the commutator 
bar this line falls on, No. 2; the bar 


| Center Line of Qil on 
Ooth M 6 and Bar No 2 


Corl A 


W Mal Slot No. ( 
j Tooth No.l Tooth No ‘| | 
| ty 
| fl 
fl 


| CL 
Method of connecting leads to 


commutator of two-pole, com- 


pound-wound motor. 
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to the left of this, No. 1, and the bar 
to the right of the line out, No. 3. 
Then put the bottom lead of coil 
A in bar No. 2 and the bottom lead 
of coil B in bar No. 3, as shown by 
the dotted line. Note that it is im- 
material which coils are called A and 
B, as these are only indicated in the 
diagram to illustrate the method of 
locating the bottom leads. After 
these two bottom leads are in piace, 
take the bottom leads from the next 
slot to the right and put one of these 
in each of the next two adjacent 
bars. Proceed in this way until all 
of the bottom leads are down. Then 
with a test light find the top leads 
as follows: 

With one test lead on bar No. 2, 
find the top lead that lights and put 
this top lead in bar No. 1. Then put 
the test lead on bar No. 3 and find 
its top lead and put it in bar No. 2. 
Put the test lead on bar No. 4, find 
its top lead and put it in bar No. 3, 
and so on around the armature, 
working around in a clockwise direc- 
tion for a left-hand winding. A 
winding is left-hand when the top 
or finishing leads are on the left- 
hand side, looking at the commuta- 
tor end. For a right-hand winding, 
proceed in a counter-clockwise direc- 
tion around the armature. 

Detroit, Mich. A. C. ROE, 

* * * * 

Path Followed by Current in D. C. Gen- 
erator—I wish some readers would 
show by a diagram the commutator 
connections and the path followed by 
the current in a direct-current gen- 
erator which has two poles, 29 seg- 
ments, 15 slots and 15 coils with a 
winding pitch of 1 and 4. The ma- 
chine has two brushes set at 90 deg. 
I removed a short circuit from the 
armature of this machine and after- 
wards drew a diagram to trace the 
current. Owing to the winding pitch 
I failed to get the right direction of 
current flow for each coil. I have 
had considerable experience in wind- 
ing d. c. and a. c. machines but this 
is the first time that I have seen a 
machine of this design. 

Libby, Mont. J. Q. W. 

In a recent issue of INDUSTRIAL 
ENGINEER, J. Q. W. asked for the 
connection diagram of a two-pole 
d.c. generator which has twenty-nine 
segments, fifteen coils and fifteen 
slots. From the description of this 
armature I believe that if he will ex- 
amine the fields he will find that the 
machine has two field coils and four 
pole pieces, two of the pole pieces 
having no winding on them, but re- 
ceiving their flux from the other two 
which are connected for the same 
polarity. A. SOULEN. 


Warren, Ind. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 


ing maintenance procedure a 


best practice in safety 


work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Red Spot on 
Wall Behind Fire Extinguisher 


Saves Priceless Seconds 


S A result of familiarity through 
constant occupation of a shop 

the equipment for fire protection 
tends to become commonplace and 
out of mind, unless attention is 
focused upon it. One way of doing 


A red panel on the wall points out 
the fire extinguisher. 
After workers have grown familiar 


with their surroundings through 
constant association their eyes may 
pass over a fire extinguisher in an 
emergency, unless it is made to 
stand out from its surroundings. 
The red background, if kept bright 
by frequent paintings, makes it easy 
to “spot” fire protection equipment 
even from some distance. 


this is by means of bright signs. In 
a Connecticut factory the panels on 
the wall behind the extinguishers 
are painted bright red (red photo- 
graphs black) as indicated in the 
accompanying illustration. In addi- 
tion, the fire prevention rules, which 
tell what to do in case of fire, are 
mounted above the extinguisher. 
The eye inevitably “takes in” the 
extinguisher as it hangs in front of 
such a background as it is only nec- 
essary to look for the “red spot.” 

In the shop yard red arrows with 
signs indicate the location of the 
factory fire alarm boxes. These are 
also found helpful in locating this 
protective installation in a hurry. 
The red panels and arrows should 
be large enough so that they can be 
spotted from some distance. Fre- 
quent repaintings help to keep these 
spots bright and more easily seen in 


an emergency.: H. S. KNOWLTON. 
Boston, Mass. 
EE A 


How to Make Extension Handle 
for Lamp Changer 


T IS often necessary to replace or 

remove lamps which are mounted 
at a considerable distance from the 
floor, or in some location where it is 
difficult to place a ladder. In such 
cases the lamp changer is a useful 
device. In order to meet special con- 
ditions I made a telescoping exten- 
sion for a lamp changer which fur- 
ther increases its usefulness and al- 
lows the work of replacing lamps to 
be performed with much greater 
safety to the workman. 

The illustration shows how this 
extension was made. The lamp 
changer was forced onto a short 
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length of -in. conduit, A. A 10-in. 
length of -in. pipe was then at- 
tached to the piece of conduit by a 
rivet, B, which passes through both 
pipe and conduit. Then a piece of 
14-in. conduit 10 ft. long, C, was 
slipped over the -in. pipe. A 
coupling was sawed through on one 
side, parallel to its axis, and slipped 
over the upper end of the conduit. 
This coupling, as well as the con- 
duit, was drilled and tapped for a 
-in. setscrew, the coupling being 
used to give a greater thickness of 
metal to hold the setscrew. 

When using the lamp changer the 
handle is extended to the proper 
length and the setscrew tightened; 
after using it the setscrew is loos- 
ened and the handle telescoped so 
that it can be carried more easily or 
stowed away conveniently until 
needed again. J. H. SAUVE. 


Temiskaming Que., Can. 


The lamp changer is 
mounted on a _ 10-ft. 
length of iron pipe 
which fits into another 
length of con- 
is held in 


10-ft. 
duit and 
place by a setscrew. 
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Practical Safety Don’ts for the 
Electrical Department 


HE following list of safety 

dont’s is multigraphed on an 8- 
in. by 1l-in. sheet and furnished to 
the members of our electrical de- 
partment. Before beginning work 
each new man is required to read 
and sign a copy. 


. REGULATIONS For THE ELECTRICAL 
DEPARTMENT 


DON 1 Start motor before ringing 
signal bell, and waiting 15 
seconds. 

DON’T—Start a motor having a cau- 
tion sign on controller before 
inspecting shafting or ma- 
chine that motor drives. 

DON’T—Use ladders without spurs. 

DON’T—Use ladders with broken or 
dull spurs. 

DON’T—Use broken ladders or any but 
regulation type. 

DON’T—Use short ladders on boxes or 
blocks. 

DON’T—Use ladders as supports for 
scaffolds or heavy weights. 

DON’T—Work above machines in mo- 
tion. 

DON’T—Work on ladders in traffic 
aisles, alleys or runways with- 
out man on floor end. 

DON’T—Work on poles, long ladders, 
high scaffolds or in boat- 
swains chair if unfamiliar. 

DON’T—Use metallic rules, tapes or 
metal-bound wood rules around 
live apparatus. 

DON’T—Work near rope or belt drives 
in motion with any loose wire, 
hauling ropes, or loose-fitting 
clothes. 

DON’T—Take any wiring or construc- 
tion materials from storeroom 
without written order by Shop 
Attendant. Give him job num- 
ber when ordering. 

DON’T—Leave any pee or waste 
material on job after comple- 
tion. Return them to store- 
room and give list to Shop At- 
tendant to credit job with. 
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This applies to both old and 
new material. 


DON’T—Use solder melting or cable- 
splicing apparatus without 
having two fire extinguishers 
near at hand. 


DON’T—Use any matches that are not 
of approved safety type pro- 
vided by the company. 


DON’T—Leave material of any descrip- 
tion lying around job, on 
floors, boxes or shelves. Keep 
together in suitable receptacle. 
Violation of this rule is cause 
for dismissal. 


DON’T—Lay tools or loose material on 
scaffolds, beams, overhead 
platforms or any place where 
liable to fall. 


While these safety rules.and reg- 
ulations apply particularly to condi- 
tions in our textile mill they will no 
doubt also apply as well to the work 
of men engaged in the installation 
and maintenance of mechanical 
equipment for any mill or factory. 


WILLIAM MCNALLY. 


American Manufacturing Co., 
Brooklyn, N. Y. 


ä 
Painting with 
Air Brush at One-Fifth of 
Brush Work Cost 


ECENTLY a midwestern fac- 

tory in enlarging its quarters 
found it necessary to repaint the in- 
terior of a building which had not 
been painted for several years. As 
time was an important element a 
portable paint spray outfit was pur- 
chased and one man put at work. 
The cost of air painting on this job 
was about one-fifth of the lowest 
estimate on what it would have cost 
by hand. The total saving amounted 
to several thousand dollars. In ad- 
dition the compressed air forced the 
paint into all cracks and closed 
them up securely and permanently. 
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Removing Large Foundations 


With Dynamite 


EMOVING concrete founda- 

tions by ordinary methods is a 
slow and expensive job. As in most 
cases this is rush work, other meth- 
ods, such as the use of dynamite, 
sometimes offer opportunities to 
speed up the work and decrease the 
cost. For example, dynamite was 
successfully employed recently at a 
Philadelphia paint works to blast 
out a concrete pit which carried a- 
set of track scales and was removed 
to make way for larger scales. The 
pit was about 65 ft. in length and its 
four walls were approximately 2 ft. 
in thickness and 10 ft. deep. It was 
also tied in at the bottom with heavy 
concrete cross sections. 

The job presented some diffi- 
culties, because one of the side walls 
of the pit was about 2 ft. from a 
building with a number of windows. 
A similar building was located 
across the roadway some 20 ft. dis- 
tant. 

The cost of breaking up this pit 
by methods other than dynamite 
was estimated to be well over $1,000. 
It was successfully broken with 
about $15 worth of explosives and 
the time of one driller with a jack- 
hammer air drill and of one blaster, 
who each worked less than three 
dayk. Successive charges of dyna- 
mite were placed at the proper 
points in the concrete and the walls 
broken down in sections. The shots 
were so gaged that no damage was 
done to surrounding buildings. 


These two illustrations show the 
covering of the concrete pit foun- 
dation to prevent broken pieces 
flying about when blasting. 
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Electric Heaters for Drying 
Out Large Motor 


T ONE time I served as electri- 
4 å cian on a suction dredger 
whose centrifugal pump was driven 
by a 750-hp., 2,200-volt, three-phase, 
wound-rotor motor. Inasmuch as 
there was very little space between 
the motor and the other equipment, 
so that it was very difficult to make 
repairs, we took the best possible 
care of it in order to prevent a 
breakdown. The motor was, of 
course, in a very damp location and 
to avoid trouble from this source I 
made up several electric heaters for 
drying it out. These heaters were so 
easily and cheaply made and worked 
so satisfactorily that a description 
of them may be interesting. 

As will be seen from the illustra- 
tion the heater consisted of a hard- 
wood frame, well braced at the cor- 
ners, with loops of No. 10 iron wire 
supported by two rows of screw eyes 
in the two sides of the frame. Mica 
was placed under the screw eyes to 
keep the wood from charring. The 
ends of the resistance wire were 
connected to two terminals in one 
end of the frame. These terminals 
consisted of long, %%-in. brass 
screws, with the heads cut off, which 
were passed through brass plates 
1% in. thick and 3 in. square. Two 
plates were used for each terminal, 
one on the inside and one on the out- 
side of the frame. Under each plate 
was a layer of sheet asbestos to pro- 
tect the wood of the frame. 

The brass screws forming the ter- 
minal posts were held in place by 
locknuts on each side. In order to 
avoid the possibility of grounding, 
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Electrical Service 
Around the Works 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 
tion, overhauling, testing or special installations. 
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the holes where the screws passed 
through the wood were made consid- 
erably larger than the holes in the 
brass plates. 

Power was delivered to the dredge 
at 11,000 volts through a submarine 
cable. Three delta-connected trans- 
formers were used on board, giving 
2,200 volts. When in use the heat- 
ers were kept, for the sake of long 
life, at a “black heat,” which meant 
that they had to be operated at 440 
volts. When it was necessary to use 
the heaters during a shut-down, one 
of the transformers was discon- 
nected, leaving the other two con- 
nected in open delta so that it was 
possible to operate the other 
2,200-volt motors. The third trans- 
former was then operated at 2,200 
volts on the primary side, which 
gave 440 volts on the secondary for 
the heaters. Although this may 
seem like a cumbersome way of se- 
curing the proper voltage for the 
heaters, it was the best that we 
could do with the equipment avail- 
able, and the transformers were so 
arranged that we could make the 
necessary changes either way in 
about 10 min. 


The heaters were made by sup- 
porting loops of No. 10 wire on 
screw eyes in the two sides of a 
hardwood frame. 3 


The rotor of the large motor had 
eight spokes and by turning it 80 
that the spokes came in line with 
the braces on the end bells six heat- 
ers could be placed in the rotor. 
When the heaters were in place a 
tarpaulin was thrown over the mo- 
tor, to dry it out and keep it dry. 
San Francisco, Calif. S. H. SAMUELS. 
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‘Two Schemes for Controlling 
Lights From Two Points 


HE following comments have 
been received relative to a short 
article by P. Justus, which appeared 
under the above heading on page 99 
of the February issue of INDUSTRIAL 
ENGINEER.—EDITORS. 
* + * * 


I noticed on page 99 of the Feb- 
ruary, 1924, issue a cut of hot-line 
3-way switches in an article by P. 
Justus. In view of Rule 24, Section 
C of the 1920 National Electrical 
Code and Article 12, Rule 1204, Sec- 
tion A of the 1923 code, which states 
that, “Three-way switches shall be 
classed as single-pole switches and 
shall be so wired that only one pole 
of the circuit will be carried to 
either switch,” I think there should 
be a note of explanation regarding 
this illustration, to the effect that 
the method of connection shown is 
not permitted under these rules. 
Philadelphia, Pa. C. B. HUMPHREYS. 

* * * * 


On page 99 of the February issue 
there was a short article by P. Jus- 
tus giving two schemes for the 
hook-up of 3- point switches. I 
would suggest that before any elec- 
trician attempts to install 3-point 
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switches according to Fig. 2 of that 
article, he had better consult Sec- 
tion 1204a of the 1923 National 
Electrical Code. This states that 
three-way switches shall be classed 
as single-pole switches and shall be 
so wired that only one pole of the 
circuit will be carried to either 
switch. While the practicability of 
work installed in accordance with 
Fig. 2 is all right, it might cause 
some embarrassment and inconven- 
ience to the electrician installing it, 
if it has to be passed on by a local 
electrical inspector. W. C. GRUBB. 
Auburn Junction, Ind. 
R N N # 

On page 99 of INDUSTRIAL ENGI- 
NEER for February there are shown 
two methods of connection for the 
two-location control of a circuit in 
which two 3-way switches are used. 

It should be noted that the scheme 
shown in Fig. 2 is prohibited in Rule 
1204a of the 1923 National Electri- 
cal Code, which specifies that, 
“Three-way switches shall be classed 
as single-pole switches and shall be 
so wired that only one pole of the 
circuit will be carried to either 
switch.” 

Hence, the wiring shown in Fig. 2 
should never be employed in instal- 
lations that are subject to the juris- 
diction of electrical departments 
which follow the National Electri- 
cal Code. It is a fact that the wir- 
ing method of Fig. 2 has decided ad- 
vantages for certain conditions and 
that it may also, under certain con- 
ditions, be much more economical of 
material than that of Fig. 1. 


Construction details of 
brake for testing large 
and medium-size motors. 
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Our feeling here is that the 
method of Fig. 2 is entirely safe and 
often justified. However, it has the 
disadvantage that it reverses the po- 
larity of the socket shells; this con- 
flicts with the 1923 Code ruling 
which specifies that the shells of all 
lamp sockets shall be connected to 


grounded wire. TERRELL CROFT. 


Directing Engineer, 
Terrell Croft Engineering Co., 
St. Louis, Mo. 


—— — 
Simple Brake for Testing Motors 
Up to 100-Hp. Rating 


BRAKE which was built in a 
New Jersey shop for testing 
motors up to 100-hp. rating, gives 
very accurate results. Bands of 
automobile brake lining pressing on 
a steel pulley give the braking 
effect. One end of these bands is 
attached to a wooden scale beam 
which is balanced by means of iron 
weights. There are two main 4. in. 
belts passing up and three-quarters 
around the pulley, where they are 
connected to a 2-in. belt, the end of 
which is fastened by a wire to a 
small spring scale. The brake lin- 
ing is of asbestos interwoven with 
brass or copper wire and stands the 
heat well. In order to lessen the 
friction, maple-wood strips are in- 
serted between the band and the 
pulley. The construction of the 
brake is shown in the illustration. 
In making a test, after the belt is 
placed around the pulley the beam 
is balanced by means of the sliding 
weight V. As the motor is brought 
up to speed the belt tends to lift the 
beam. To put different loads on the 
motor the weight L is changed. The 
beam is so proportioned that 1 lb. at 
L will give a pull of 5 lb. on the belt. 
The pulley shown has a diameter of 


Variable 
Weight-- 
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25.2 in. and a 12-in. face. With a 
pulley of this diameter twice the net 
pull in pounds multiplied by the rev- 
olutions per minute and divided by 
10,000 gives the horsepower directly. 
This pulley may be used for any 
torque up to 300 lb.-ft. A 12.6-in. 
pulley is used for measurements up 
to a torque of 100 lb.-ft. To prevent 
the pulley overheating it is flanged 
so that it will hold water during a 
test. 

Care must be taken to prevent the 
belts jamming around the pulley and 
tearing loose, with possible serious 
damage. The best results are ob- 
tained when the spring balance pull 
is about one-tenth of the main belt 
pull. The net pull, which is used 
to calculate brake-horsepower, is the 
pull on the main belt minus the pull 
on the spring scale. 

The bearings of the scale beam are 
carefully lined and are babbitted. 
The arm is counter-balanced for its 
own weight and that of the belts and 
fittings by weight W and the sliding 
weight V. The frame of the brake 
must be strong enough to stand an 
upward pull of 1,000 lb. 


Chief Tester, F. W. Gay. 
Crocker-Wheeler Company, 
Ampere, N. J. 

— 


Use of Aerial Power Cables in 


Industrial Plants 


ERIAL power cables suspended 
from a messenger attached to 
poles or other convenient supports 
are worthy of careful consideration 
by the engineer who is responsible 
for an assured continuous supply of 
power for operating machinery. 
Central station companies are grad- 
ually coming to use multiple conduc- 
tor cables in this way and many of 
the reasons which make this good 
practice under certain circumstances 
also apply to large industrial plants. 
In the first place open wires for 
high-voltage circuits are dangerous 
in congested locations unless very 
expensive construction is employed. 
Furthermore, interruptions of serv- 
ice are quite likely to occur with 
open wires. Aside from the possi- 
bility of insulators breaking down 
and damage from sleet and wind, 
there is always the liability of some 
injury by traveling cranes handling 
an unusually large object or by acci- 
dents from entirely unforeseen 
causes. Strange and unexpected 
things happen in plants engaged in 
heavy operations. In a steel plant 
where the wires were carried on a 
bracket structure attached to the 
side of a long building, they were 
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put out of service every once in a 
while by an avalanche of snow slid- 
ing off the high sloping roof. An 
aerial cable has been substituted for 
the open wires and since that time 
there has been no trouble. Another 
place where this practice proved 
beneficial was where a 6,600-volt cir- 
cuit passed under a coal hoist; in 
this case the cable was protected by 
steel wire spirally wound over the 
lead sheath, similar to a submarine 
cable. 

Of course, trouble may be prac- 
tically eliminated by underground 
construction and this is employed in 
many cases but it is expensive and 
rarely pays except where an entirely 
new plant is being laid out. In old 
plants where electrification of the 
various machines is gradual and 
piecemeal, the wires are usually at- 
tached to poles, roofs, or brackets on 
the sides of buildings. It not infre- 
quently happens that it is economical 
to have 6,600-volt circuits for motors 
of 150 hp. or over or for tying in 
substations with each other and with 
the generating station, if there is 
one, and it is in such cases that it 
is good practice to use cables. Ex- 
amples of this method have been ob- 
served in steel mills, one of which 
has nearly two miles of it, as well as 
in other industrial plants. 

The objection may be raised that 
cable is more expensive than open 
wires. This is undeniable but it is 
equally undeniable that the mainte- 
nance and depreciation are so much 
less as to be almost negligible. Prac- 
tically everyone who has used aerial 
cable says that there is never any 
trouble and they forget that they 
have a cable. But the most impor- 
tant advantage of cable from the 
practical standpoint is the almost 
complete assurance of continuous 
service. In many of the operations 
in the steel industry, for instance, 
the value of the material in process 
of manufacture is so great and the 
damage to materials and loss in op- 
erating efficiency so serious in case 
of accidental interruptions of power 
that it pays to spend money on equip- 
ment that will eliminate or substan- 
tially decrease such troubles. In 
fact, the attitude of the electrical 
engineers responsible for the supply 
of electrical energy is shown by the 
fact that in the two steel mills men- 
tioned these men regularly install 
cables designed for double the op- 
erating voltage actually used in or- 
der to increase the factor of safety. 
As both of them have expressed it, 
the comparatively small increase in 
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the first cost of the cable is insig- 
nificant when compared to the great 
importance of delivering energy 
where and when it is wanted. 

New Canaan, Conn. F. A. WESTBROOK. 
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Method of Wiring for Lights 
at Stairway 
ECENTLY it was necessary to 
place a small lamp on each rear 
landing of a three-family tenement 
building, which was the property of 
a large manufacturing company, 
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Arrangement of wiring so that the 
switch on each floor will light 
stairway lamps on all floors below, 
but not above. 


long after the building was com- 
pleted. Inasmuch as no one family 
was to bear all the expense of the 
lighting and there was no special 
meter for this service, it was de- 
cided to arrange the wiring so that 


each tenant could switch onto his. 


own meter the lamps on the floors be- 
low him. Thus, if the third-floor ten- 
ant desired a light his switch would 
light the lamps on all three floors 
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through his meter. Each tenant 
could thus light his own lamp and 
all those below him, but none above 
him. ; 

The lamps used are only 25-watt 
rating, but they were wired as de- 
scribed in order to avoid any impo- 
sition. In other words whoever 
switches on, pays. 

As will be seen from the illustra- 
tion the top floor switch was wired 
to the top floor line for a meter con- 
nection, but the first and second 
floors were wired to their respective 
meters in the basement, as the lines 
in the ceilings could not be reached. 
The wires from the power supply 
direct to the switches must be on 
the same side of the circuit. 

In reality the job was simple 
enough and was done by one man in 
12 hr. at a cost of about $10. 

New Britain, Conn. H. S. RICH. 
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Method of Starting Motors With 
Damaged Compensator 


N a large industrial plant where 

a large number of 2,200-volt 
three-phase induction motors are in 
use, these have been started with 
entirely satisfactory results when 
one coil in the starting compensator 
was cut out as shown in the accom- 
panying illustration. Spare coils 
are carried in stock for all of the 
larger compensators, but occasion- 
ally a coil burns out that can not be 
repaired or for which no replace- 
ment is available. When this occurs 
the damaged coil is disconnected and 
jumpers are placed as shown. While 
this is, of course, an emergency 
method of maintaining service it 
has always given good results, un- 
til a new coil could be obtained. 

FREDERICK KRUG. 


Comerio Falls, Bayamon, 
Porto Rico. 
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The damaged coil of the com- 
pensator is temporarily shunted 
out until a new coil can be ob- 
tained. 
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This department will furnish mechanical 
details of installation, operation and mainte- 


Power 


Trouble Reduced by 
Use of Ball Bearings on Mine 


Locomotives 


WING to trouble with the 
brass-lined bearings on the 
motors of mine locomotives, J. C. 
Kendall, Hancock, Mich., reports 
that the Quincy Mining Company 
(Mich.) found it necessary to re- 
place these bearings with ball bear- 
ings. The trouble was due to the 
armature heating up at times of 
overload and melting the grease out 
of the bearings. With no grease in 
the bearing the shaft would cut the 
linings out and allow the armature 
to drop down on the pole pieces. To 
remedy the trouble it was decided 
to try ball bearings; so the bearing 
caps shown in the illustration were 
built to replace the old caps. 
To prevent the ball race from 


turning on the shaft a jam nut is 


Bearing caps like these were used 
when brass-lined bearings were 
replaced by ball bearings on the 
motors of mine locomotives. 


, 
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nance of equipment in the path of power 
service from the first mechanical driv- 


5 
Dri V es ing element through transmitting 
— equipment to all driven machines. 


tightened against it on the pinion 
end of the shaft. On the commuta- 
tor end a washer and cap screw per- 
form the same function. The bear- 
ing shown in the sketch is for the 
pinion end, the one for the commu- 
tator end being slightly smaller. 

Sixteen two- motor locomotives 
with sixty-four bearings were 
changed in this manner some time 
ago, and since then no bearing trou- 
bles, have been experienced. 
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Change in Grade of Oil Cause 


of Bearing Failure 


N INTERESTING case of lub- 
rication trouble came to the 
writer’s attention recently on the 
motor end of a flywheel motor-gen- 
erator set, (3,000 hp., 505 r.p.m., 
2,300 volts) which supplies the d.c. 
power to the main drive motor of a 
reversing blooming mill. During the 
regular overhauling at the week-end, 
the oil was drained from one of the 
bearings of the motor, and the oil 
basin cleaned out and filled to the 
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proper level with clean oil. On Mon- 
day morning the motor-generator 
set was started as usual and the 
bearings were given the customary 
inspection to see that the oil rings 
were running freely and carrying up 
oil. About two hours later it was 
noticed that the bearing in which the 
oil had been changed, was heating. 
Preventive measures were taken but 
before they became effective the bab- 
bitt melted and the shaft dropped. 
The motor was stopped before any 
damage was done to the rotor. 

After considerable trouble the mo- 
tor shaft was jacked up, the ped- 
estal removed and the bearing taken 
out. Inspection disclosed no dirt or 
other foreign matter, either on the 
shaft or in the oil. 

Examination of the oil showed 
that it was of a somewhat lighter 
grade than was formerly used. It 
was found that because of a differ- 
ence in price an oil made by another 
manufacturer and which was said to 
be of the same grade as the origi- 
nal oil, was bought by the purchas- 
ing department. The storeroom gave 
the maintenance man this oil for use 
on the machine and no mention was 
made of the change of manufacturer. 
The trouble encountered proved that 
the oil was not of the same grade 
and was not suited to the needs of 
the bearings on this machine. 

A new bearing was put in the mo- 
tor and the original grade and make 
of oil was substituted for the oil in 
question. No further bearing trouble 
was encountered on this machine. 
In the writer’s opinion changes 
should never be made in the grade 
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or make of oil used on important 
drives until careful tests have shown 
that the new oil is suited to the serv- 


ice requirements. U. A. J. 
Chicago, Il. — 
— 


Individual Drive for Swinging 
Frame Cross-Cut Saw 
OR driving a swinging-frame 
cross-cut saw, an industrial plant 


in Connecticut has adopted the 
method illustrated of mounting the 


Mounting the motor on the cross- 
frame of the saw was a convenient 
way of obtaining individual drive. 


motor directly on the cross-frame of 
the saw. The motor is served from 
a wall outlet just back of it, the con- 
ductors being coiled to allow swing- 
ing of saw. In order to protect the 
operator from injury the belt is in- 
cased by a wooden guard, as shown 
in the illustration. The motor is 
controlled by means of a 30-amp. 
C. R. General Electric push-and-pull 
switch mounted near the operator. 
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Application of Direct Drive to 
Drill Press 


N ONE SHOP where the various 

items of machine shop equipment 
were driven from a lineshaft, it was 
desired to avoid the necessity of 
driving the entire line of shafting 
and pulleys to operate only the drill 
press which was, as usual, the most 
frequently used piece of equipment. 
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The adoption of direct motor drive 
was decided upon; after considera- 
tion of the possible methods of 
mounting the motor it was decided 
to mount the latter in a vertical posi- 
tion, as shown in the illustration. 
For this purpose a simple form of 
strap bolt was made to encircle the 
drill press frame at the back and 
support a baseplate to which the 
motor was securely bolted. A direct 
belt drive to the spindle was then 
possible, without the use of inter- 
mediate pulleys or shaft. 

This motor has been operated ver- 
tically for more than a year and the 
installation has proven to be very 
satisfactory, although there was 
some apprehension at first that the 
bearings would not stand up. While 
it was the original intention to place 
a small thrust-plate directly under 
the armature shaft, this has not 
been found necessary as the interior 
thrust bearings in the motor are 
adequate for the weight of the ar- 


mature. G. A. LUERS. 
Washington, D. C. 
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How an Uneven Belt was Made to 
Run True 


HE defective portion of the 
driving belt of a high-speed, 
three-bearing generator was re- 
cently removed and replaced by a 
new piece. When the machine was 
started, following the repair, the 
belt persisted in running off to one 
side, bringing one edge in contact 
with the outboard-bearing pedestal 
of the generator. As a result, the 
edge of the belt became stretched 
and worn and began to flare out. 
The difficulty was overcome by 
transferring the crown of the pulley 
from the middle of the pulley face to 
a point nearer the center bearing. 
A ring of %-in. holes was drilled 
around the pulley face at the place 
it was desired to have the new crown 
and a strip of rawhide belt lacing 
riveted in place. After this the belt 
ran true, as the effect of the new 
crown was to force the belt to the 


center of pulley. A. J. DIXON. 
St. Louis, Mo. | 


The motor was bolted to a base- 
plate which is supported by strap 
1 on the back of the drill press 
rame. 


‘Strap bolt 
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In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Brass Face for Hammer Reduces 


Weight of Kit 


HE brass hammer is a very use- 
ful tool for pounding on parts 
which would be injured if the ordi- 
nary machinist’s hammer were used. 
However, it is one of the heavy tools 
of the repair kit and if both it and 
a machinist’s hammer must be car- 
ried the weight of the kit is consid- 
erably increased. The method which 
was adopted by one repairman to 
keep down the weight of his kit is 
shown in the illustration. As will 
be seen he made the brass face as a 
detachable part of his hammer. 
This was done by drilling a short 
piece of heavy bar stock for a close 


The brass face for the machinist’s 
hammer is made by drilling heavy 
bar stock to fit over the peen head 
and providing set-screws to hold 
it in place. 


Contributions are always welcome. 


fit over the peen head of the ham- 
mer; two holes were then drilled 
and tapped for setscrews to hold it 
in place. 

When the brass face is attached to 
the hammer, driving work is accom- 
plished with the same facility that 
is provided with a solid hammer. 
When detached the brass face can 
readily be stowed in the kit without 
adding any appreciable extra weight. 
Washington, D. C. G. A. LUERS. 


— —e— 


Two Repair Shop Experiences 
That Taught Lessons 


OME TIME ago, when making 

repairs outside of the shop, we 
were working on an elevator whose 
reversing switch repeatedly burned 
out the contacts. On this switch the 
armature and shunt contacts broke 
the connection at the same time; the 
armature contacts had a sharp, 
snapping spark to them. When the 
shunt fields were connected across 
the lines permanently, the armature 
contacts barely sparked when the 
machine stopped. We then put the 
field leads back where they belonged 
and put a suitable resistance across 
the field leads to take care of the 
field discharge and the switch has 
operated satisfactorily for several 
years. 

When relating my shop experi- 
ences, I may as well give one of our 
prize mistakes in the hope that it 
will prevent some other repairman 
from doing likewise. This happened 
when we changed the throw of the 
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coils on the armature of a Westing- 
house interpole motor. The plant 
first sent in the armature alone to 
be rewound. The armature had 
fifty-nine coils and was wound 1-16. 
This checks out 1-16-31-46-61, or two 
past the number of coils. Before 
this, we had always thought that if 
the throw did not come out even it 
was better to wind it under rather 
than over. As 1-15 came out 1-15- 
29-43-57 we wound it 1-15 without 
changing the throw of the top lead 
or the span of the bottoms from the 
top. 

When the armature was put back 
into service it ran all right under 
no-load, but sparked and ran hot 
under load. The entire motor was 
then sent into the shop and we found 
that by shifting the brushes we 
could reduce the sparking but not 
the heating. We then wound the 
armature 1-16 and the machine has 
run fine ever since. Evidently the 
Westinghouse Company must set 
their brushes by the throw of the 
bottom lead. We also found that it 
does not pay to change the throw of 
the coils from the factory span. 

I hope these experiences will be 
helpful to some of the other readers 
and would like to get some of theirs. 


Peoria, Il. GEORGE RINGNESS. 
— — 
Shield for Chisels Keeps Chips 
From Flying 


ANY times when using a chisel 
we want to keep the chips 
trom flying, when the metal is worth 
saving or the chips will annoy other 
workmen or get into electrical equip- 
ment. The accompanying drawing 
shows a shield that can be applied 
to chisels to keep chips from flying 
about, save windows and keep work- 
men from complaining about “the 
other fellow.” l 
The clip is made of piano or other 
spring wire formed so as to grip 
the chisel. The shield is made of 
thin sheet stock, with the ends 
curled to slip over the bent-up por- 
tion of the clip. The clip can be 
slipped back and forth on the chisel 


Shred 


Clip 


A piece of spring wire is bent to 
form a clip which grips the chisel 
and supports a thin metal shield. 
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to get the required distance, and 
bent to get the proper height of the 
shield. When grinding the chisel 
the clip may be slipped back out of 
the way or removed entirely. By 
making a fair-sized loop the clip will 
have sufficient spring to enable it to 
be used on several sizes of chisels. 
Detroit, Mich. NELSON HALL. 


a 


Rewinding 44-Volt Generator 
to Give 1,000 Volts 


OT long ago I received a call 

from the officer in charge of a 
government radio station to come 
out and look over a generator with 
a view to making some changes in 
it. I was much elated over the pros- 
pect of adding this station to my 
list of customers, but upon arrival 
and being shown the machine and 
the nature of the proposed changes 
my elation was, for a time, suddenly 
changed to something else. 

The proposed changes involved 
not only a rewinding job but also a 
re-designing job, due to the fact 
that the new voltage was to be many 
times that for which the machine 
was designed. At the outset it was 
apparent that design procedure 
should be reversed, in that it would 
be most expedient to make the ar- 
mature fit in with the fixed field 
conditions. The original rating was 
44 volts, 22.5 amp., 1 kw., and the 
problem was to convert this ma- 
chine into a generator that would 
deliver 0.5 amp. at 1,000 volts. The 
machine was an old one with a 
smooth core armature, four poles 
and 121 commutator bars. The 
armature core was 6 in. in diameter 
and about 6 in. long. The commu- 
tator was approximately 414 in. in 
diameter, making the bars quite 
small. 

After stripping the armature it 
was sent to the machine shop to 
have thirty slots milled in it. It 
came back with the job done per- 
fectly. Work was then started on 
the commutator—the real seat of 
all the trouble. Every fourth bar 
was removed and then three bars 
were connected together to form one 
bar. This gave us thirty bars for 
the new winding. The necessary 
precaution was taken to reinforce 
the commutator and brush stud in- 
sulation and the armature was then 
ready for the new winding. Because 
of the large number of turns per 
coil (110) we took no special pre- 
cautions with the coil insulation, as 
the voltage per turn was low and 
the coil voltage was also compara- 
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tively low. The co-efficient of self- 
induction was also about as it was 
with the old winding, due to the 
lessened current output. 

The procedure that really made 
the work successful was this: By 
removing every fourth bar the dis- 
tance between bars was made great 
enough to prevent flashover. At the 
same time, the period of commuta- 
tion was kept about the same as be- 
fore; in fact the period was less 
with the new winding. 

After the winding had been put 
on the space between the bars was 
filled with a mixture of powdered 
mica, glue and plaster of paris of 
the right proportion to give it about 
the same wearing rate as the bars. 
The winding was then heated and 
dipped in air-drying varnish, the 
commutator was turned down and 
the winding was tested with 3,000 
volts alternating current for one 
minute. The commutator was tested 
between bars with 350 volts. These 
tests being passed satisfactorily, the 
machine was ready to be given the 
trial run. 

The generator was equipped with 
four brush studs, but only two 
brushes were in place and I was 
just a bit dubious about trying it 
under these conditions, because I 
realized that with the other brushes 
in place on the commutator the com- 
mutation would be much better. 
However, it was started up with no 
load and with a little more than 
half of the field resistance in and 
the voltmeter reading about 700, 
the region between the two brush 
studs was a solid mass of fire. This 
was found to be due to two causes: 
Due care had not been exercised in 
removing the dust after the brushes 
had been fitted; also the two 
brushes were collecting too much 
current at this voltage. With a 
clean commutator, and the other 
brushes in place the machine was 
started up and the voltmeter showed 
about 1,200 volts with only an occa- 
sional faint spark at the brush tips. 

A long message had been pre- 
pared, as a test, to be sent to an- 
other station and when the machine 
was connected to the sending appa- 
ratus, with less field than was used 
in the trial run, the pointer of the 
ammeter connected in the antenna 
circuit went off the scale. The send- 
ing of this message consumed about 
one hour and fifteen minutes and in- 
asmuch as the generator hummed 
along with practically no more 
sparking than on no load, we as- 
sumed that it was all right, which 
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assumption has proven to be correct 
after more than a year of continu- 
ous service. It is interesting to re- 
call in this connection, that the man- 
ufacturer of this machine said it 
could not be made to operate at the 
potential desired, and advised buy- 
ing one with two separate armature 
windings, each designed for 600 
volts. 

All of which goes to show that 
when one of those “impossible” jobs 
comes along, it pays to give it a 
trial. D. L. WAYNF. 


Chief Electrician. 
Prairie View State College, 
Prairie View, Texas. 


OE a 
Easily-Made Hacksaw Frame for 
Heavy Work 


HE ordinary hack-saw frame 

can be purchased so cheaply 
that generally there is nothing to 
be gained by making one yourself. 
However, the one described below is 
much stronger than the very cheap 
types and the knowledge of how it 
was made may help someone who 
wishes a stronger hack-saw frame 
than the ordinary type, or who has 
the time to make one. 

The frame was made by bending 
to the proper shape a piece of 14-in. 
wrought-iron pipe about 20 in. in 
length, the radius of the bends being 
about 3 in. This left a frame like 
the letter D, except for the front 
vertical line, the end pieces being 
4 in. or 5 in. in length and the back 
about 13 in. long. 

A ¥-in. hole was drilled through 
each end of the pipe. In these holes 
were pieces of steel rod, square in 
section between the frame and the 
saw, but threaded on the portion 
which went through the holes in the 
frame. On one end of one of these 
rods there was an ordinary hexagon 
nut to hold it in place. The part of 
the other rod which went through 
the frame was fitted with a wing 
nut and had a much longer thread 
than was cut in the one on the other 
side. 

In the square ends of the rods 
small holes were drilled and pins, 
made from nails, were driven into 
them tightly and the end of the nails 
cut off. This left short projections 
onto which the ends of the saw were 
hooked; after the saw was in place 
it could be drawn up tightly by 
means of the wing nut on one of the 
rods. 

There was no handle, as the user 
was expected to guide the saw by 
means of the vertical ends. 
Westfield. N. J. G. H. McKELWAY. 
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Applying Insulating 
Varnishes 


(Continued from page 186) 


and along with it any oil that may 
still remain. If the armature is to 


be stripped, scrubbing with a wire 


brush as soon as the armature is 
removed from the washing tank will 
take off all the old varnish from the 
surface and render the removal of 
the coils much easier. 

If the gasoline in the washing 
tank is allowed to stand after use 
for some time, the dirt and some of 
the oil will sink to the bottom and 
can easily be drawn off, leaving the 
remaining gasoline fit for use once 
more. 

As many additional coats of the 
baking varnish may be applied as 
is thought necessary, bearing in 
mind that for protection against 
moisture, oil, etc., a perfectly con- 
tinuous coat is necessary. Cracks or 
breaks in the continuity will permit 
oil, moisture and conducting par- 
ticles to enter the coil, with disas- 
trous results as far as protection 
against shorts or grounds is con- 
cerned. Fibrous insulation, such as 
cotton, has many stiff hair-like 
fibres that tend to pierce the var- 
nish film. When they do they act 
like wicks and tend to draw mois- 
ture and oil into the interior of the 
coil by capillary attraction. These 
fibres must be completely covered. 
Because of lack of time and produc- 
tion expense it is not always prac- 
ticable to apply five or six coats in 
the manner described above;. hence 
the results desired are approximated 
by applying as many baked coats as 
possible and then following with one 
or more applications of air-drying 
varnish to obtain the continuity of 
film. 


APPLICATION OF BRUSHING AND 
SPRAYING METHOD 


These air-drying or finishing var- 
nishes may be applied by either 
brushing or spraying. If the brush 
is used special care must be taken. 
It is best to apply liberally at first 
and then, after squeezing the excess 
varnish from the brush, go over the 
whole surface with a thin coat, 
smoothing it down until a good, even 
film is obtained. Even with the 


Fig. 5—Vacuum pressure impreg- 
nation outfit in shop of Atwater- 
Kent Manufacturing Co., Philadel- 
phia, Pa., as made by the Buffalo 
Foundry Machine Co., Buffalo, N. Y. 
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greatest care, however, some parts 
are very likely to be overlooked. 

It is not wise to depend upon 
brushing for the entire treatment 
of coils. It is impossible by this 
means to force the varnish into the 
interstices where insulation is most 
needed. Hence brushing is recom- 
mended for cases where surface pro- 
tection only is required. 

The Air Spray.—Spraying is con- 
sidered preferable to brushing. The 
work can be done evenly and quickly. 
It does not, however, insure the com- 
plete filling of the coil and hence it 
is advised only for the finishing ap- 
plications as an alternative for the 
brushed coat. It uses a little more 
varnish that when the hand brush 
is used, because heavier coats are 
applied. The expense of applica- 
tion, however, will be no more be- 
cause of the saving in time and 
labor required for treatment of a 
given piece. i 

The spray is simply an air brush 
in which compressed air forces the 
varnish out through a nozzle in a 
very finely divided state. Much of 
the solvent is evaporated between 
the time the varnish leaves the 
nozzle and the time it strikes the 
work. Hence it will be found that 
the varnish film dries much faster 
than in any other application. In 
spraying large pieces such as com- 
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plete stators, by the time the first 
coat has been completely put on, the 
surface where the start was made is 
dry enough for a second application. 
Thus very thick coats can be built 
up in a comparatively short time. 

Before selecting a sprayer the 
amount of work to be turned out per 
day should be determined, as well as 
the size of the largest piece to be 
treated. Then consult a reliable 
manufacturer of varnish air spray- 
ers, giving him at that time the 
maximum air pressure available in 
your shop. Nozzles with adjustable 
size openings are the best, as they 
may be adapted to the particular 
kind of varnish used. An air trans- 
former set to remove dirt, moisture 
and oil from the compressed air, to- 
gether with the connections and 
proper exhaust arrangement, should 
be installed at the time the sprayer 
is put in. The exhaust equipment 
consists of a hood connected to the 
outside air with a suction fan to 
draw the fumes and vapors away 
from the room. 

When through using the sprayer 
for the day, it should be thoroughly 
cleaned, particularly the nozzles, 
taking care that no partially dried 
varnish remains to clog the open- 
ings. The thinner used for the var- 


nish is entirely suited for this pur- 
pose. 
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In some shops where no oven is 
available and where dependence is 
placed upon the brushing or spray- 
ing method, it is the practice to dry 
the coils by passing an electric cur- 
rent through the windings. This has 
the advantage that the varnish is 
dried first inside the coil without the 
formation of a surface skin. Hence 
thorough drying is obtained 
throughout. It is, however, costly 
and therefore not economical when 
an oven is available. 


PRINCIPLES OF VACUUM-PRESSURE 
IMPREGNATING METHOD 


Still another method of applying 
insulating varnish to coils is by 
means of vacuum-pressure impreg- 
nation. Suitable sets for this pur- 
pose can be purchased outright. 
They consist of a storage tank for 
the varnish, a pressure tank that 
can be sealed so that no air can get 
in or out, and a vacuum pump. 

The coils to be treated are placed 
in the pressure tank and heated to 
about 220 deg. F. All valves are 
closed except that leading to the 
vacuum pump. The pump is started 
and run slowly for from 1 hr. for 
small coils to 4 or 5 hr. for those of 
large cross section. This process 
removes all occluded air and mois- 
ture from the interstices of the coil. 
That is, it simply takes the place of 
the preheating of the work in the 
dipping system. 

At the end of this time the heat is 
reduced to about 70 deg. F. and the 
best vacuum possible is drawn. The 
valve to the storage tank is then 
opened, without breaking the 
vacuum, and sufficient varnish is 
drawn into the pressure tank to 
completely cover the pieces. The 
valve to the storage tank is then 
closed and the pump stopped, after 
which air is let in through the valve 
at the top until atmospheric press- 


ure is reached. This valve is next 


closed and the pump started in the 
opposite direction so as to create a 
pressure of about 15 lb. This is 
maintained for from ½ hr. to 5 hr., 
depending upon the structure of the 
coils and the viscosity of the ma- 
terial used. Then the valve to the 
storage tank is opened with the 
pressure still on but reduced to that 
just sufficient to force the varnish 
out of the pressure tank. When the 
material is all back in the storage 
tank again, the valve is closed and 
the coils taken out. They will be 
found to be well drained but should 
be allowed to stand for at least an 
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hour at room temperature so as to 
allow the varnish to partially set. 
They should then be baked in ex- 
actly the same manner as has been 
described in the dipping and baking 
method. 

In general this method is alto- 


‘gether too expensive in comparison 


with the results obtained for ordi- 
nary use. Simple dipping will pro- 
duce like results provided that it be 
remembered that a longer time is 
required to completely fill the in- 
terior of the coils. 

The process is, however, the only 
one that will give satisfactory re- 
sults when solid compounds are to 
be used instead of the varnish. 
These compounds have the advan- 
tage that there is no solvent to evap- 
orate and hence they completely fill 
the coils in the first application. It 
must be remembered, however, that 
they resoften under heat and are 
therefore, unsuited for the treatment 
of those coils which are subjected 
to extremely high temperatures, or 
for the treatment of moving parts 
where the soft compound is likely to 
be thrown out by centrifugal force. 

The operation of the impregna- 
tion set is the same for compounds 
as for varnish except that the stor- 
age tank must be provided with 
heating coils capable of bringing the 
compound up to a liquid state. These 
heating coils should be placed in 
such a position that the compound 
is heated from all sides at the same 
time, rather than applying a very 
high temperature to the bottom of 
the tank. If this latter is done the 
compound at the bottom becomes 
liquid while that at the top is almost 
solid and an eruption is quite likely 
to follow. Also, the temperature of 
the pressure tank must be main- 
tained throughout the entire opera- 
tion at that which is required to 
keep the compound in the liquid 
state. Generally the pressure re- 
quired to force the compound into 
the coil should be at least twice that 
required when varnish is used. 

As the compound is repeatedly 
heated and cooled the temperature 
at which it liquifies gradually rises 
until a point is reached where it is 
impracticable, if not impossible, to 
melt it. Before this time arrives it 
is well to add a compound reducer. 
This reducer is usually a lower melt- 
ing point compound having other- 
wise exactly the same characteris- 
tics as the original and mixing 
perfectly with it. Once the storage 
tank has been filled with compound 
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it is generally unnecessary to add 
anything except reducer to replace 
that which is used in the coils. 

The type of apparatus needed in 
the average shop for the proper ap- 
plication of insulating varnishes and 
compounds has been outlined briefly 
together with a description of the 
general methods to be followed. 
Whatever method is chosen for ap- 
plying the varnish, be sure that the 
equipment is kept clean. Dirty 
equipment ruins insulation quite as 
quickly as does a faulty application. 
Wash your brushes or air spray as 
soon as you are through using them. 
Clean the varnish tank and strain 
the varnish at regular intervals. 
Remove the accumulation of dried 
varnish from the bottom of the oven. 
As in other lines of work, dirt 
breeds trouble. Keep your varnish- 
ing room and apparatus clean. 


— eo 


Goodyear Tire and 
Rubber Company 


(Continued from page 163) 


the world. The wholesale value alone 
of all the many rubber products 
manufactured in 1923 was upward 
of one billion dollars. In addition, 
the industry employs at the pres- 
ent time approximately 200,000 peo- 
ple in 170 manufacturing plants. 

After the crude rubber is re- 
ceived it must be washed and worked 
up several times under heavy rolls to 
get it into usable form. In one of 
these rolling or milling processes, 
the crude rubber is mixed with vari- 
ous compounds, such as sulphur, 
litharge, coloring matter and other 
materials. In the manufacture of 
rubber goods in which cotton cloth 
is used, the cloth is impregnated 
with the rubber compound, or “fric- 
tioned.” These coats are worked to- 
gether under pressure and vulcan- 
ized under heat and pressure, which 
gives the goods their accustomed ap- 
pearance. This treatment also sets 
the frictioned coat and gives the 
rubber the life and qualities which 
are required of it. 

Automobile tires, one of the most 
prominent rubber products, are now 
largely made by automatic machines 
instead of by hand as was the for- 
mer practice. This has resulted in 
the production of a better tire, be- 
cause a machine can lay the fric- 
tion-coated fabric or cord much 
more smoothly and evenly and draw 
it to the proper tension much better 
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than can be done by hand. One of 
the big problems of the industry is 
the seasonal demand for one of the 
most important products—automo- 
bile tires. To get steady produc- 
tion the year around requires large 
investments in finished materials. 


Lineshafting and 


Hangers 


(Continued from page 182) 


the shaft, which would in this way 
cause extra friction in the bearings 
and an uneven or vibrating drive. If 
the belt is too tight any bend is 
pulled straight with every revolu- 
tion; this results in a heavy power 
loss. It is not at all uncommon to 
find shafts which are bent enough 
so that it may be noticed by the eye 
as the lineshaft is in slow operation 
during the starting or stopping 
period. 

Post hangers are used commonly 
to fasten shafting to posts or walls. 
These are made rigid and with two- 
or four-point adjustments. Where it 
is necessary to get the extension, as 
is necessary on a wall to permit the 
use of pulleys, extension arms are 
used. Rigid post hangers or boxes 
give but little opportunity for ad- 
justment. Where adjustment and 
realignment are so difficult there is 
more excuse for neglecting misalign- 
ment. Post hangers are not used as 
much today as formerly due to the 
changes in modern building con- 
struction. With steel frame or 
trussed buildings the hangers are 
mounted on I-beams attached in turn 
to the steel trusses. Modern con- 
crete buildings set special anchor- 
ages in the concrete ceiling to sup- 
port shafting or other loads. 

Pillow blocks are more commonly 
used on large shafts or in severe 
work. Here the cap of the bearing 
is usually held down with four cap 
screws and is much more rigid than 
in a four-point, adjustable shaft 
hanger where the bearing is held 
simply by the ends of four bolts. 
Sometimes on heavy-duty shafts 
pillow blocks are used on brackets 
as post hangers. Where the service 
is severe, and generally on shafting 
larger than 41046 in., special sling 
hangers with pillow blocks on the 
wedge adjusting base plates are 
used to suspend shaftings. Heavy 
floor stands with adjustable pillow 
blocks are used in similar floor serv- 
ice. Whenever possible pillow blocks 
are mounted on concrete founda- 
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tions when used for heavy service. 

Pressed steel shaft hangers are 
being used quite extensively in ordi- 
nary industrial lineshaft applica- 
tions. They are not generally used 
in heavy power service or in the 
larger sizes. Practically all are 
made with four-point adjustment. 

A later article will take.up a dis- 
cussion of the various types of bear- 
ings used in lineshaft operation. 

Epitor’s Nore: Special acknowl- 
edgment is made to the following 
companies for assistance in furnishing 
information, data and illustrations for 
this and the other articles which ap- 
F on this subject: Allis-Chalmers 

fg. Co., Milwaukee, Wis.; American 
Pulley Co., Philadelphia, Pa.; Bond 
Foundry & Machine Co., Manheim, Pa.; 
H. W. Caldwell & Son Co., Chicago, 
Ill.; W. E. Caldwell Co., Louisville, Ky.; 
Chicago Pulley & Shafting Co., Chi- 
cago, Ill.; Dodge Manufacturing Co., 
Mishawaka, Ind.; The Fafnir Bearing 
Co., New Britain, Conn.; Falls Clutch 
& Machinery Co., Cuyahoga Falis, 
Ohio; Gund Manufacturing Co., La 
Crosse, Wis., The Hill Clutch and Ma- 
chine Co., Cleveland, Ohio; H att Roller 
Bearing Co., Newark, W. A. 
Jones Foundry & Machine bo. „ Chi- 
cago, III.; Link-Belt Co., Chicago, III.; 
Medart Co. „ St. Louis, Mo.; 85 Midwest 
Steel & Supply Co., Inc., New York, 
N. V.; Royersford Foundry & Machine 
Co., Philadelphia, Pa., Standard Pressed 
Steel Co., Jenkinstown, Pa.; The Skayef 
Ball Bearing Co., New Vork, N. V.; The 
Transmission Ball Bearing Co., Buffalo, 
N. V.; Weller Manufacturing Co. „ Chi- 
cago, Ill.; T. B. Wood’s Sons Co., 
Chambersburg, Pa. 
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Frequency Changes 
in A. C. Windings 


(Continued from page 193) 


60-cycle winding, the original 25- 
cycle turns and wire size could be 
used. The only changes required 
would be in the coil pitch. In this 
case all new coils would have to be 
made up, as it is hardly ever possible 
to spring coils back the amount re- 
quired in this change. 

In any change the final calcula- 
tions can vary at least 10 per cent 
higher or lower from the actual re- 
quired amounts without any serious 
results in the operation of the 
changed windings. 

When the use of these tables is 
thoroughly understood they will 
save considerable time and worry 
when it is desired to make any of 
the changes that have been de- 
scribed. 

Changes in Rotors.— The state- 
ments thus far in this article cover 
the stator winding, but when chang- 
ing the frequency, the rotor is also 
affected. If the rotor is of the 
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squirrel- cage type, the resistance of 
the end rings will have to be altered. 
When the frequency is raised the re- 
sistance of both end rings must be 
increased. If the starting and full- 
load torques are to remain the same, 
on a 25 to 60 cycle change, the cross 
section of each end ring should be 
reduced one-half. If this is not 
done, the motor will pull an exces- 
sive current while starting and will 
also take a higher full-load current. 

Therefore, when increasing the 
frequency, increase the resistance 
of the rotor end rings by decreasing 
the cross section of each ring ac- 
cording to the following propor- 
tional relation: A is to B as D is to 
C, from which the following formula 
is derived: A+B equals D C or 
B= AC — D, where A equals the 
area in square inches of each end 
ring at the old frequency, B the re- 
quired area at the new frequency, 
C the old number of cycles and D 
the new number of cycles. 

With a small cycle change, such 
as 40 to 60, 25 to 40, etc., the rotor 
can be put in a lathe and a cut taken 
off each end ring and with a 25 to 
60 cycle change reducing the area 
of each ring one-half will be suffi- 
cient. When reducing the fre- 
quency, say, from 60 to 25 cycles, 
the resistance of the rotor end rings 
must be decreased, or the cross sec- 
tional area in square inches in- 
creased as indicated by the above 
formula, the letters having the same 
meaning. With a small frequency 
change such as 60 to 40, 40 to 25, 
etc., brazing the rotor bars to each 
end ring will decrease the resistance 
a sufficient amount. 

The above changes are important 
and should be made regardless of 
any change made in the number of 
poles in the stator winding. The 
above statements are based on the 
fact that the resistance of the rotor 
end-rings on a 25-cycle motor is 
lower than that of the rings on a 
corresponding 60-cycle motor; con- 
versely a 60-cycle motor will have 
higher resistance rings than those 
of a corresponding 25-cycle motor. 

When the rotor is of the slip-ring 
type, and a change in the number of 
poles is made in the stator winding, 
a corresponding change must also 
be made in the rotor winding. That 
is, the rotor winding must be con- 
sidered in the same light as the 
stator winding and the coil pitch 
checked. Then if a change is re- 
quired, vary the turns per coil and 
size of wire according to the tables 
governing the stator change. 


Electric 
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Midwest Steel and Supply Company, 
Inc., 28 West Forty-Fourth Street, 
New York, N. Y.—The 54-page ar- 
chitects’ and engineers’ data book on 


“Midwest Steel Sections” shows 
numerous methods and types of an- 
chorage for erecting and supporting 
overhead shafting layouts, piping, 
cables, machinery, monorails, car 
tracks and various other equipment, 
either overhead, on the wall or the 
floor. Particular attention is given 
to types of anchorage and methods 
of installations in concrete buildings 
especially toward making provision 
for such anchorage in the construc- 
tion of the building. 


National Electric Manufacturing Com- 
pany, Inc., 651 Chatfield - Woods 
Building, Pittsburgh, Pa.—Folders 
describe the “Syntron” electric ham- 
mer and illustrate its use for drilling 
or chipping. This is of about the 
size and appearance of an electric 
drill and will strike 60 hammer blows 
a second. The hammer head is driven 
back and forth between two coil mag- 
nets. This can be used for drilling 
or chipping and is portable so that 
it can be carried to any part of the 
plant. It is especially applicable for 
miscellaneous drilling in concrete 
such as is necessary for erecting 
machinery or for other miscellaneous 
maintenance and erection work. 


U. S. Galvanizing and Plating Equip- 
ment Corporation, 32 Stockton Street, 
Brooklyn, N. Y.—A folder describes 
the U. S. moving electrode plating 
apparatus for plating with nickel, 
brass, copper, tin, silver, gold or zinc. 
This not only gives a description of 
the equipment and the advantages 
claimed for it, but also indicates the 
variety of work done. 


Detroit Torch and Manufacturing Com- 
pany, Detroit, Mich.—A folder illus- 
trates and describes the various De- 
troit portable torches and fire pots. 


Crown Die and Tool Company, 555 
West Monroe Street, Chicago, III. 
—A 16-page catalog covers Crown 
pipe stocks, dies, cutters, reamers, 
portable pipe benches, and portable 
and bench vises. Diagonally serrated 
pipe-cutter wheels are claimed to be 
easy cutting and have a long life. 
These are made to fit any standard 
size of pipe cutters. 


Warren Manufacturing Company, Nat- 
ick, Mass.—A folder describes the 
Acme portable lamp and floor stand 
which has an adjustable arm so that 
it can cover any point within an 8-ft. 
circle and reach to a height of 7 ft. 


Tester Manufacturing and 
Sales Corporation, East Sixth and 
Stark Streets, Portland, Ore—A 
folder describes the Universal fuse 
and circuit tester for testing alter- 
nating- or direct-current circuits of 
110 to 600 volts. This tester is 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 
writing to the manufacturer whose name and address are mentioned. It 
is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Weston Electrical 


Wilboken 


The Imperial 


Whiting Corporation, 
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claimed to be amateur-proof and is 
compact, as it weighs only 8 ounces. 
The lamp is enclosed so that there 
is no danger of glass flying in case 
of breakage. 


Instrument Com- 
pany, 4 Weston Avenue, Newark, 

. J—A 24-page booklet entitled 
“Electrical Savings in Industry” 
shows how Weston electrical meas- 
uring instruments may be used to 
obtain industrial economies. The in- 
teresting part of this booklet is that 
it shows actual economies made and 
how they were located. Some of the 
economies were in power distribu- 
tion; others in the use of motors, in 
proper arrangement of motors, in a 
study of new installation, in investi- 
gations into equipment reliability and 
into the use of light, and in making 
a power survey. 


Terkelsen .Machine Company, 346 A 


Street, Boston, Mass.—A folder de- 
scribes the Terkelsen machine for 
wrapping coils with a continuous 
protective strip. 


The Ransome and Randolph Company, 


Industrial Division, Post Office Box 
905, Toledo, Ohio.—A folder de- 
scribes the special mica milling cut- 
ters and undercutter. 


Manufacturing Company, 
Milwaukee, Wis.—Catalog 23 gives 
the line of Wilboken electric pressure 
switches for use in controlling the 
operation of air compressors, pres- 
sure release valves with wiring dia- 
grams, or switches to be used in con- 
nection with pumps where the equip- 
ment is cut in or cut out by floats 
or pressures, and other types of con- 
trol switches. 


Brass Manufacturing 
Company, 1200 West Harrison Street, 
Chicago, Il].—Folder 177 B covers the 
Imperial welding and cutting equip- 
ment which uses the oxyacetylene 
process. This includes also acety- 
lene generators. 


Trico Fuse Manufacturing Company, 


Milwaukee, Wis.—A folder entitled 
„When Buying a Fuse Look at the 
Inside“ describes the construction 
and other special features of the Tri- 
co renewable cartridge fuse which is 
powder filled. 

Harvey, III.— 
Two recent folders entitled, Bucket- 
Handling Cranes” and “Whiting 
Power House Cranes,” illustrate and 
describe this equipment in use in the 
two fields indicated by the titles. 


William W. Nugent and Company, Inc., 


410-412 North Hermitage Avenue, 
Chicago, Ill.—Bulletin 6 describes 
the Nugent shaft oiler, a special oil 
can which enables the shop man to 
oil from the floor. This eliminates 
the necessity of using ladders for 
such work, and also eliminates the 
resultant accident hazard. 
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Chas. A. Schieren Company, 30-38 
Ferry Street, New York, N. Y.—A 


series of bulletins entitled “Quality 
Facts About Belting” in looseleaf 
form will be distributed each month. 
Those requesting to be placed on the 
mailing list for this series will re- 
ceive a binder for filing bulletins as 
issued each month. The first of the 
series on “The Buying Guide” dis- 
cusses: The economy of good belt- 
ing, its relation to production, the 
buying problem, specifications—their 
true values, and the real bases for 
selection. 


Morris Electric Products Company, 101 


Fourth Street, Peoria, III. -A recent 
folder describes the Havens uni- 
versal lamp. This is a portable unit 
provided with five or twenty feet of 
extension cord and is provided with 
a wire guard and rotating reflector 
on a flexible gooseneck attached to 
a special grip clamp so that this 
portable lamp can be clamped on the 
work and the light easily directed 
over a wide range even in close quar- 
ters. This lamp combines porta- 
bility and control of the direction of 
light close to the work in a small 
unit that can be carried in an elec- 
trician’s or maintenance man’s 
trouble outfit. 


The Brown Hoisting Machinery Com- 


pany, Cleveland, Ohio—Booklet 10 
entitled “Man-Power Multiplied” de- 
scribes the Brownhoist No. 2, loco- 
motive cranes and shows how they 
reduce handling costs in eleven dif- 
ferent industries. These cranes are 
mounted on either “creeper” trucks 
or on four- or eight-wheel railroad 
trucks and may be used with a 
bucket, magnet or with a special 
gripping device for handling miscel- 
laneous material. 


Efficiency Refillable Plug Company, 


43 North Market Street, Palestine, 
Ohio—A folder describes a new re- 
fillable plug fuse which is made in 
capacities of 6, 10, 15, 20 and 30 
amp. and 125 volts. Other literature 
describes the types of cartridge fuses 
manufactured by this company. 


The F. V. Edwards Company, Nobles- 


ville, Ind.—Catalog C describes the 
line of “Never-Slip” friction clutches 
and couplings. These embody a spe- 
cial V-clamping device. 


T. J. Tagliabue Manufacturing Com- 


pany, 18-88 Thirty-third Street, 
Brooklyn, N. Y.—Catalog 904 covers 
the entire TAG line of industrial 
thermometers, automatic controllers, 
recording and dial indicating ther- 
mometers, vacuum gages, gas analy- 
sis recorders, oil testing instruments, 
hydrometers, laboratory thermome- 
ters and other products. 


Condit Electrical Manufacturing Com- 


pany, South Boston, Mass.—Bulletin 
No. 429-3 describes the Condit man- 
hole oil switches, type M-5 and M-6, 
of a maximum rating of 300 amp. 
and 4,500 volts. These single-throw, 
two-, three- or four-pole switches 
are provided with a detachable sup- 
porting bracket and oil well to fa- 
eee the treatment and testing of 
oil. 


Delaware Hard Fibre Company, Wil- 


mington, Del.—A folder describes 
„Egyptian“ fibre, gives its charac- 
teristics, both physical and electrical, 
stock sizes, and suggestions on meth- 
ods of working it. 
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“Ha rris, as an executive, 
I look for performance 
and economy ina brush ~ 
As Power Superintendent, 
what do you look for?” 


“Well, Sir, I look for that efficient performance and 
economy as found only in the STACKPOLE CAR- 
BON BRUSH. 


For instance, take their Grade S-933. That brush 


was especially developed for rotary converter slip 


i f all si d ds and for slip ring induc- 
STACKPOLE tion motors. It is made by an altogether new 


method and results in a longer brush life and less 
CARBON CO. ring wear, than I ever thought possible. 
St. Marys, Pa. I know because we're using them right now and have 


found them unusually satisfactory and dependable.” 


the Better Brushes with the Longer: Lite 
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The Type AR Has a Broad 
Range of Industrial Usefulness 


Allis-Chalmers Type “AR” Motors are of special interest to 
Plant Executives and Maintenance Men because of their all-steel 
construction, and the simplicity which results from unit features 
of design. For example, the stator end frames and feet are cast as 
a unit from electric steel. This insures great rigidity and elim- 
inates breakage. | 


Intelligently selected for specific needs the “AR” has tre- 
mendous adaptability. It is capable of handling the stiffest assign- 
ment without faltering day in and day out for long periods. It is 
built for hard service and trying conditions and it does the job 
wherever put. Built in sizes from 34 H. P. to 200 H. P. for all 


the standard voltages. 
E| CHALMERS 
5 
P i * if 
Condensers 


ALLIS-CHALMERS 
PRODUCTS 
Electrical Machinery 
Steam Turbines 
Steam Engines 


Send for Bulletin No. 1118C 
Gas and Oil Engines 


ALLIS-CHALMERS 
Hydraulic Turbines 


tH] MANUFACTURING COMPANY 
; Crushing and Cement 
Sit , MILWAUKEE, WISCONSIN. U.S.A. 


District Offices in All Leading Cities. 
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stant incentive for economic sugges- 
tions and are open to any employee of 
the Company.’ 


Your Ideas Are On a 


Worth Money 


But Like Ore in the 
Ground They Must Be 
Dug Up and Put Into 
Such Form That They 
Can Be Practically 
Applied 


E INTRODUCE to our readers 

through the accompanying pho- 
tograph Mr. A. L. Carter, general re- 
pairman at the Westport plant of the 
Consolidated Gas, Electric Light and 
Power Company of Baltimore, Md. Mr. 
Carter is the winner of a $100 award 
for suggesting the use of Dot high- 
pressure grease guns in place of grease 
cups on ash conveyors, ash cars, stok- 
ers and coal equipment. He won the 
award because he proved that the idea 
would save the company more than 
$1,200 per year in preventing burning 
out of bearings, broken grease cups 
and removals of bearing caps to clean 
the grease grooves. He showed how 
the grease gun can be used to force 
out the small amounts of dirt that 
work into the grease groove and that 
the gun is no more expensive than the 
ordinary grease cup. 

The system of awards set up by the 
company by which Mr. Carter is em- 
ployed was inaugurated May 1, 1922. 
Since then $3,000 have been appropri- 
ated every twelve months to be dis- 
tributed in monthly prizes of $100, $75 
and $50 for the best operating sugges- 
tions that would produce a saving of at 
least $100 per month. In the statement 
outlining the basis of the awards, Her- 
bert A. Wagner, president of the com- 
pany, said in part: 

“We know that we can do many 
things in a better way, and we look for 
and welcome suggestions from the men 
on the firing line. It is the desire of the 
management to encourage everyone in 
the organization to develop his powers 
of observation and his mental capacity 
for constructive effort, with the assur- 
ance that successful efforts will bring 
reward and advancement. The pro- 
posed awards are intended to be a con- 
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little use until they are dug up and con- 
verted into a practical form. Then 
they are worth money to someone. The 
suggestion that I want to make to 
readers of this page is to dig up the 
results of your experience and the 
methods you have used to improve op- 
eration or cure troubles and send a 
brief description of the scheme to me. 
If it meets the ideas of the editors as 
a good practical suggestion you will 
be paid at the best rates that item will 
command. Some of our readers who 
are already following this plan are now 
receiving monthly checks varying from 
$2 to $50 depending upon the value of 


the suggestion or article that is sent 
in. From January 1, 1922, to January 
1, 1924, just two years, 238 readers of- 
INDUSTRIAL ENGINEER contributed sug- 
gestions and articles. 

Here, then, is a way that you can 
cash in on your ideas and besides join 
our family of men who are getting 
down in black and white a record of 
the worth-while things they are doing. 
Let's get acquainted and show, as Mr.. 
Wagner has said, that the firing line- 
is chock-full of suggestions for better 
ways of doing things. 


Goirt CAT 
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A Glimpse Into the 
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Works of Eastman Kodak Company 


One-twelfth of the silver bullion produced in the United States is utilized in sensitizing films. 


In addition, produc- 


tion of sensitized paper, cameras, lens, and other photographic supplies offers widely diversified manufacturing problems. 


OUGHLY, the work of the East- 
man Kodak Company, Roches- 
ter, N. Y., may be divided into two 
general subdivisions: The produc- 
tion of kodaks and cameras, and, of 
the film and printing paper to use 
with them. The first calls for a 
variety of manufacturing and as- 
sembly processes using chiefly alum- 
inum, brass, steel, leather and wood. 
The manufacture of film and sensi- 
tized paper is a chemical process 
with a high fire hazard. As the qual- 
ity of the product must be assured, 
many of the raw chemicals used are 
also produced. 

A refrigeration plant with a total 
daily capacity of 4,350 tons—suffi- 
cient for a city of 200,000 people— 
and a private water supply system 
of twelve million gallons daily capa- 
city, connected directly with Lake 
Ontario, six miles away, further sug- 
gest the scale of manufacture of this 
great photographic industry. 

Power and light for Kodak Park 
are furnished by three turbine- and 
three engine-driven electric gener- 
ators with a total capacity of 7,000 
kW., or nearly 10,000 hp. Another 
4,000 hp. is furnished by the 
Rochester Gas & Electric Corp. Ap- 
proximately 4,300 motors are re- 
quired to operate the machinery in 


Plant and offices of the Eastman 
Company in 1890. 


This factory building was used by the 
predecessor of the present Eastman 
Kodak Company a year or two after the 
kodak was invented. The first kodaks 
were loaded at the factory with film 
for 100 pictures; after making the ex- 
posures the amateur returned all to the 
Eastman Company to have the pictures 
developed and the kodak reloaded with 
a roll of paper film. In this way, the 
slogan, “You press the button, we do the 
rest,” originated. 


the buildings and 40,000 electric 
lights are required to light them. 
Steam is supplied from two power 
houses, which are approximately a 
mile apart and use about 500 tons 
of coal a day. High-pressure steam 
is carried this distance through an 
especially-designed 12-in. pipe line. 


The first portrait made in Amer- 
ica, in 1840, took six minutes to ex- 
pose in strong sunlight, with the 
face of the subject thickly powdered 
to facilitate exposure. Today the 
same picture could be made in 
1/1500 second. 

When George Eastman in 1878 
became interested in amateur pho- 
tography, the outdoor equipment 
consisted of a load of paraphernalia, 
which included a bulky view camera, 
heavy tripod, glass plates, dark tent 
for loading, unloading, sensitizing 
and developing the plates, nitrate 
bath and water carrier. The techni- 
cal requirements were high also. 

These were the collodion or “wet 
plate” days of the craft. Dry plates 


Kodak Park Works is the largest 
of the four Rochester plants of the 
Eastman Kodak Company. 


This plant covers about 230 acres and 
contains 119 buildings, with a floor 
space of over eighty acres. The prin- 
cipal products of this plant are: mo- 
tion picture, kodak and portrait films, 
upwards of 150 brands of photographic 
paper, dry plates, chemicals, devel- 
opers and other photographic equip- 
ment. In the preparation of these ma- 
terials factories are maintained for the 
manufacture of raw paper, gelatin, 
acids, and many minor items. This 
plant has a capacity of about one hun- 
dred million feet of motion picture 
film each month, or approximately 226,- 
000 miles per year. This plant main- 
tains its own fire department with 150 
trained men, and a large amount of 
equipment. 


which Eastman brought out in 1880, 
scrapped a large portion of the load 
and made results less dependent on 
skill. But plates, whether wet or 
dry, are heavy and breakable and 
the inventor continued along the 
path of simplification with the roll- 
able-film idea always in mind. In 
1885 a roll-film of coated paper, to 
which the sensitized emulsion was 
affixed, was realized and a roll 
holder adapted it to the ordinary 
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The entrance to Kodak Park and a 
room in the research laboratory. 


About eighteen of the 230 acres in 
Kodak Park are laid out with trees, 
Shrubs and lawn. In addition, the 
workers have recreation and athletic 
fields with tennis courts, baseball dia- 
monds, football grounds and a cinder 
track. A modern three-story building 
is erected solely for the use of the 
workers with separate dining halls for 
men and women, rest and smoking 
rooms, and a large assembly hall for 
dancing, musical programs, concerts, 
basketball and indoor baseball. The 
quality of the chemical materials used 
in photographic products is maintained 
by a staff of 120 chemists, physicists 
and photographic experts. 
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Four steps in the manufacture of 
photographie film. 


The base of film is a cellulose product 
made by nitrating cotton. After wash- 
ing and drying, the cotton is treated 
with a mixture of nitric and sulphuric 
acids. The excess acid is removed in 
the centrifugal machines (upper left). 
This nitrated cotton is mixed with the 
solvents, of which alcohol is the prin- 
cipal ingredient, until it is a thick mix- 
ture. At the coating machine (left) 
it is made into sheets 2,000 ft. long and 
31% ft. wide, which, when dry, become 
the familiar transparent thin film back- 
ing upon which is spread (right), the 
sensitive coating of salts of silver. The 
pure silver bullion is first dissolved in 
nitric acid to form silver nitrate (above 
at right), evaporated to crystals and 
later mixed with potassium bromide 
and gelatin, dissolved in hot water into 
an emulsion which is spread over the 
film (at right). The film is then slitted 
and wrapped on spools or cartridges. 
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view cameras in use. From this 
combination a new type of camera 
altogether was devised for which 
the inventor coined the name “‘ko- 
dak.” This was a simple, portable, 
easily manipulated box camera that 
took round pictures 2% in. in dia- 
meter, and was loaded at the factory 
with rollable film for 100 exposures. 
When the exposures were made the 
kodak and film were returned to the 
factory (Continued on page 258) 
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THIS IS THE THIRD of a 
series of articles on bearings 
of the sleeve, roller and ball 
designs, that give the ad- 
vantages of each compared 
with the others from the 
standpoint of meeting the 
wide range of service condi- 
tions in industrial work. 
This article describes the ap- 
plication of ball bearings to 
a drive subjected to the sand, 
dirt and severe duty typical 
of a foundry. INDUSTRIAL 
ENGINEER invites users and 
manufacturers to contribute 
their comments on the infor- 
mation presented in this 
series. Comments relating to 
improvements in bearing 
service that actual operation 
has shown, are particularly 
invited.—Eprrors. 


How Bearing Troubles 
Were Corrected by 
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Changing Housings 
To Use Ball Bearings 


And Frequent Inspections and Replacements of 
Former Bearing Sleeves, End Bells, Shafts and 
Resulting Repairs Were Prevented. 


By ROBERT W. DRAKE 


Electrical Engineer, McCormick Works, 
International Harvester Company, 
Chicago, Ill. 


FTENTIMES something 
() more than the application of 
ball or roller bearings is re- 

quired to correct a troublesome bear- 
ing situation. This article describes 
the application of ball bearings to a 
heavy-duty drive subjected to an un- 
balanced load and to an atmosphere 
filled with sand, and relates the 
methods used to make a sand-tight 
bearing housing. The same methods 


could be used on any bearing sub- 
jected to excessive dirt or which 
must perform in an atmosphere filled 
with abrasive material such as ce- 
ment, sand, coal or emery dust. 
During the war, several molding 
machines ‘of an entirely new type 
were installed at the plant with 
which I am connected. As produc- 
ers of molds they were a great suc- 
cess, but the maintenance of the 
driving end was quite a problem. 
The machines were served by an 
overhead sand conveyor system. 
One 2-hp. motor fed the tempered 
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Dust-proof housings and ball bear- 
ings are used on this motor. 


The motor drives a member which is 
approximately balanced when new 
but is rapidly worn by the action of 
the sand passing through it so that 
replacement of it is necessary once 


or twice per shift. Before replace- 
ment this member becomes tremend- 
ously out of balance and the vibra- 
tion from it is transmitted to the 
bearings of the motor direct con- 
nected to it. Before ball bearings 
were used in this motor, the sleeve 
bearings averaged six-week’s life but 
many failed to stand up six days. 
They failed by pounding loose in the 
end bells. The cylindrical object above 
the motor is the control switch. 


\ 


sand to the machine, a 1-hp. motor 
riddled the sand and fed it through 
the molding machine, while a third 
motor of 3-hp. capacity operated the 
molding mechanism. The motors 
originally furnished with these ma- 
chines were standard, constant- 
speed, induction motors of competi- 
tive grade. 


DRIVE OPERATES UNDER UNUSUALLY 
SEVERE CONDITIONS 


The operating conditions were un- 
usually severe. The whole machine 
was subjected to a faint “drizzle” of 
falling sand. The 2-hp. motor oper- 
ated a crank mechanism, which re- 
quired a varying torque, ranging 
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from zero to approximately 175% of 
full load every two or three seconds. 
So heavy was the load that a stand- 
ard motor would not start at the 
point of maximum torque and a mo- 
tor with a high-resistance rotor was 
necessary. The 3-hp. motor was di- 
rect connected to a member revolv- 
ing at 1200 r.p.m., which was ap- 
proximately balanced when new, but 
was rapidly worn by the action of 
the molding sand which passed 
through it, so that replacement of 
the part constituting the wearing 
surface was necessary once or even 
twice per shift. Before replace- 
ment, this revolving member was 
tremendously out of balance due to 
wear. The consequent vibration 
was transmitted back to the direct- 
connected motor, giving a service 
comparable to that experienced with 
a steel pinion of coarse pitch and 
few teeth, which is operated with a 
very badly worn gear. 
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The motor bearings as furnished 
were die-cast sleeves. These sleeves 
averaged six-weeks’ life but many 
failed to stand up six days and some 
lasted scarcely as many hours. They 
commonly failed by pounding loose 
in the heads, or end bells, rather 
than by wear. The end bells also 
wore rapidly as soon as the bearings 
became loose. The average life of 
end bells was less than one year. 
Shafts wore out in a few months. 


Stuffing boxes on this ball-bearing 
housing make it dirt and grit tight. 


The bearing housing in which is placed 
the ball bearing, is split into two parts 
which are held together by the bolts, 
M. This housing is fastened to the end 
bell or head, Det. 12, by the bolts, L 
The end bell is fastened to the stator 
frame by the bolts, O. The bolts, N, 
tighten the gland, Det. 7, in the stuffing 
box. When the rotors are changed the 
bearing housing is not opened but is 
changed with e rotor. When chang- 
ing rotors, the end bells are removed 
by taking out the bolts, O and L. The 
rotor complete with bearings enclosed 
in their housings is then removed as a 
unit. Any repairs that may be re- 
quired for the bearings, are made in 
the electrical repair shop. 
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The time of one competent motor in- 
spector was required for thirteen 
machines (thirty-nine motors) and 
he worked ten or fifteen hours per 
week overtime (frequently with one 
or two assistants) replacing bear- 
ings, changing motors and rotors 
and carrying out other repairs 
which could not be made while the 
machines were in operation. How 
much time was spent by machinists 
making parts, pressing in new 
shafts and doing other repair work 
for these motors, I do not remember. 


BALL BEARINGS SELECTED FOR THE 
APPLICATION 


Clearly here was an application 
which called for a super-motor, a de- 
sign having ruggedness as far 
superior to the ordinary, constant- 
speed a.c. motor, as the best mill- 
type d.c. motor is superior to the 
ordinary type of d.c. crane motor. 
If a reliable motor could be ob- 
tained, the saving in repairs would 


a oe — 
-r —m 


— 


Directions for the Aveernbly of Ball Bearings in Dust-Proof Housing 


I. Assembly of Rotor—to Be Done 


by Toolroom. 
A. Assemble Det. 2, 


be within 44”. 


II. Assembly of Bearings—to Be 


Done in Electrical Shop. 


A. „„ ely of Coupling-End Bear- 


ng. 


1. Check all dimensions as per 


drawing. 
2. Assemble 

tighten 

gers an 


before assembly. 


8. Assemble inside nalf of bearing 
housing. Det. 7-10. Care being 
taken that felt packing is in 


place. 


Heat bearing to 170 degrees 
ath. Slip the 


F. in an oil 


bearing into place and strike 
lightly with a pipe slightly 
larger than the shaft. 


4 and 5 on 
shaft. Assembly dimensions must 


stuffing gland. 
land bolts with fin- 
lock with washers, 
as shown in small sketch in 
upper center of drawing. Hole 
in washer must be neat fit for 
bolt. Soak felt in cylinder oil 


4. Press short bushing, Det. 3, 
into place. Pack bearing with 
vaseline then put outside 
stuffing box, Det. 9, and gland, 
Det. 7, into place. 

B. Assembly of Front-End Bearing. 

1. Proceed as in 2 above. 

2. Put filler washer into place, 
Det. 8. Then slip bearing 
into place cold. 

3. Put washer, Det. 6, into place 
and tighten nut on shaft firmly. 
Pack with vaseline as above. 

4. Put head, C, on coupling end 
of motor and put cap screws 
in place. 

5. Slip rotor and bearings as- 
sembled, into place from front 
end of motor. 

6. Put motor head, F, on front 
end and tighten cap screws. 

7. Put on front end cap and test 
rotor forend play. This should 
be Ye” + 16.7“. If it is more 
or less than this, the motor 
must be run with the front 
end cap removed, ang careful 
measurements taken to see 
whether the filler ring, Det. 8, 


is the proper thickness and 
whether a washer is needed 
under the cap or something 
must be turned off the end 
cap The rotor should float 
without rubbing on the filler 
ring. 

8. When end play of rotor is 
correct, drill shaft nut and 
shaft for a K in. cotter pin. 
The eye of the pin must be 
hammered down flat and the 
bent end cut off short to keep 
the pin from rubbing on cap. 

9 Gage air gaps on each quar- 
ter of motor and rotate heads 
to bring largest gap at bot- 
tom of motor when installed 
in place. 
When necessary to change 
bearings or rotor, take out 
cap screws that hold the stuff- 
ing box to the head on front 
end and coupling end of mo- 
tor. Then take out cap screws 
that hold head, F, on front end 
of motor. The rotor and bear- 
ings can then be taken out 
the front end and new parts 
put in place. 


10. 
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quickly repay any cost, reasonable or 


unreasonable. The saving in idle 
time and manufacturing delays 
would be greater still. 

A year was spent in gathering 
data on repair costs, to convince the 
powers who hold the purse strings 
that a considerable expenditure was 
warranted; in various experiments 
with bronze bearings; in a vain ef- 
fort to find a bearing material which 
would give a reasonable life; and 
finally in a canvass of available com- 
mercial motors in the hope that some 
make of squirrel-cage induction mo- 
tor could be found which would give 
a reasonable degree of reliability on 
this application. 

We finally decided that no type of 
sleeve bearing with special dust pro- 
tection would give the degree of re- 
liability which we sought. We turned 
to ball-bearing or roller-bearing mo- 
tors as a last resort. Certain re- 
quirements of the service convinced 
us that no commercial make of ball- 
or roller-bearing motor then avail- 
able would do, and we were forced 
to the conclusion that we must de- 
sign the mechanical features of the 
required motor ourselves. 

The nearest similar service of 
which we could learn was the d.-c. 
axle-driven, lighting generator used 
under Pullman cars. These gener- 
ators must operate under the cars 
for several days at a time without 
attention or repairs. They are sub- 
jected to a veritable bombardment 
of cinders, dust and grit sucked up 
by high-speed trains. Maintenance 
of bearings and shafts is almost as 
much of a problem as in our appli- 
cation, except that hammering due 
to unbalance is not the rule. We 
learned that Mr. Ernest Wanamaker, 
Electrical Engineer, The Rock Island 
Lines, had attacked this problem by 


a design using oversize ball bear- 


ings, packed in grease and with spe- 
cial protection against the entry of 
dust. After several years of experi- 
menting, he had evolved a design 
which was remarkably reliable. We 
turned to him for advice and de- 
signed an experimental motor based 
on his experience. It stood up ad- 
mirably, but it was lacking in sev- 
eral particulars necessary for our 
service and it was also hard to dis- 
mantle and repair. We then evolved 
a design in the light of this experi- 
ence which has proved very satisfac- 


Bearing housing for the coupling 
end of the motor. 


Det. 2 is a renewable sleeve which is a 
light driving fit on the motor shaft. 
The inner race of the ball bearing fits 
over this sleeve and the outer race of 
the ball bearing slips inside of Det. 10 
at P. Det. 10 is half of the bearin 

housing which is held to the other half, 

Det. 9, by bolts at M. Both ends of 


the housing are sealed at the shaft by 
means of stuffing boxes, of which E is 
the packing and Det. 7 are the glands. 
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This motor is subjected to a faint 
“drizzle” of falling sand from the 
sand conveyor overhead. 


It operates a crank mechanism which 
requires a torque varying from zero 
to 175 per cent every two or three 
seconds. Due to the sand and the 
heavy load, bearing replacements 
were frequent until ball bearings en- 
closed in the dust-proof housing de- 
scribed in this article were used. 


tory. With twenty-six of these mo- 
tors in service for an average of one 
year each, we have been called upon 
to make only one bearing repair. 


FEATURES WHICH PREVENT DUST 
FROM ENTERING BEARING 


I will describe the main points of 
the bearing and explain the reason 
for each and the results accom- 
plished. We used the stators of the 
original competitive-grade motor, as 
we had experienced very little stator 
trouble, except that due to bearing 
failures and consequent rubbing of 
the rotor on the stator. As our ma- 
chines were built to fit these stators, 
we realized that we must either re- 
place complete motors whenever 
trouble occurred or evolve a design 
which would allow the replacement 
of rotors without opening up the 
parts enclosing the ball bearings, 
for the drizzle of sand would surely 
get into the ball-bearing chamber if 
this chamber were opened in the 
foundry. This was accomplished as 
shown in the illustration on page 
217. The ball bearing is enclosed in 
a split housing, which is sealed tight 
at the shaft by means of stuffing 
boxes. This housing is bolted to the 
head of the motor. On page 218 is 
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shown a cross section of the bearing 
at the coupling end of the motor. 
Det. 9 and Det. 10 show the halves of 
the housing. Each half is equipped 
with a stuffing box and gland, Det. 7. 
Since it was thought that the felt 
packing at E in the stuffing box 
would cause rather rapid wear of the 
shaft, the renewable sleeves, Det. 2 
and 8, were pressed on the shaft to 
provide for wear. The inner race of 
the ball bearing fits tight on the 
sleeve, Det. 2, and the outer race is 
a “sucking fit” inside of the half 
housing, Det. 10 at P. This allows 
the outer race to revolve slowly, thus 
distributing the wear on the inside 
of the race. 

There are several features of par- 
ticular interest concerning the stuff- 
ing boxes and the renewable sleeves. 
The sleeve, Det. 3, has a groove at 
H to facilitate the removal of the 
sleeve. The grooves, R, in the stuff- 
ing box are intended to catch the 
grease working out around the shaft 
and return it to the bearing through 
a hole at the bottom of the groove. 
The grooves, S, are intended to catch 
dirt that might work in through the 
packing. 

The end bells or heads, C, and F, 
may be removed, after which the ro- 
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tor, complete with ball bearings and 
with bearing-enclosing housing un- 
disturbed, may be replaced. All 
parts are interchangeable and a com- 
plete spare rotor with ball bearings 
and enclosing housing may be sub- 
stituted with the assurance that it 
will fit. The defective rotor assem- 
bly may be taken to a clean place in 
the shop and disassembled. 


BEARINGS WILL TAKE END THRUST 
FROM DRIVING ON COUPLING 


The motor is connected to the 
driven machine by a coupling. This 
coupling must be tight or it will 
work loose and wear the shaft. This 
means drive the coupling and drive 
it hard. We wished to avoid the com- 


The front-end bearing is arranged 
to take the end thrust from driving 
on couplings or pinions. i 
Det. 4 is a renewable sleeve over which 
is slipped the inner race of the ball 
bearing. The outer race is a slip fit in 
the housing half, Det. 10. The inner 
race is clamped on the renewable 
sleeve, Det. 4, by means of the washer, 
Det. 6, and the nut screwed on the end 
of the shaft. The end thrust on the 
shaft is taken at D, between the 
washer, Det. 6, and the other half 
housing Det. 11, which is bolted to 
Det. 10. There is 0.005 in. clearance at 
D, between Det. 6 and Det. 11. The 
ball bearings will “give” axially 0.005 
in. without injury, hence the end thrust 
caused by driving on a pinion or coup- 
ling will be transmitted from the shaft 
to the bearing housing. 
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plication of an additional thrust 
bearing to take this sledging. The 
illustration on this page shows how 
it was accomplished. Det. 4 is a 
renewable sleeve which is a light 
driving fit on the shaft, the same as 
Det. 2 on the other: bearing shown 
on page 218. The inner race fits 
over Det. 4 and the outer race fits 
into Det. 10, which is similar to the 
half housing used on the bearing on 
the coupling end. The inner race is 
clamped by means of the nut and 
washer on the motor shaft. End 
thrust is taken at D between the 
washer, Det. 6, and the bearing cap, 
Det. 11. There is commonly 0.005 in. 
clearance at D. The ball bearing 
will give 0.005 in. without injury. 
Thus the force of the blow is taken 
by the bearing cap, Det. 11. 

The bearings are run in pure re- 
fined vaseline or petrolatum. We do 
not use oil, for the motors are ordi- 
narily thickly covered with sand. 
We wish to remove the oil filling 
plugs as seldom as possible. Packed 
in vaseline they will run for a year. 
Several of these motors have been 
running for three years without a 
change of grease. A few have been 
examined but were found well 
greased. No grease will be given 
these bearings until the need for it 
has made itself evident. 

Judging from Mr. Wanamaker's 
development work, one necessity for 
reliable operation under grit condi- 
tions in severe service is very ample 
size of bearings. We are using on 
our 3-hp., 1200-r.p.m. motor, a 
standard, heavy-duty type bearing 
which, according to manufacturer’s 
data, is suitable for a motor of about 
50 hp. On our 2-hp. design we were 
forced to a proportionately smaller 
size of bearing by space considera- 
tions. These bearings are far above 
the manufacturer’s recommenda- 
tions as to size. They have stood up 
admirably but they are not subject 
to such severe abuse as are those on 
the 3-hp. motors. 

There is at present a widespread 
interest in ball-bearing motors for 
general service and special applica- 
tions. It is hoped that this brief de- 
scription may offer interesting sug- 
gestions and a basis for further 
improvement by others. About forty 
motors of this general type have 
been operated under exceedingly se- 
vere conditions on the previously de- 
scribed molding machines and on di- 
rect gear drives with metal pinions. 
The results have been beyond our 
hopes. (Continued on page 257) 
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Some Spots and Places 


Where Wiring Can Be Im- 
proved Around Machines 


With Do’s and Don’ts That You May Know About 
Arranged to Save You Time When Breaking in New 
Men and Helping Them to Understand Why You 
May Be so Fussy About Doing a Good Job 


ing and I have seen still more 

that was fairly good, but in the 
course of the last few years from my 
visits to many different kinds of 
plants I have come to realize just 
how good and just how badly a wir- 
ing job can be done. I have always 
maintained that a job of wiring can 
not be done too well. But it was not 
until one of my friends showed me 
his prize installation that I fully 
comprehended the dollars-and-cents 


i HAVE SEEN a lot of bum wir- 


Suggestions by 
value of a really good wiring job. 
In one room of his factory in 
which power for twenty operators is 
furnished by one. motor, $100 cov- 
ered the cost of the drive installa- 
tion, including foundation, conduit, 


wire, wiring supplies and labor. The 
wages of the twenty operators de- 


This is a “regular” job. There are two 
wound-rotor induction motors driving this 
bending roll which is located in a boiler 
shop. Notice the box the electrician has 
built around the terminal leads of the 
motor. The two enclosures with small 
holes punched in the sides are steel boxes 
enclosing the resistors. Possibly it would 
have been better to use grille-work in- 
stead but, providing the resistors do not 
overheat in these enclosures, it will be 
found that the sheet metal gives more pro- 
tection to the resistors than the grille- 
work would. To the lefi of each box are 
the drum controllers and above the drum 
controllers are the safety switches for each 
motor. The conduit work is very good— 
notice how the wireman has used elbows 
where he was not crowded for room be- 
neath the resistors; and look at the nipples 
connecting the drum controllers with their 
respective resistor boxes. The conduit is 
not conspicuously located and is placed so 
that it is well protected. The condulets 
at the left-hand safety switch and at the 
motor terminal box give the job a neat 
appearance. Rear-cover condulets were 
used so that wires could be easily pulled. 
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pending on this single motor drive 
amount to $10 per hour. Any refine- 
ment or improvement in this instal- 
lation that will prevent three twenty- 
minute shutdowns per year will, 
therefore, result in a saving of $10 
worth of labor that would be other- 
wise lost. Twenty per cent is a 
fairly good return on an investment 
and a safe figure to use in determin- 
ing how much money could be spent 
to prevent a one-hour shutdown per 
year on this motor. At 20 per cent, 
$50 will yield $10 a year. Conse- 
quently, an additional initial invest- 
ment of $50 on this installation is 
justified if it saves only one hour of 
delay a year. Since the wiring and 
installation cost for this motor 
amounted to $100, an increase of 50 


per cent of the actual wiring and 


installation cost would be justified 
if it saved the $10 per year in lost 
labor time. The point I am trying to 
get over is that it pays good divi- 
dends to install wiring and equip- 
ment in a substantial manner. 

There are several important fac- 
tors that determine the location and 
installation layout of wiring, con- 
duit, motor and control equipment. 
These are: 

(1) Safety 

(2) Continuity of operation 

(3) Convenience of operation 

(4) Ease of construction 

(5) Cost 


SAFETY Is FIRST CONSIDERATION OF 
ANY INSTALLATION 


If the installation layout that is 
being considered is unsafe, or likely 
to cause an occasional accident, it 
should at once be discarded. Even 
a considerable increase in machine 
output or lower installation costs, are 
unprofitable and expensive if the in- 
stallation is a hazard to life, or ma- 
chines or increases fire risk. 

What, then, is a safe installation? 
First and foremost all “live” parts 
should either be enclosed or guarded 
by screens or grille-work. This in- 
cludes switches, starting boxes, con- 


The installation shown at the left 
is not so bad, but you and I can see 
lots of ways that it could be im- 
proved. 


For instance, that open knife switch 
(1) is in a very poor location. The 
switch ought to be placea so that 
the operator could reach it from the 
other side of the machine when he 
stands at his 19 1 And besides, it 
ought to be an enclosed switch. Con- 
trast this with the conveniently lo- 
cated push button (1) in the right 
hand illustration. I don’t like the 
conspicuously located, “unprotected 
conduit (2) which runs up to the 
celling. Compare that with (2) in 
the right hand picture. What do you 
think of the comparison between the 
two installations at (3), (4) and (5)? 
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ONCE IN A WHILE a young 
fellow gets the idea that his 
boss is an old fogey and par- 
ticular far beyond any prac- 
tical necessity. But after a 
few years of experience, 
when he gets in a boss’s boots 
he forgets that at one time he 
did not know it all and some- 
times bears down a little 
hard on his men when their 
work is not just up to the 
standard that he knows it 
sa be. 

ecause I used to be one 

of those young fellows and 
later was a boss, I have tried 
in this article to point out 
the things that make a wiring 
job good and give the rea- 
sons therefor. If you are a 
boss pass this article around 
among your men. If you are 
not yet a boss, but expect 
some day to be one and want 
more information on any of 
the points discussed, just 
drop me a line and [ll try 

to give you what you want. 


This article will be fol- 
lowed by another with plenty 
of pictures of good and bad 
wiring jobs, so that you can 
check up your own work and 
sort of make a mental exam- 
ination of how good or bad 
it may be. 


trol panels, field rheostats, resistors 
and other control equipment. The 
operator should be free to concen- 
trate his entire attention on his job 
and should not be required to re- 
member that this or that part is 
“hot” and he must not get too close 
to it nor touch it. The installation 
should be made so that it is impos- 
sible for the operator to touch a live 
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part. Enclosed safety switches are 
now available at small cost that 
eliminate the dangers of open knife 
switches. Starting boxes and field 
rheostats are arranged with a cover 
over the buttons and an operating 
arm outside of the case. Resistors 
are provided with iron grille-work 
covers. Control panels can be cov- 
ered with grille-work, or better yet, 
enclosed in a sheet-iron case. 

One plant that I know of encloses 
all control panels in sheet-iron cabi- 
nets which are padlocked and only 
the electrical maintenance men have 
the key. This same key fits the 
padlock on the safety switches. and 
also the lighting distribution cabi- 
nets, and any other boxes or enclo- 
sures to which only maintenance 
men should have access. In another 
plant, in which a great many control 
panels are used, the panels, resistors 
and distributing buses are located in 
a control room, to which only elec- 
trical maintenance men have access. 

In this same plant since the mo- 
tors may be at a distance from, or 
out of sight of, the control panel or 
master switch, a safety switch is 
mounted on the railing inclosing the 
motor. This safety switch discon- 
nects the motor from the wires lead- 
ing back to the control panel. Con- 
sequently, when motors are being 
changed or when repair work is 
being done on the motor or machine 
driven by the motor, the safety 
switch is opened and locked open by 
a padlock carried by the repairman. 
This prevents any danger of shock 
or the possibility of someone start- 
ing the drive. 

It is hardly necessary to say that 
all moving parts should have some 
kind of enclosure or protection. 
Belts, gears, couplings, shaft ends 
and the like should either be en- 
closed or otherwise guarded. 
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Do you like to see exposed 
knife switches near the floor, 
as at (1) in illustration (A)? 
I don’t like to see them any- 
where. 


Compare (1) in A and in C with 
the push button starter shown 
at (1) in illustration B. Most 
of us prefer flexible and rigid 
conduit to the use of loom as 
shown at (2) in C. Contrast 
this with (2) in B. Don't you 
think that the inclosed-type 
starter (3) in B is much better 
than the exposed type (3) in 
A and C? 


* * „* 


The installation shown in 
illustration (D) is one that I 
like to look at. Take a look 
at the safetw switch (1) and 
compare it with (1) shown in 
illustration (E). 


Compare the two installations 
at (2) and (3). Of course, the 
job shown in D has an auto- 
matic starter (3) which is 
easier to inclose, while the one 
in E has a hand starter; still a 
metal cover might have been 
put over the exposed starter 
with a slit for the starting 
handle to project through. Or 
fully-inclosed hand starters 
might have been used. Notice 
the convenient location of the 
push button (4) in D and also 
the use of flexible conduit (2) 
between the wall and the swing- 
ing motor frame. 


* * * 


I’m willing to admit that 
there are lots of ways to do 
wiring, but I am sure that 
the job shown at (F) is not 
one of them. 


Lamp cord may have a great 
variety of uses but I believe an 
installation like that shown in 
G has any “lamp-cord” outfit 
beat. Notice the convenient lo- 
cation of the push button in the 
job shown in G, the inclosed 
control panel, the neat use of 
the condulets. how the conduit 
is protected by being clamped 
close to the column. and the use 
of the flexible conduit and mo- 
tor condulet. Here again is a 
case where a minimum amount 
of conduit and wire are used in 
an instaHation, -- 
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The units of the equipment should 
be located so that the operator will 
not fall over them, or bump into 
them when doing his regular work. 
A field rheostat should be located 
convenient for the operator to reach; 
still it should not be in a position 
where it will hamper his movements 
or where there is any possibility of 
his work hitting it and causing a 
motor runaway. It may seem unnec- 
essary to say such simple things; 
yet I have seen many cases of con- 
duit running along the floor for a 
man to trip over, of controllers lo- 
cated near the aisles or in a rather 
exposed position where they might 
be hit by material being moved from 
one job to another, and of field rheo- 
stats placed where a mam has to 
dodge around them every time he 
leaves his machine. 

Another important safety feature 
is the provision for stopping a ma- 
chine, especially in an emergency. 
This may be quite simple or com- 
plex, depending upon how quickly 
the machine must be stopped. In 
many cases a switch or device for 
disconnecting the motor is all that is 
required. In others, this means can 
be combined with a dynamic brake 
to shorten the time of stopping. 
Often these two methods are used 
with a shoe or band brake. The 
scheme used should be able to han- 
dle emergency as well as ordinary 
operating conditions and be positive 
and reliable. The point of control 
should be so placed that the oper- 
ator can quickly reach it in an emer- 
gency. The best way to go about 


- Here is another “temporary” job 
that me permanent. 


Doesn't it make you mad when the 
‘ boss asks you to make a temporary 
installation and then forgets that 
it was to be temporary? Temporary 
work is not a great deal cheaper 
than a permanent installation and it 
eventually costs a great deal more 
if the temporary job is permitted to 
remain as the permanent installation. 
The contrast between these two pic- 
tures ought to convince anyone of 
the error of a temporary installation. 
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With a motor condulet like this no 
one can very well complain about 
the inconvenience of removing it 
in an emergency. 


Remove three nuts and the entire 
condulet comes off leaving the motor 
just as though there never had been 
a condulet there. 


determining the location of the stop 
button is to imagine the various con- 
ditions that would require emer- 
gency stopping of the machine and 
then locate the button so that the 
operator can reach it under each of 
these conditions. 

Another safety feature that 
should not be forgotten is the 
grounding of the conduit system, 
switchboard framework and motor 
frames. The conduit system should 
be grounded at a point as near the 
source of supply as possible. The 
motor frame may then be bonded to 
the conduit system. This furnishes 
the ground for the motor. 


CONTINUITY OF OPERATION SHOULD 
BE MAINTAINED 


The second important factor gov- 
erning the installation of apparatus 
is continuity of operation or relia- 
bility. Lack of careful considera- 
tion of this factor shows up directly 
in production delays. In selecting 
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the location for a motor, provision 
should be made to protect it from 
moisture, escaping steam, dripping 
pipes, oil, acid, alkali, chlorine and 
other gases, dust, lint and other in- 
jurious substances. In many cases, 
such as some machine tools, cranes 
and the like, this question has al- 
ready been decided by the builder 
and a base plate has been provided. 
If the machine must be located 
where it is subjected to an injuri- 
ous atmosphere or dirt, the motor 
must be protected either by espe- 
cially-treated windings, enclosures, 
or a totally-enclosed motor such as a 
mill-type motor may be used. 

The motor should be placed on a 
firm foundation. A steel bed plate 
or framework, or a concrete founda- 
tion are best. Such a foundation 
and proper alignment of the motor 
with gear or coupling will go a long 
way towards eliminating vibration 
and resulting troubles that have 
small beginnings but may grow into 
serious proportions with natural 
wear and tear. 

Control panels, resistors and auto- 
starters should be located in as clean 
a place as possible and should not 
be subjected to moisture, escaping 
steam, dripping pipes, oil, acid, al- 
kali, chlorine or other injurious sub- 
stances. Usually control apparatus 
can be located so as to be free from 
such influences and if not it can be 
enclosed and full protection pro- 
vided. Resistors, however, must not 
be enclosed except with grille-work 
or a ventilated enclosure so that the 
heat ‘may readily radiate. Resistors 
should not be wired with rubber-cov- 
ered wire. The heat from the re- 
sistors soon melts the rubber and 
gives the job a very messy appear- 
ance and the insulating value is then 
destroyed. Flame-proof or asbestos 
wire should be used. In some of the 
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plants I have visited I noticed that 
they used bare trolley wire for the 
resistor wires. These are stiff 
enough to support themselves with- 
out insulators and naturally air in- 
sulation around a wire is about as 
good as could be desired. On larger 
installations I have seen small bus- 
bar used similarly. These bare leads 
can only be used when the resistors 
and control panel are adjacent to 
each other and the enclosures of the 
panel and resistors can be extended 
to protect the bare conductors. 
Where the resistor is not adjacent to 
the panel it is necessary to use con- 
duit and asbestos-covered or flame- 
proof wire. 

It goes without saying that the 
wiring should be protected at all 
points. There is only one sure way 
of doing this and that is by the use 
of metal conduit. All wiring in an 
industrial plant should, therefore, 
be run in either rigid or flexible me- 
tallic conduit, depending on the con- 
ditions of installation. The conduit 
should be continuous from outlet to 
outlet, or from fitting to fitting, and 
should be mechanically connected at 
each fitting. In other words, start- 
ing from the distribution cabinet 
the conduit should be attached 
thereto and if it goes to a pull box 
it should be attached to it rigidly by 
means of lock nuts. It should be 
fastened similarly at the enclosing 
cabinet surrounding the control 
panel. It is usually found best to 
end the rigid conduit running to the 
motor at a point on the wall, ceiling 
or floor, as the case may be, and run 
the final few feet to the motor con- 
dulet in flexible metallic conduit. 
This conduit can be moved out of 
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the way when changing the motors. 

This brings up another essential 
feature, which I consider very im- 
portant—the motor condulet. It is 
quite customary to see a good con- 
duit installation up to within a foot 
of the motor, the final foot or so 
being run in exposed wiring with 
clumsy taped joints at the motor ter- 
minals. Now since this is the point 
at which a lot of dirt and grease col- 
lects and the wires are often moved 
whenever an inspection is made, I 
think that this point in the wiring 
should receive a lot more protection 
than it usually gets. Many mainte- 
nance men advance the argument 
that a condulet fitting on the motor 
at the point where the terminals are 
brought out, causes trouble and 
takes up too much time in discon- 
necting and reconnecting a motor 
when a change is being made. I 
maintain that a careful inspection of 


the condulet shown on page 223 will 


The installation on the left worked, 
but I wonder how long it continued 
without trouble? 


This installation may have run a 
long time but don't you think it 
would have carried much more credit 
for 3 man who put it in if it had 
bee good as the one shown 5 
the "rights Take a look at the o open 

knife switch of one and the safety 
switch of the other; at the open wir- 
ing and the conduit work; at the un- 
sightly wood “bulletin board” cov- 
ered with asbestos and the steel 
frame work for holding the control 
equipment. Also notice the conve- 
nient location of the push button on 
the floor at the operators feet, in the 
picture at the rig Now I don't 

claim that the job e the right is per- 
fect. You, with your wide experi- 
ence, can undoubtedly nick. out lots 
of fla ws; for instance, the panel with 
the relays and contactor should be 
enclosed to keep it cleaner and to 
prevent danger of touching a live 
part. But don’t you think that you 
would rather have in your plant the 
installation shown in the right-hand 
picture, than that shown on the left? 
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completely refute this argument. 

It goes without saying that the 
size of conduit and fittings selected 
should be large enough to pull all 
the required wires through without 
forcing and skinning them. This is 
always an easy matter since the Na- 
tional Electrical Code specifies the 
minimum size of conduit for a given 
number of wires. Conduit of 1 ½- in. 
diameter and larger should be sup- 
ported at intervals not exceeding 
11 ft., while conduit of less than 
114-in. diameter should be supported 
at intervals not exceeding 6 ft. 

Sharp bends in conduit should be 
avoided wherever possible and stand- 
ard elbows or condulet fittings used 
instead. Where necessary to form 
bends, the conduit must not be flat- 
tened or kinked. The National Elec- 
trical Code states that the radius of 
the curve of the inner edge of any 
bend shall be not less than 8% in. 

In dye or bleaching rooms or any 
other location where the conduit is 
exposed to acid fumes and excessive 
moisture, the conduit should be 
painted before installation with two 
protective coats of red lead and lin- 
seed oil or other protective paint. 
After installation, all abrasion marks 
should be repainted. Pipe straps, 
conduit supports, junction and cut-- 
out boxes should be given the same 
treatment as the conduit. 

On conduit runs more than 500 ft. 
in length, and using conduit over 
1 in. in diameter, expansion joints 
should be provided to allow for the 
expansion and contraction of the 
conduit. This is a point often over- 
looked where conduit is exposed to 
the hot sun or where temperatures 
are high. (Continued on page 259) 
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STRUCTURAL WORK, such as this, 
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pre- 


sents one of the more difficult painting oper- 
ations. The value of the application, how- 
ever, is well shown by the striking differ- 
entiation of the parts painted in contrast to 
that on which the painters are working. In 
addition to reflecting the light and thus aid- 
ing in the illumination, such surroundings 
have a brightening effect upon the worker. 


You Can Get 


Better Illumination 
Without More Lamps 


In Many Instances and 


in Others Even Reduce 


Present Wattage When You Properly Direct Avail- 
able Light Rays and Provide Proper Reflecting 
Wall and Ceiling Surfaces 


By W. WENDELKEN 


Illuminating Engineer, Works Electrical 
Dépt., Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 


HITE and light colored paint 
Wbt on the inside sur- 


faces of buildings plays an 


important part in the utilization of 
the light output of the lighting units 
and thus materially assists in the 
resultant illumination. Also, when 
laying out a lighting system for any 
form of building, whether home, of- 
fice, or shop, it is especially impor- 
tant to know just what color scheme 
is to be used on the surrounding 
surfaces, for this will influence the 


kind and type of reflector and lamp 
equipment to be used. 

The efficiency of a lighting sys- 
tem, moreover, depends not only on 
the lighting units themselves, but 
also on the reflecting properties of 
the surrounding surfaces, mainly 
the walls and ceilings. The ceiling 
should be of a light tint, especially 
when indirect or semi- indirect units 
are used, for, as can be readily ap- 
preciated, with a totally indirect 
unit all light obtained on the work- 
ing plane is reflected from the ceil- 
ing, and if this happens to be of a 
dark shade or dirty the efficiency of 
a unit falls off rapidly. Likewise, it 
is often possible to obtain better 
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Mr. WENDELKEN Points Out 
That— 


To OBTAIN proper lighting no 
one thing will aid more than a 
coating of good white paint spread 
over the inside surfaces of the shop 
or building. With a correctly de 
signed lighting system and liberal 
use of white paint applied periodi- 
cally to all surrounding surfaces, 
the total wattage of a system can 
be reduced as much as 25 per 
cent, depending upon the intensity 
of the illumination required. Even 
in old installations where the walls 


are exceptionally dirty and the 


lighting equipment inefficient, im- 
mediate gains of from 10 to 25 per 
cent are obtainable by brightening 
things up with a good coat of 
white paint. 

In a building where no scaffold- 
ing is required and the work is 


mostly straight painting, brush 
work will cost approximately 30 
cents per 100 sq. ft. Where scaf- 
folding is necessary about 12 per 
cent should be added. Spray work 
can usually be figured to run about 
50 per cent of brush work. The 
expense incurred by installing good 
lighting and keeping things clean 
and well painted will be easily 
paid for by the results obtained. 


lighting in a room, even though 
equipped with poor lighting units, 
when the surrounding surfaces have 
been finished with the proper light- :--: 
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colored tints. The inefficiency of the 
lighting units is thus compensated 
by avoiding absorption on the re- 
flecting surfaces. 

` In industrial lighting, such as the 
lighting of shop buildings and man- 
ufacturing plants, the value of good 
lighting is a tangible asset that 
comes back to the employer in the 
form of .increased efficiency among 
employees and results in greater 
production and decreased labor 
turnover because of the more cheer- 
ful appearance and atmosphere. In 
a well-lighted shop there is a more 
pronounced mental alertness among 
the employees, who, as a result, are 
able to do more and better work. By 
proper lighting, dark corners, dark 
passage ways, elevator landings, 
stairways and other similar places 
are made safer, thus reducing the 
-accident hazard which is always 
present in a marked degree with 
poor lighting. 

To obtain proper lighting no one 
thing will aid more than a coating 
of good white paint spread over the 
inside surfaces of the shop or build- 
ing. With a correctly-designed 
lighting system and the liberal use 
of white paint applied periodically 


on all surrounding surfaces, the to- 


tal wattage of the system can be re- 
duced as much as 25 per cent, de- 
pending on the intensity of the illu- 
mination required. Thus, it will be 
seen that with large installations 
the saving in wattage alone will be 
considerable. Even in old installa- 
tions where the walls are exception- 
ally dirty and the lighting equip- 
ment inefficient, immediate gains of 
from 10 to 25 per cent are obtained 
by brightening things up with a 
good coat of white paint. In this 
case it would be possible to reduce 
the size of the lamps somewhat and 
still obtain the same intensity as 
before. The percentage of improve- 
ment will vary, of course, depending 
on the conditions of the old surfaces 
before making the change. 

It is generally advisable to paint 
all interior surfaces and maintain 


Four views showing the value of 
white paint applied to the walls 
and ceiling. 
All of these photographs were taken 
‘n the Westinghouse Works at night 
by the light from the lighting system 
only. Even though some of these 
buildings have high ceilings, the 
upper part of the views show a haze 
instead of a deep black, as is ordi- 
narily found in illustrations where 
the paint on the ceilings does not 
have high-reflecting value. It is 
ordinarily difficult to get anything 
but a deep black background in such 
. eviews as this without the aid of a 
Sflashlight or other illumination, be- 
esides that given by the lighting 
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them in respectable appearance any- 
way, for the good effect that light 
surroundings have upon the work- 
ing force. If white paint is used, it 
may be necessary to renew it some- 
what more frequently than if darker 
tints are used. However, in practi- 
cally all cases it will be found that 
the benefits from better illumination 
and its effect on the workers will 
more than overbalance the addi- 
tional expense. 

Because of the effect of the sur- 
roundings and of the type of work 
done in the building it is very diff- 
cult to set a definite time interval 
between paintings. In a dirty atmos- 
phere as in the Pittsburgh district, 
for example, it would probably be 
necessary to repaint about every 
two and one-half or three years. In 
cleaner districts and at cleaner 
work, this time should be almost 
doubled. The item of expense of re- 
painting likewise enters into the de- 
termination of an advisable period 
between repaintings. This question 
must be answered by the judgment 
and experience of those in charge. 

Our company makes no effort to 
clean painting jobs in the shops as 
the expense involved would very 
likely justify repainting. The labor 
cost, which is one of the largest ele- 
ments of cost in painting, and the 
difficulty of erecting scaffolds and 
staging, would be about as great for 
a cleaning operation as for repaint- 
ing. Some of the offices, however, 
where the finish is not so dirty and 
where the rooms are not so large, 
are cleaned periodically. In cases 
like this, it is possible to save time 
and money by cleaning a surface in- 
stead of repainting. 

It is always advisable to use a 
good quality of paint even though it 
is not exposed to the weather and 
will last almost indefinitely. The 
greatest depreciation is, of course, 
in reflecting value. The experience 
at the East Pittsburgh Works has 
shown a decrease of about 10 per 
cent in reflecting value in the first 
three or four months; after this, 
however, the decrease is not so 
rapid. Ordinarily, a depreciation of 
about 20 per cent the first year and 


Four views of white-painted ceil- 
ings where the lighting unit is 
placed close to the ceiling. 


In the upper three views metal re- 
flectors are used. The illustrations 
easily show the reflecting value of 
the white ceiling in these cases. The 
lower view of an office shows an in- 
stallation of Westinghouse Sol-lux“ 
luminaires. In offices at the West- 


inghouse plant the paint is some 
times cleaned, although no effort is 


made to clean it in the shops. 
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10 per cent each for the second and 


third years is expected. This, of 
course, may be greater or less ac- 
cording to the conditions, as previ- 
ously expressed. 

Any of several good grades of in- 
side paint on the market can be 
used as well as one or two brands 
that are sold and advertised espe- 
cially as an aid to factory lighting. 
The cost of any of these is not ex- 
cessive and they not only aid won- 
derfully in securing illumination 
but also form a protective coating 
on the surface painted, thus per- 
forming a dual purpose. Even a 
good grade of white wash will serve 
for small outbuildings and sheds 
where appearance is not so essential. 
Whitewash may be applied at less 
expense but it is not so lasting. 

As to the kind and color of paint 
to be used, several have been tried; 
but for all general purposes, such as 
the inside of shop buildings, manu- 
facturing plants and other indus- 
trial applications of this kind, a 
good grade of white inside gloss 
paint is most satisfactory, with a 
medium gray border about 4 ft. 
high from the floor running around 
the room. This gives a good ap- 
pearance and is standard practice 
with several companies. 

The gloss will not be objectionable 
after a few days’ service, unless in 
the direct line of vision, and this 
kind of paint stays clean longer even 
where subjected to smoke or dirt. 
Flat paints will be found to be more 
suitable in a small enclosed room 
where the occupants must continu- 
ally gaze at the wall. Here the glare 
from a gloss paint would prove dis- 
agreeable. In general, however, 
a gloss paint will prove better and 
longer lasting, and for this reason 
is to be recommended for all places 
where it is suitable, especially build- 
ings of large area and where fre- 
quent painting is not convenient. 

For the inside of small rooms, 
store buildings, office buildings, 
residences and the like it is almost 
compulsory to use a flat paint with 
some suitable color scheme such as 
light cream for the ceiling and light 
grey, tan, buff or any suitable light 
shade for the walls. Buildings of 
this description are not subjected 


A before and after view showing 
the contrasting value of white 
paint. 


Straight work, such as this, even 
though it requires the use of scaf- 
folding or slings. may, in many 
cases, be spray painted. If painting 
„must be done at night so that it will 
-` “not interfere with crane service, it 
often adds to the cost. 
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to dirt as much as shop buildings 
are and a more subdued color 
scheme using flat paints will be 
found to be much more appropriate. 

Paint can be applied either by 
brush or spray, depending on condi- 
tions. The spray is commonly used 
where large areas are to be covered 
and where the quality of the work is 
not so important. Good quality 
painting can be done by spray by 
experienced operators if they take 
the necessary time and care. In of- 
fices and similar places it is neces- 
sary to paint with the brush but in 
large areas where there is no objec- 
tion to the paint permeating the air, 
the spray is the best method to use. 
This is not objectionable in most 
shops as the machinery on the floor 
can be covered over during the 
spraying period and protected from 
the paint which escapes into the air 
from the spray. By using the spray 
the job can be done at about one- 
half the labor expense of brush work 
and in about half the time. There 
are, of course, some places which 
can only be covered with the brush. 
Conditions and structural details of 
the building will dictate the best 
method to be used. 

The total cost of a painting job 
will vary according to the structural 
features of the building, the cost of 
the paint, whether scaffolding will 
be required, whether brush or spray 
is to be used, and, lastly, whether 
the job is to be done on straight 
time or overtime. 

In a building where no scaffolding 
is required and the work is mostly 
straight painting, brush work will 
cost approximately 30 cents per 100 
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sq. ft. Where scaffolding is neces- 
sary about 12 per cent will have to 
be added to this figure. Spray work 
can usually be figured to run about 
50 per cent of the cost of brush 
work. These figures apply to work 
on straight time and at the price of 
labor as paid in the Pittsburgh Dis- 
trict at the present time. They will 
vary somewhat according to the la- 
bor rate and details of the building 
to be painted but can be taken as 
fairly accurate for estimating. 

The night photographs accom- 
panying this article will give the 
reader some idea of the advantages 
to be obtained from the use of paint. 
These were all taken throughout the 
works of the Westinghouse Electric 
& Manufacturing Company and 
show the liberality of the use of 
paint. These photographs were all 
taken by light from the lighting 
system only and have not been re- 
touched. A good night photograph 
of a lighting system is hard to ob- 
tain unless the best of conditions 
prevail. In these pictures the paint 
jobs were only from one to three 
months old, and for this reason the 
majority of the pictures are excep- 
tionally clear in detail. Without the 
assistance of the white paint it 
would have been difficult to obtain 
pictures anyway approaching these. 

It is the writer’s experience that 
the money spent for painting and 
good lighting is one of the best in- 
vestments that can be made for in- 
creased efficiency and production. 
People unconsciously react to good. 
lighting conditions. No man can do 
his best under poor light nor will he 
be contented with such surroundings. 
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THIS IS the second and concluding 
article covering lineshafts, hangers 
and hanger bearings. In a group 
drive successful operation depends 
largely upon alignment of shafts 
and low friction loss in bearings. 
Misalignment increases the power 
consumption as it requires bending 
and straightening the shaft at each 
revolution. In some cases the power 
required to do this has been about 
50 per cent of the entire operating 
load. When shafts squeal or groan 
on starting or stopping it will pay 
to look into the alignment. Better 
bearings may decrease this friction 
loss, but alone they will not com- 
pensate for misalignment of the 
lineshaft and neglect of proper at- 
tention to lubrication. 


Some Types and 
Applications of 


Babbitt, Ball 


INDUSTRIAL ENGINEER 


* 
S — 


10 
* i 
— : — 


and 


Roller Hanger Bearings 


Together with Various 


Methods Employed for 


Spreading the Lubricant Over Bearing Surfaces 
and Ways to Reduce Friction Losses 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


ROUP DRIVES, to be eco- 
G nomical, require, in addition 
to a driving unit of sufficient 
power to handle the starting and 
running loads, a careful selection 
and installation of the lineshaft, 
hangers and bearings. In the April 
issue an article on “Lineshafting 
and Hangers” discussed the first two 
of these power transmission units. 
This article will take up some of the 
different types of bearings for use 
in lineshaft hangers. 

Upon the hanger bearings rests 
much of the responsibility for satis- 
factory and economic operation of a 
lineshaft. Bearings are of various 
types but in general are classified, 
according to the method of applying 
the lubricant, into either plain, cap- 
illary, ring oiling, collar oiling, or 
are provided with roller or ball bear- 
ings. These types of bearings, with 
the exception of roller or ball bear- 
ings, are made by the various manu- 
facturers of hangers to suit the dif- 
ferent types of hangers and pillow 


blocks which they produce. Each 
manufacturer specializes usually on 
some of these types. Roller or ball 
bearings are usually made by com- 
panies which specialize in them 
alone. The group of bearings shown 
on page 230 illustrates some of the 
general types. Bearings similar to 
those illustrated are in most cases 
produced by several different manu- 
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Special hanger bearings with double ball 
races have been inserted in this rope drive 


lineshaft installation. 


facturers. Most of these types of 
bearings are also used with pillow 
blocks. 

Plain bearings with babbitt sur- 
faces are often fitted with grease 
cups and used for low-speed work. 
Also, because of their lower cost 
such bearings are frequently used in 
temporary installations and in plants 
which operate only a few weeks or 
months during the year, as in some 
canning plants and similar places. 
They are also used on small machine 
countershafts with a loose pulley 
where the shaft and bearings are not 
operating full time. While these 
bearings are usually split, some plain 
bearings are made solid to slip over 
the end of the shaft, although ordi- 
narily, these are used only on coun- 
tershaft installations. Ball-bearing 
loose pulleys are being quite widely 
used on countershafts, as has been 
mentioned in previous articles. 

A poor bearing not only wastes 
power but also is likely to cause 
trouble and can tie up an entire job 
if placed in an important location, as 
on the headshaft or on one of the 
principal lineshafts. A consequent 
interruption of service may easily 


A cut-away view of two types of 
ball-bearing boxes for lineshaft 
hangers. 


The manufacturers of both of these 
types of ball-bearing hanger boxes pro- 
vide them with various casings so that 
there is a type which may be used in 
each of the various types of hangers. 
In this way they may be Installed at 
a minimum cost as they can be used 
with standard hangers. On shop in- 
stallations’ it is only necessary to re- 
move the old bearings and replace with 
new 
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A—On slow-speed work where plain 
bearings are desirable, this type of 
bearing with grease cups is frequently 
used. This particular bearing is fitted 
with a round wick extending the full 
length on each side to spread the lubri- 
cant. Grease bearings are often used 
where the bearing pressure is high and 
the speed low. 


B—These bearings are provided with 
two large grease boxes that feed the 
lubricant directly on about one-half 
the journal area. When filled with 
one of the several well-known fibrous 
greases and packed with yarn, as 
shown, a filling will last from Six 
months to a year. 


C—A wick-oiling bearing, such as this, 
is often used on shafts revolving at 
moderate speeds and carrying loads 
that are not excessive, as on counter- 
shafts. The wick extends from one 
oil reservoir across to the other and so 
distributes lubricant practically the full 
length of the bearing. 


D This is a combination of a plain 
oiling bearing which is provided with 
a piece of felt in the reservoir in the 
bottom to feed lubricant by capillary 
action, 
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These illustrations show 
some of the various types 
of bearings for shaft 
hangers. Various manu- 
facturers produce adapta- 
tions of these different 
types. No effort is made 
in these illustrations to 
show the grooving of the 
babbitt bearings. 


E—Another capillary oiler in which 
the oil is fed to the shaft through a 
slotted wooden block held against the 
bottom of the shaft by a spring. 


F—Here the oil is supplied to the jour- 
nal through wicks by capillary action. 
These need be oiled about once a 
month and emptied and refilled about 
every three to six months, according to 
the speed and surrounding conditions. 


G—This bearing combines a ring oil- 
ing system with a capillary auxiliary. 
Wipers at both ends return oil on the 
shaft to the reservoir. 


H—Another type of the _ ring-oiling 
bearing. The bottom of the oil reser- 
voir is flat, which prevents overturn- 
ing when removed and does not leave 
any grooves for sediment to form. 


I—Sometimes chains are used for oil- 
ing bearings instead of rings. With 
chains, a heavy oil cannot be used 
satisfactorily. 


J—Here a concealed thrust collar is 
used in connection with ring-oiling 
bearings to prevent lateral movement 
in textile, rubber, and similar mills 
where a loss would result from oil be- 
ing thrown from an outside set collar. 
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K—Another type of ring-oiling bear- 
ing where inclosed double collars are 
used to take the end thrust of line- 
shafts in each direction. 


L-—Tris shows the operation of a col- 
lar-oiling hanger bearing. The collar 
carries the oil from the reservoir to 
the top, where it is distributed to the 
bearings. 


M—A sectional view of still another 
type of collar-oiling bearing box. 


N— Bearings with a closed end, which 
may be of any type of lubrication, are 
frequently used at the ends of short 
countershafts and eliminate the neces- 
sity for employing collars to prevent 
side motion. Although this is a ring- 
oiling bearing, other types of lubri- 
cation may be used. 


O—Frequently when bearings are used 
in dusty and dirty places like cement 
mills, brick mills, paint mills, brick 
yards, and other similar places, a dust- 
proof collar is placed in the end of 
the bearings as shown here. This may 
be used with any type of bearing. 
Sometimes a packing ring is inserted 
at the end of the bearing to prevent 
oil leakage. 
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A cut-away view of a double- race, 
N self-aligning pillow 
ock. 


This pillow block combines the value 
of the self-aligning principle and low 
friction loss in the heavy service re- 
quired of pillow blocks in power trans- 
mission drives. 


cost more than the difference be- 
tween good and cheap bearings. 
Bearings which depend upon cap- 
illary action for lubrication use 
wicks, felt or special slotted wooden 
blocks which dip into the oil and 
feed it to the surface of the bearings 
by capillary action. Sometimes 
wicks are used to distribute grease 
lubricants. In wick self-oilers the 
wick is usually placed on the top of 
the bearing and above the shaft, al- 
though some types feed through the 
wick to the bottom or sides of the 
bearing. An advantage of wick 
bearings is that they strain the oil 
before it is fed to the shaft. How- 
ever, if a shaft is idle for some time 
the oil on the wick is likely to harden 
so that the entire wick must be 
changed before the shaft can be put 


HOLLOW ROLLERS 
FORM OIL 
RESERVOIR 


MACHINED 


RIGHT & LEFT 
SPIRALS 
DISTRIBUTE OIL 


A 


MACHINED JOINT 


HARD STEEL 
BOX LININGS 
Yy 


STEEL LINEO BOX OF OIL 
OF GENEROUS LENGTH 


INDUSTRIAL ENGINEER 


Ball bearings are also used in shaft 
hangers and in pillow blocks. 


The top view shows one method of get- 
ting a four-point adjustment in a shaft 
hanger. Ball bearings should be slipped 
over the end of the shaft and have a 
sucking fit instead of a tight force fit 
because forcing the bearing will ex- 
pand the inner bail race and cause 
excessive pressure and wear on the 
bearings. Ball-bearing pow blocks 
are not only used on shafting but also 
in many machines. 


into operation again. Babbitt is 
most commonly used for these types 
of bearings. 

Ring-oiling bearings, as G and H 
on the opposite page, are commonly 
used not only for lineshafts but on 
many machines. In most cases, as 
illustrated, the bearing is provided 
with two rings. As the shaft ro- 
tates it carries the rings up over the 
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Another type of roller-bearing shaft 
hanger box. 


Here the bearing fits on a sleeve at- 
tached to the shafting and so may be 
used over a spot where the shafting 


has been badly worn. This also may 
be obtained in different types of cas- 
ings to fit the various types of shaft 
hangers. 


shaft and distributes the oil which 
adhered to the ring. In some types 
chains, as shown at J, are used in- 
stead of rings. ö 

In collar-oiling bearings there is 
clamped around the shaft a collar 
which carries the oil with it from 
the oil reservoir in the bottom of the 
bearing and allows it to flow up over 
the top of the shaft, as shown at L. 
This is a positive-acting bearing and 
there is no danger of its not operat- 
ing as long as there is oil in the 
reservoir. Ring bearings sometimes 
stick and do not rotate and so stop 
carrying oil for lubrication. Gener- 
ally this collar is split and clamped 
over the shaft. In some cases, how- 
ever, a solid collar is shrunk around 
the shaft and serves not only for oil- 
ing but also as a thrust collar or 
bearing. The collars shown in illus- 
trations J, K, and M are designed to 
take care of end thrust. 

Unless a bearing reservoir is filled 
too full it should not drip oil. How- 
ever, a dust-proof ring or packing 
at the end of the bearing not only 
prevents the leaking of oil but also 
prevents dust from working into the 
bearings. Where bearings are used 
at the end of a shaft it is always best 
to use closed-end bearings as no dust 
can get into the oil reservoir. 

Most of these hangers are of what 
is known as the ball-and-socket type 
which fits into a two- or four-point 
adjustment hanger and gives some 
freedom (Continued on page 257) 


Details of construction of a roller 
shaft bearing. 


These bearings are split and may be 
placed on the shaft without removing 
the shafting. Among the advantages 
claimed for roller bearings are that 
they require lubrication less fre- 
quently, cause less friction, and 80 
Save power. These are made in vari- 
ous shapes of casings so as to fit in 
the more standard types of hangers. 
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Practical Data for 
Use When 
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Changing Single-Phase 
Motors to 2-or 3-Phase 


Together with Tables for Determining the Rating, 
Turns per Phase, Sizes of Wire and Coil Pitch 
When Rewinding the Stator 


By A. C. ROE. 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Co. 


SINGLE-PHASE motor frame 
A is 1.5 times the size of a cor- 
responding two- or `three- 
phase motor of the same horsepower 
and speed, which means that when 
changing from single-phase to three- 
or two-phase with the speed remain- 
ing the same, the single-phase horse- 
power rating can be increased 1.6 
times. 

There is another and better 
method for determining what horse- 
power a given frame is capable of 
developing, that can be used when 
an old core on which the winding 
has been removed is available. This 
method makes use of the number of 
cylindrical inches in the core, using 
the inside diameter, which is the 
bore B squared, times the length of 
the core. Thus (BX BX L) deter- 
mines the maximum horsepower rat- 
ing of any frame. 

In Table I are given the minimum 
cylindrical inches allowance for each 
horsepower rating from ½ to 74. 
The values given are for cores of 
four-pole, 60-cycle, 1, 800-r. p. m. 
motors. In a footnote under Table I 
the formula for determining the 
cylindrical inches required for six- 
and eight- and ten-pole, 60-cycle 
motors is given. 

Table II gives some values taken 
from rewound motors. These val- 
ues can be used for comparisons or 
checks. | 

In Table III are given the cylin- 
drical inches of stators having a 
bore of 2'%4 in. to 91% in., in steps of 
14 in., and the length of core from 
1 in. to 4 in. The first column gives 
the bore in inches, the second col- 
umn the value of bore B squared 
(B x B); then each succeeding col- 
umn gives the value of (BX BX L) 
or cylindrical inches, corresponding 


to the bore at the left of the line and 
the length of core at the head of the 
column. 
For example, assume we have a 
stator that has a bore of 6 in. and a 
core length of 2½ in.: What are the 
cylindrical inches? First locate the 
figure 6 in the bore column in Table 
III. Then look along this line until 
under the heading of 214 in. we find 
90, which is the cylindrical inches of 
this core. According to Table I this 
core is good for 3 hp. at 1,800 r.p.m., 
60 cycles; or 8 1.5 equals 2 hp. at 
1,200 r.p.m.; or 3 2 equals 1.5 hp. 
at 900 r.p.m.; or 3 X .365 equals 
1.095 hp. at 720 r.p.m. The above 
procedure can be followed for de- 
termining the horsepower rating of 
any core within the limits given. 
The next step is to determine the 
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REQUESTS FREQUENTLY come 
to a repair shop to change a 
single-phase, induction-type 
motor to two- or three-phase, 
in order to eliminate the cen- 
trifugal switch used in start- 
ing a split-phase motor. In 


such a case the core, frame 


and rotor is available and 
the question that comes up 
is the rating that can be ex- 
pected on two- or three-phase 
operation. In this article 
Mr. Roe gives step-by-step 
details for these changes to- 
gether with handy tables for 
use on a wide variety of jobs. 


number of turns, size of wire, and 
coil pitch. To get the turns, the flux 
per pole per phase must be figured. 
This is done by the use of the for- 
mula (0.636 X Sı X L X Bm), where 
S: is the pole pitch which is equal to 
(bore X 3.14) divided by number of 
poles. Values for S: are given in 
Table IV; L equals length of core. 
When length of core is stated, it 
means actual length of iron, not in- 
cluding ventilating ducts or end- 
plates. Bm is the magnetic density 
in the air gap in lines per sq. in. and 
runs from 20,000 to 30,000 for mo- 
tors up to 7½ hp. with closed slots. 
A good average value for four and 
six poles is 25,000 lines per sq. in. 


Ampere Ratings, Efficiency and Power Factor for 
Two- and Three-Phase, 60-Cycle, 220-Volt, 40-Deg. Motors 
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For an eight-pole motor it would be 


20,000. Then the flux per pole for Table I—Minimum Cyl- || Table II— Values Taken From Re- 


a 6-in. by 244-in. stator would be are baches 
figured as follows: S. according to || These values are per Hp. for pole wound Motors for Check- 


Table IV for four poles is, 4.712. 60-cycle, 1800 r. p. m. motors. ing Purposes 
Then the flux equals (0.686 X 4.712 se 
X 2.5 X 25,000) equals 187,250 lines. 

To help in estimating the size of. 
wire required the table on page 232 


Bore LENGTH 


of slots divided by number of poles 0 10 oon 0 fen 4 Poio 
times .80). For forty-eight slots 
and four poles, the coil pitch is 
(1 and 1 + 48 + 4 X .80) equals 


. 35 
is given. This table gives the am- 4 155 
pere rating, efficieney and power fac- : 274 
tors for 220 volts. For 110 volts - 5 3 11 
multiply these values by 2; for 440 1 0 24 
volts divide by 2; for 550 volts mul- 2 4 2 12 
ee 1 pie ; ] in Im 20.000 to 35,000 lines i 2 ; A 30 
FFF 81 Pole pitch =(Bx3.14) (Number 3 4 5% 34 
use 80 per cent coil pitch, or coil 92 poles) 5 3 6 ‘ 275 
pitch equals (1 and 1 plus number for 8 poles 2 1.52 (Bel. for 4 poles) 5 4 ‘3 H 

5 8 3 

7 6 4 

7 4 8 
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Table III—Cylindrical Inches Obtained from Bore and Length of Iron of Stator 


CYLINDRICAL INCHES OR (BxBxL) 


Borg BxB) 
IN ORE 

INCHES |SQUARED}] 1. 0 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 
2% 6.25 6.25 7.81 9.37 10.93 12.50 14.06 15.62 17.18 18.75 20.31 21.87 23. 44 25. 00 
2% 6.89 6.89 8.62 10.32 12 13.78 15.50 17.21 18.94 20.67 22.40 24.12 25.82 27.56 
27 7.66 7.66 9.58 11.33 13.41 15.32 17.24 18.99 20.91 22. 98 24. 90 26.82 28.57 30. 65 
2 8.26 8.26 10.33 12.40 14.46 16.53 18.60 20. 66 22.73 24. 79 26. 86 28.93 31.00 33.06 
3 9.00 9 11.25 13.50 15.75 18.00 20.25 22.50 24.75 27.00 29.25 31.50 33.75 6.00 
3% 9.76 9.76 12.20 14.65 17.09 19.53 21. 96 24.41 26. 85 29. 29 31.73 34.16 36. 61 39. 06 
38% 10. 56 10. 56 13. 20 15. 85 18.49 21.12 23. 76 26.41 29. 05 31.70 34.32 36. 96 39.61 42.25 
370 11.39 11. 39 14. 23 17. 08 19.93 22.78 25.62 28.47 31.31 34.17 37.01 39.85 42.70 45.56 
3 12.25 12.25 15.32 18.38 21.43 24.50 27.57 30.63 33.70 36.75 39.82 42. 89 45. 95 49. 00 
3% 13.14 13.14 16.43 19.72 23.23 26.28 29.57 32.86 36.15 39.42 42.71 46.00 49 29 52.56 
3% 14 14.06 17.58 21. 09 24.61 28. 12 31.64 35.15 38.67 42. 18 45.70 49.22 52. 73 56. 25 
3% 15.01 15.01 18.77 22. 52 26 30.03 33.79 37.53 41.29 45.05 48.80 52.56 56.32 60. 06 
4 16. 00 16.00 20.00 24. 00 28. 00 32. 00 36. 00 40. 00 44. 00 48. 00 52. 00 56. 00 60. 00 64. 00 
4 17.01 17.01 21.27 25. 52 29.77 34 38.28 42.53 46.79 51.04 55.30 59.55 63.80 68 .06 
4% 18.06 18.06 22.58 27.09 31.61 36.13 40.64 45.15 49.67 54.18 58.71 22 67.73 72. 26 
ais 19.14 19.14 23 .93 28.71 33.49 38.28 43.17 47.85 52.64 57.42 62.21 67.10 71.88 76.56 
4 20.25 20.25 25.31 30.37 34.43 40.50 45.56 50.62 55.68 60.75 65.81 70.87 75.93 81.00 
4% 21.39 21.39 26.74 32.08 37.42 42.78 48.13 53.47 58.82 64.17 69.52 74.87 80.21 85. 56 
4% 22.56 22.56 28 . 20 33 84 39.48 45.12 50.76 56.40 62.04 67. 68 73.32 78.96 84. 50 90.24 
472 23.76 23.76 29.70 35.64 41.60 47.53 53.46 59.40 65.34 71.29 77.23 83.16 89.00 95.06 
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12 50.77 50.77 63. 46 76.15 88.85 101.54 114.23 126.92 139.62 152.31 165. 00 177.69 190. 39 203. 08 

52.56 52. 56 65.70 78.84 92.00 105.12 118.26 131.40 144.56 157. 68 170. 82 183. 96 197.12 210.24 
% 54.39 54.39 67. 98 81.58 95.18 108.78 122.37 135.97 149 . 57 163.17 176.76 190.36 203 . 96 217.56 
72 56.25 56.25 70.31 84.37 98.44 112. 50 126. 56 140 62 154 69 168.75 182.81 197.87 210 94 225. 00 
% 58.14 58.14 72.67 87.20 101.75 116.28 130.81 145.34 159. 89 174.42 188.95 203. 48 218.03 232.56 
4 60 .06 60.06 75.07 90.09 105.10 120.12 135.13 |$150.15 165.16 180.18 195.19 210.21 225.22 240.24 
25 62.02 62.02 77.52 93.03 108. 53 124.04 139. 54 155. 05 170. 55 186. 06 201. 56 217.07 232.57 248. 08 


8 ‘ 

8% 66.02 66.02 82.52 99 03 115.53 132.04 148. 54 165. 05 182.55 198. 06 214.56 231.07 247.57 264. 08 
8% 68.06 68.06 85.07 102 09 119.11 136.12 153.13 170.15 187.17 204. 18 221.19 238.21 255. 23 272.24 
84 70.14 70.14 87.67 105.21 123.77 140.28 158.81 176.35 193.91 210.42 227.95 247.49 263. 05 280.56 
8 72.25 72.25 90.31 108.37 126.44 144.50 162.56 181.62 198.69 216.75 234.81 253.87 270.94 289. 00 
85% 74.39 74.39 92.98 111.58 130.18 148.78 167.37 185.97 204.57 223.17 241.76 260 36 278. 96 297.56 
370 26.58 76.56 95.70 114.84 134 00 153.12 172.26 191.40 | 210.56 229 68 248 82 267.96 287.12 306 24 
87 78.77 78. 77 98.46 118.15 137. 85 157.54 177.23 196.92 216.62 236.31 256. 00 275. 69 295. 39 315.08 
9 81.00 81.00 101.25 121.50 141.75 162.00 182. 25 202 50 222.75 243 00 26325 283 50 303.75 324 00 
9% 83.12 83.12 103. 90 124 68 145.46 166.24 187.02 207. 80 228. 58 249. 36 270.14 290 92 312.70 332.48 
9% 85. 56 106.95 128.34 149.73 171.12 192.51 213. 90 235.29 256 68 278.07 299 46 320.85 | 342.24 
97 87. 89 87. 89 109. 86 131.83 153.81 175.78 197.75 | 219.72 241.70 263.67 285.64 307 61 339.59 351.56 
9 90 25 90. 25 112.81 135.37 157.94 180. 50 203. 06 225.62 248. 20 270.75 293.31 315.87 338.44 361.00 

s 


Values given in this line are lengths of core in inches. 
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[1 and 1 + (12 K. 80) ] or (1 and 1 
+ 9.6), which is 1-and-10. 

For a two-phase motor, the turns 
per phase with a series connection 
will be: 

T = (E X 100,000,000) — (4X ® 
xX F), where E equals the line volt- 
age, ® the flux per pole, and F the 
frequency. Then the turns per coil 
equal T divided by the coils per 
phase. 

For three-phase, the turns per 
phase for a series-delta connection 
will be: 

T = (E X 100,000,000) (4.25 
xX xX F). For a series-star connec- 
tion, the turns per phase become 
(E x 100,000,000) (7.35 X XF). 

A series-star connection requires 
less turns of a larger wire, and a 
series-delta connection a greater 
number of turns of a smaller wire. 
The majority of motors are star- 
connected. So the safe procedure is 
to figure out the turns for a series- 
star connection and then if the wire 
is too large try a series-delta connec- 
tion. 

We will next work out one or two 
examples: First, take the stator hav- 
ing a 6-in bore and 21⁄2-in. length of 
iron. This motor is good for 3 hp. 
at 1,800 r.p.m. When it is to be op- 
erated three-phase, 220 volts, 60 
cycles, the flux per pole equals (0.636 
X 4.712 X 2.4 X 25,000) or 187,250 
lines. Then for a series-star connec- 
tion, T per phase equals (220 X 100,- 
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Table IV—Values of Pole Pitch for Different Bores and Poles 
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000,000) — (7.35 X 187,250 X 60) 
equals 266 ͤ turns. As this stator has 
forty-eight slots, we will use a two- 
layer, diamond-shape mush coil. 
There will be forty-eight coils, or 48 
+ 3 equals 16 coils per phase. Then 
the turns per coil equal 266 — 16, 
equals 16.6 or sixteen turns will be 
close enough. 

By the table on page 232, a 3-hp. 
220-volt, four-pole motor will take 8.1 
amp. From Table I we find that a 3- 


Table V—Dimensions of Bare, Double-Cotton-Covered 
and Single-Cotton-Covered-and-Enameled Wire 


DIAMETER IN INCHES 
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hp. motor requires 600 circ. mil per 
ampere. This size of wire in circ. 
mil equals 8.1 X 600 equals 4,860 
circ. mils. Then from wire Table 
V we find the nearest size is No. 
14 with 4,107 circ. mil or No. 13 with 
5,178. No. 14 will do, but if there is 
enough room in the slot for No. 13 
it would make a more efficient motor. 

The best method of determining 
whether an estimated size of wire 
can be wound is to insulate one slot; 
then cut up small Jengths of wire of 
the gage size figured and fill the slot 
with the required number of turns. 
In this case we would try 2 X 16 
equals 32, No. 14 double-cotton-cov- 
ered wires. 

When the size of wire required is 
above No. 15 and it is desired to 
make a mush coil, the better proced- 
ure would be to double the turns, 
halve the size of wire and use a par- 
allel connection. This makes a coil 
that is easier to handle and shape. In 
this case we could use thirty-two 
turns of one No. 17 wire per coil 
and connect for two-parallel star. 

When a delta connection is used 
the amperes per terminal, as given 
in table, page 232, must be divided 
by 1.73 to get the amperes per phase. 
Or in the case just figured, 8.1 — 
1.73 equals 4.624 amp. Then the 
circ. mil required equals 4.624 X 600 
equals 2,774.4, or a No. 16 wire will 
do. 

Another and better method of fig- 
uring the size of wire in circ. mil 
for a delta connection is to take the 
value given (Continued on page 258) 
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DETAILS of three common types of 
motors used on small electric drills 
are described in this article. Be- spit 
cause these portable tools receivdte 
rough handling and operate at hig gn 
speeds the service that they will give 
depends upon their maintenance as 
well as upon a suitable construction 
for the range of work done. Mt. 
Connell points out the practical > — 
ways that operating troubles can be 
avoided with portable drill motors 
that will drill steel up to 114 in. in 


Some Practical Pointers 
on the 


diameter. 


Performance of Small 


Portable Drill Motors 


With Details of Brushes Required—Connections of 
Windings for Correct Polarity and Direction of 


Armature Rotation 


By EDWIN L. CONNELL 


Chief Engineer, Van Dorn Electric Tool 
Company, Cleveland, Ohio 


HE WORD “universal” as ap- 

| plied to an electric motor is 
a short way of saying that 

the motor is designed to operate on 


-either direct or alternating current 


of a specified voltage. 

There are two very important 
reasons for using such a motor in 
an electric drill. First, a portable 
machine of such general utility 
should run from the most convenient 
source of power at the point of use. 
This is, of course, the lamp socket. 
And second, portable drilling ma- 
chines must be equipped with a 
varying speed motor that develops 
its maximum torque at standstill. 


The portable drill is called upon to 
drill in all kinds of material with 
bits varying within and, all too fre- 
quently, beyond the capacity of its 
chuck or socket. Hard spots in the 
material and oversize work require 
increased torque at reduced speeds, 
thus preventing stalling, breaking of 
bits and providing a working speed 
that more or less automatically ad- 
justs itself to the size of the bit. 
These are the characteristics of the 
series direct-current motor and the 
series, alternating-current commu- 
tator motor. The “universal” motor 
is a series or alternating-current, 
commutator motor with no features 
that prevent its operation on direct 
current. 

The simplest type of universal 


motor differs from the direct-cur- 
rent series motor in details only. It 
consists of an armature that is iden- 
tical in construction with all direct- 


current armatures, connected in 
series with field coils mounted on a 
laminated core. The lamination of 
the complete magnetic path is neces- 
sary to eliminate destructive heat- 
ing in the iron when carrying an 
alternating-current magnetic flux. 
The ratio of the ampere turns in the 
field to the ampere turns in the ar- 
mature will be lower in this type of 
motor than is considered good prac- 
tice in direct-current motors. Fig. 4 
shows the ordinary field assembly of 
this simple type. 

The performance characteristics 
of such a motor are shown in Fig. 2. 
It will be observed that the problem 
of power factor enters when this 
motor is operated on alternating 
current. The reactance of the wind- 
ings causes the current to lag be- 
hind the impressed voltage and the 
power produced is correspondingly 
less than is produced on direct cur- 
rent at the same ampere input. The 
output for a given ampere input and 
the maximum output will always be 
less on a. c. than on d. c. and there 
will be a very great difference in a 
poorly designed motor. The maxi- 
mum output is always lower on the 
higher frequencies, which explains 
why most manufacturers do not 
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recommend such motors for opera- 
tion on frequencies over 60 cycles. 

There are two fundamental weak- 
nesses in the universal motor, both 
of which manifest themselves in 
poor commutating characteristics. 
The weak field and strong armature 
necessary for a tolerable output on 
a. c. produce high armature reac- 
tion. In other words, the magnetic 
field is deflected into the space be- 
N tween poles and the coil undergoing 
Fig. I— Universal drill that commutation is moving in a mag- 
takes sizes up to ½ inch and netic field detrimental to commuta- 
operates at 1500 r.p.m. no load tion. Furthermore, on alternating 
and 800 r.p.m. full load. current the field passing through the 
coil shorted by the brush at the 
moment of commutation induces a 
current in the coil which is only 
limited by the resistance of the coil 
and brush contact. It is, therefore, 
imperative that such motors be 
equipped with brushes having the 
highest contact drop consistent with 
the other characteristics required. 
Manufacturers of these motors have 
made extensive tests and they alone 
should be trusted in specifying 
proper brushes. Improper brushes 
may lead to short life of the arma- 
ture because they have too low a 
contact drop, because they are too 
hard, or because they are not abra- 
sive enough to prevent high mica. 
Extreme hardness is likely to accom- 
pany extremely high contact drop 
and too much abrasive action pro- 
duces destructive commutator wear. 
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WINDING DISTRIBUTED IN SLOTS 


The second type of universal mo- 
tor is built with a field winding dis- 
tributed in slots, usually in concen- 
tric groups corresponding to the 
number of poles. The brushes are 
displaced against rotation from the 
neutral position so that part of the 
winding acts as a compensating 
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ia i — and improves the power factor. How- 
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to produce a given magneto-motive 


Fig. 2—Performance curves (top) Fig. 3—Performance curves for a force has a higher impedance than 
illustration) for a small salient universal motor of moderate size the equivalent single coil, a very 
pole type universal motor. with compensated field winding. small motor of this construction 
Note that power factor enters when In the larger sizes this type of motor $ e 5 

the motor is operated on alternating is a serviceable design, but the no- may be inferior to a well-designed 
current and that the power produced load speed should be kept reason- one of the salient-pole type 


is less than it is in d.c. operation. ably low to prevent self-destruction. 


The brush position with this dis- 


ny mamn. 


SEE 
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Fig. An ordinary field assembly 
for a universal motor. 


tributed field winding is very impor- 
tant and when adjustable should be 
carefully marked before disturbing 
it for repairs. 

This winding will usually be made 
by the skein method described by 
A. C. Roe in his article on Wind- 
ing Split-Phase Motors” in the May, 
1922, issue of INDUSTRIAL ENGINEER. 
In the smaller sizes with six or eight 
slots per pole the skein will have the 
full number of turns per slot. The 
larger sizes may be wound more 
easily with a skein of half the re- 
quired turns, or a split skein. As 
such motors are usually bipolar 
there will be two such coils, each 


distributed in half the number of 


slots. They should be connected in 
series to give opposite polarity. To 
check this polarity, connect the ter- 
minals to a source of direct current 
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with a resistance in series to limit 
the current to a reasonable value 
and move a small compass around 
the outside of the coil ends. The 
needle should reverse when moved 
from pole to pole. The general rule 
is to connect the outside end of one 
pole to the outside of the other or 
its equivalent. Very often these 
two ends are not actually connected 
together but are connected to the 
brushes, thus completing the circuit 
through the armature. 


UNIVERSAL MOTOR WITH MAIN AND 
COMPENSATING FIELD WINDINGS 


The third type of universal mo- 
tor, the most practical in the larger 
sizes, has the distributed field wind- 
ing but does not depend upon the 
same coils for both main and com- 
pensating fields. The two sets of 
coils are placed in the slots inde- 
pendently in a manner very similar 
to the winding of a split-phase in- 
duction stator. The connection of 
these two windings is as shown in 
Fig. 5 for the direction of rotation 
indicated. The polarity of the com- 
pensating winding must be reversed 
with reversed rotation. 

Such a winding provides full 
compensation for armature reaction 
and excellent power factor and al- 
though quite satisfactory in sizes 
entirely impossible with the other 
windings, the short-circuit current 
is still present and is the real ob- 
stacle in the way of its complete suc- 
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Fig. 5— Connections for main wind- 
ing and compensating field winding 
for a universal motor. 

The compensating winding 


rovides 


for armature reaction and power 
factor. 
cess in still larger sizes. Fortu- 


nately, however, the limit is beyond 
all reasonable power requirements 
for drilling in steel up to 1% in. in 
diameter. The performance char- 
acteristics of a motor of moderate 
size with this compensated field 
winding are shown in Fig. 3. 

The universal motor is inherently 
a high-speed motor and there is 
great temptation to resort to ex- 
treme speeds to obtain the extra 
power or light weight. Since these 
motors have series characteristics, 
the no-load speed is much higher 
than the working speed and should 
be always kept within reasonable 
limits. 

Of course, quality of construction 
has a great influence on the permiss- 
ible speeds, but with every-day, 
knock-about use and practical meth- 
ods of maintenance, the highest 
speed motors are likely to prove 
self-destructive. The universal drills 
on the market today will be found 
to have armature speeds within the 
range of 10,000 r.p.m. to 20,000 
r.p.m. The lower figure would be 
considered ultra-conservative in a 
small machine and the higher figure 
beyond the practical limit for the 
smallest portable drill. 

The average drill of -in. capa- 
city will develop a maximum output 
on 60 cycles of %o to o hp. The 
light-weight, ½-in. capacity drills 
will develop a maximum of % to % 
hp. The heavier type .in. drills 
will average about $ hp. and the still 
larger sizes show a wide range from 
1 hp. up. 


Fig. 6—Construction of a portable 
drill adapted for all around hard 
service that operates from 700 to 
300 r.p.m, 
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N ENGINEER in writ- 
ing to us about a new 
graphical plan for con- 
trolling maintenance, which 
we hope to tell you more 
about later, said: “It 
works, but I have to make it work.” That in a nutshell 
is a good definition of the major portion of a mainte- 
nance engineer’s job. Often his task is to make some 
machine function more reliably or with less upkeep ex- 
pense, or a combination of both. The machine may 
work after a fashion, but not in the manner that it 
should. In such cases “making it work” is accom- 
plished by the solution of a series of problems. 

For instance, in this issue is described a case of bear- 
ing trouble in which the bearing sleeves had an average 
life of six weeks. A variety of bearings and lubrica- 
tion schemes were tried but all failed. This was 
through no fault of their own but simply because of 
the severe service and load conditions to which the bear- 
ings were subjected and were not designed to meet. 
The engineer in charge of operation and maintenance 
had to make this drive work. The ingenuity he dis- 
played in solving this problem by applying ball bear- 
ings and protecting them with a housing sealed with 
stuffing boxes, gives an insight into the general makeup 
of the live-wire maintenance methods he used in mak- 
ing a particular installation an efficient productive unit 
of the works organization. 


Plans Work 
Because They’re 


Worked 


— — 

UST what good, old- 

Ford Plants fashioned thrift means 
Save around a large industrial 
Everythin g works is vividly illustrated 


by the work of the general 
salvage department in the 
Ford automobile plants. The salvage squads of this 
department hunt around for everything that is not used 
and generally termed scrap materials. They not only 
collect this material, but make repairs, remake and dis- 
pose of their collections at a return therefrom that runs 
into the astounding figure of nearly a million dollars per 
month. 
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Nothing is too small to handle. They take anything 
from a broken mop pail to a discarded factory building. 
The extent of the work is indicated by the salvage de- 
partment’s records, which show that about 400 tons of 
steel trimmings are disposed of every day, while 200 
tons of baled steel stampings and waste, and 150 tons 
of cast-iron borings are gathered up and converted into 
usable material. Other items in the daily clean-up in- 
clude about 10 tons of waste paper, 3 tons of factory 
sweepings, 2 to 8 tons of baled tin, hoops and wire, etc. 
About $1,000 worth of belting is reclaimed every day 
for use again or made up into leather aprons, mitts, and 
hand pads, or into gaskets and cup washers for pumps 
and the like. Repairs to broken tools run into a saving 
of nearly $700 per day and something like 2,000 gallons 
of oil per day are returned for reuse from passing steel 
turnings through centrifugal wringers. 

These are only a few of the salvage items, but they 
are enough to indicate the need of good housekeeping 
in a modern works where things are bought and used 
in large quantities by those whose job it is to make and 
assemble many small parts into a machine. 

Another interesting feature about this work is that 
it gives employment to men with ill health, those who © 
have been crippled and others whose age may have re- 
duced their productive ability on other work. More 
than 400 such men are so employed in the Ford works. 
Here then are two things to think about; the revenue 
from salvage and a way of taking care of loyal employes 
on a basis that permits them to earn a wage and not 
feel that they are an object of charity. 


— — 


OME ONE has said that 
the most common thing 
about common-sense is that 
Windows it is rather uncommon. 
The same might be said 
about good lighting in 
mills and factories, in daytime, through side wall win- 
dows. In Winter and Springtime when the sunshine 
is bright, the glare bothersome and the heat of the 
sun’s rays uncomfortable, shades are drawn or shutters 
and blinds are partially closed, reducing both ventila- 
tion and the lighting. With daylight varying in in- 
tensity from different windows on the different sides 
of a building and the shades drawn on one side in the 
morning and up on the other and vice versa in the aft- 
ernoon, work is being done under varying intensities 
throughout the day and with the direction of maximum 
intensity varying. Discomfort and poor work is fre- 
quently the result, which is charged to the heat of sum- 
mer time or the ventilation of the working room. | 
About good daylight lighting little has been written 
that is of as much practical value to a shopman as the 
information in an extensive paper presented before the 
last annual meeting of the Illuminating Engineering 
Society by H.-H. Higbie and G. W. Younglove of the 
University of Michigan at Ann Arbor, Mich. The au- 
thors pointed out that about the only guide in the de- 
sign of natural lighting from windows is a few rough 
rules-of-thumb, such as included in the Society’s Re- 
vised Code of Lighting School Buildings: namely, “It 
is recommended that the room be so designed that no 
work space is more distant from the window than twice 
the height of the top of the window from the floor” and 
that “tests of daylight in a well lighted school building 


Lighting 


From 
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indicate that in general the window glass area does not 
fall below 20 per cent of the floor area. As the upper 
part of the window is more effective in lighting the in- 
terior than the lower part, it is recommended that the 
top of the glass be no greater distance than 12 in. below 
the ceiling.” 

Since many factories present working conditions sim- 
ilar to the school room with lighting in daytime en- 
tirely from side windows, these thumb rules are of in- 
terest, but there is a total lack of test data and recom- 
mendations on how to make the best use of daylight 
after the building is designed and different operations 
are being conducted therein that call for good lighting 
in daylight hours. 

Much information is available on artificial lighting 
and good practical use has been made of it but in 
Spring, Summer and Fall the longest working hours, 
except on dark days, are with natural lighting. And in 
some cases where there is an excellent lighting arrange- 
ment when using electric light, workmen on bright 
days are literally in the dark. 

We need more information that will help mills and 
factories to make the best use of shades, reflectors and 
deflectors of sunlight; more information on the best 
kinds of window glass, window sashes, paints and wall 
surfaces to make the best use under existing working 
conditions of daylight, the light source that costs us 
nothing and of which the supply is unlimited. 

In this issue an article appears that deals with the 
use of paint to improve reflecting surfaces under both 
daylight and artificial lighting. We hope that some of 
our readers will assist us further in the discussion of 
this subject by reporting any investigations they have 
made along the lines of the practical information to 
which attention is called here. 


— — 


N THE following words 
a power transmission 
engineer recently called at- 
tention to an oversight that 
is undoubtedly often made: 
“Many plants could, when 
they are putting up new buildings or making additions 
thereto, save a good deal of bother and expense if proper 
provision were made at the time the building is erected 
for putting up shafting, pipe lines, conduit and so on.” 
By way of explanation he pointed out that in many in- 
stances the plans drawn by the architect or designing 
engineer cover only the building proper. When the 
conduit, water, gas, steam and other lines are installed 
the foreman of each gang lays out and does his part of 
the work according to his own notions. Usually he runs 
his lines in what is, for him, the easiest and most con- 
venient way, without regard for other equipment. 

The result is that when the power transmission engi- 
neer comes in to do his work he is forced to use all sorts 
of expedients in order to get room to place the line- 
and countershafting, pulleys and so on where they 
should go. Oftentimes it is necessary to put in a good 
deal of expensive ground-work, which would not be 
needed if more foresight had been exercised and the 
work of the various departments properly co-ordinated. 

The best time to make provision for supporting shaft- 
hangers and similar equipment is when the building is 
being erected. In any event, the installation of such 
equipment should be given early attention, for the rea- 


Don't Cut 
The Pattern 


To Fit the Goods 
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son that lines of shafting can not be so readily adapted 
to fit conditions as can conduit and other pipe lines. 
The latter can, when necessary, be run around obstacles 
without much difficulty. This is not true, however, of 
shafting. Consequently, when making new installa- 
tions, or rearranging old ones, time and expense will 
be saved by putting up the shafting first and running 
the pipe lines around it, rather than by trying to make 
the shafting dodge something that can be more easily 
changed. 


— 


EVERAL interesting 

letters have been re- 
ceived commenting on the 
organization of operating 
and maintenance work in 
industrial works as out- 
lined by readers in the February issue of INDUSTRIAL 
ENGINEER. The following excerpt is from a letter that 
carries proof of the point brought out as well as con- 
viction: 

It has been my experience as an electrical engineer 


One Chief 


and 


Capable Assistants 


that a plant can be operated more economically and with 


minimum friction between employees if the plant is under 
one head. There is an enormous waste of energy in many 
plants today, due to jealousy and friction in the various 
departments when they are under different heads. When a 


plant is 100 per cent electrified, either by purchased power 


or power generated locally, the electrical engineer should 
be fully qualified to take charge of the plant from the 
boiler room to the finished product. 


For instance, in the cement industry, with which I am 
connected at present, I was recently called into one plant 
where there was a low power factor and an excessive 
energy cost in kilowatt-hours per barrel. I found that 
several motors from 112 hp. to 250 hp. were operating 
twenty-four hours per day, while with proper management 
the same amount of material could be produced in a ten- 
hour day. This plant was divided into different departments 
with a master mechanic, general foreman and foreman in 
charge. Under this form of operation I could not get the 
desired results until I finally placed the proposition before 
the management and secured entire charge of all depart- 
ments. From then on it was impossible for the various 
foremen to pass the buck one to the other and we actually 
accomplished in ten hours what formerly had required 
twenty-four hours. 


I worked with my men throughout the plant paying 
special attention to shaft alignment, bearings, the grinding 
conditions of various mills, watching the attendants oper- 
ating the mills at their maximum load, with the result that 
we increased the power factor of motor operation with an 
induction load from 78 to 90 per cent with no power factor 
correction machinery. This reduced the kilowatt-hours per 
barrel of cement produced, increased the total output and 
decreased the mill-hours run. 


The point I wish to make in this connection is, that to 
obtain economy and efficiency in the average plant the engi- 
neer in charge should familiarize himself with production 
details and specialize in the operating details of the industry 
he is engaged in to make sure that he is eliminating all 
wasteful energy. From my experience in various plants I 
cannot conceive of a better method of elevating the position 
and responsibility of electrical and mechanical engineers 
than to take this stand if they desire to make a success of 
their profession. 


In general, what's everybody's business is no- 


body’s business,” so that if we were forced to take sides 


on this matter of operating responsibility, we would 
favor that organization lineup which calls for one 
general supervising head who is the last word in oper- 
ating methods and procedure with capable assistants in 
charge of the main divisions of work, as outlined in the 
organization diagram that appeared on page 14 of the 
January, 1924, issue. The titles of assistants to the 
chief matter little; it’s the responsibility that counts, 
but suitable titles are suggested in that diagram. 
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Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction ts that 
you do a good turn to the other fellow when he asks a 
question that you can 


answer from your ex- 
perience. 


Who Can Answer 
These? 


Transformer for Testing Three-Phase 
Motors—Will some of your readers tell 
me if it is possible to build a step-up 
transformer, from 220 to 550 volts, with 
open cores? I want a transformer of 
about 5-kw. capacity that we could 
build in our shop, for testing three- 
phase motors. The efficiency of the 
transformer need not be taken into 
consideration in the design. 

West Lynn, Mass. L. B. A. 


How Many Colla Can One Man Install in 
a Day?—I should like to have the opin- 
ion of readers of INDUSTRIAL ENGINEER 
on the following question: About how 
many coils installed in Westinghouse 
type CCL, three-phase, semi-closed slot 
stators of 75- to 90-hp. rating would be 

considered a good day’s work for one 
man. Assume that he works eight 
hours a day and that all coils are taped 
at both ends, with the phase coils 
double-taped. Your comments will be 
much appreciated. 

Douglas, Ariz. R. B. M. 


Lining Up Gears and Pinions—I would 
like to know some of the methods that 
readers of INDUSTRIAL ENGINEER use in 
lining up spur and bevel gears. How 
can tell whether the gears and 
pinions are meshing too deeply or not 
deeply enough? I know how it should 
be done theoretically, but I would also 
like to know how it is done practically, 
out on the job. 
Youngstown, Ohio. H. H. 


Trouble with Single-Phnse Motor—I have 
a A np 110-volt, 60-cycle, single- 
phase induction motor of the split- 
phase starting type, having its wind- 
ings on the rotor and the squirrel cage 
on the stator. This motor recently 
showed evidence of heating when run- 
ning on light load and finally refused 
to start, even without load. On testing 
the windings, they were found to be 
free from opens, shorts and grounds. 
The centrifugal switch functions all 
right but shows burning at the contact 
points. The bearings were renewed 
and the contact points cleaned, after 
which the motor started on no-load 
when first reassembled, but after that 
it again refused to run. The rotor was 
free in the bearings and did not rub on 
the stator, also the brushes were oper- 
ating all right. Will someone suggest 
what may be the cause of the trouble? 
Newark, N. J H. M. 


Why Does This Woatt-Hour Meter Run 
Backwards?—I have a 150-kw. motor- 
generator set driven by a synchronous 
motor which is operated from a 2,200- 
volt line. When the set is started why 
does the watt-hour meter run back- 
wards? The fact that it does run back- 
wards surely does not mean that no 
power is used in starting. (2) When 
this machine is running at no-load 
should the ammeter on the exciter be 
adjusted so that the watt-hour meter 
runs very slowly, or so that it stands 
still? (3) When the watt-hour meter 


runs backwards, as mentioned, what is 
the cause of the trouble and what will 
be the effect? Will it harm the machine 
in any way? I shall appreciate any 
information which your readers can 
give me on these points. 

Beaverdale, Pa. M. A. L. 


Rewinding 6-Volt Motor for 110 Volts— 
I have a Gray & Davis 6-volt d.c. motor 
which I would like to convert into an 
electric drill to operate on a single- 
phase, 110-volt, 60-cycle circuit. Is it 
possible to rewind this motor? It is 
equipped with a brush rocker and 
brush spacing device. 

Logansport, Ind. L. E. G. 


What Kind of Clutch Should Be Used 
Here 1—1 should like to get your opin- 
ion on a clutch to be used for driving 
a mine fan. The sketch shows what 
we have at present, but it is not very 
satisfactory, due to the flywheel effect 
of fan and pulley; which causes ex- 
cessive wear on the. square-jaw clutch 
and results in back-lash at .every 
stroke of the engine. 
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The engine is rated at 250 hp. at 175 
r.p.m. and operates at full capacity, 
in one direction only. The clutch is 
used so that the engine may be thrown 
out part of the time and the fan 
driven by a 250-hp. motor belted to 
the pulley. 

What type of clutch could I get that 
would fit into these dimensions and 
be able to carry the load? 

Bicknell, Ind. H. S. B. 
® 9 9 e 


Air Filter for Intake of Air Compressor 
I should like to get a little informa- 
tion from someone who may be in- 
clined to lend a helping hand. The 
plant where I am empioyed has in- 
stalled two feather-valve air compres- 
sors. These compressors are subjected 
to coal dust, coal smoke and sand and 
we are having trouble with the valves. 
After cleaning them they operate 
satisfactorily for about 24 hours, and 
then begin to hang and stick. 

Will someone please give me com- 
plete details of a suitable screen or 
air filter that I could make and use 
on the intake of these compressors? 
Norfolk, Va. W. B. E. 


Gorred AAT 


Answers Received 
To Questions Asked 


Winding Data for Type KT-4, General 
Electric Motor—Will some of the read- 
ers of INDUSTRIAL ENGINEER kindly tell 
me the proper winding for a type KT-4, 
form C, General Electric motor, No. 
678120, 3 hp., 1,800 r.p.m., 220 volts, 60 
cycles? What size wire should be used 
and how should the coils be connected? 
I wish to have this motor operate on 
50 cycles. Should any change be made 
in the original winding? oe te 


Pasadena, Calif. 

Referring to the question by H. B. S. 
in the March issue of INDUSTRIAL ENGI- 
NEER, the 220-volt, 60-cycle data for a 
type KT-4, Form C, three-phase, 1,800 
r.p.m. motor is: thirty-six coils of 
thirty-four turns of one No. 17 single- 
cotton-and-enameled wire. The pitch 
should be l-and-7 and the coils con- 
nected 2-parallel-star. 

For 50 cycles, 220 volts, the coils 
should be wound with forty-one turns 
of one No. 18 silk-covered-and-enam- 
eled wire. The pitch should be 1-and-7 
and the coils connected 2-parallel-star. 
The new rating would be 2% hp., at 
1,500 r.p.m. 


Detroit, Mich. A. C. ROE. 
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Removing Flange Couplings from Line- 
shafting—In the rearrangement of a 
group of machines, it was necessary to 
remove some solid pulleys from a line- 
shaft and replace them with others. This 
necessitated removing and replacing the 
fiange couplings. We were not able to 
replace them so that they would run 
true and had to turn them down. 
would like to know how other readers 
remove and replace filange couplings on 
lineshafts. 

North Chicago, III. G. F. H. 


Answering the question asked by 
G. F. H. in the April issue, possibly the 
trouble which appears to be in the 
coupling is really in the shaft; it may 
be out of line or level. 

If the flanges had been prick-punched 
before removal they would likely go to- 
gether properly; in fact, they may have 
been so marked on their edges, but the 
marks were not found. I would recom- 
ment a good cleaning of the coupling 
and a close search for file cuts or punch 
marks before any turning down is done. 

Then again, if it is impossible to line 
up the two parts of a coupling exactly 
they could be separated anywhere from 
1% in. to 1 in., leather discs inserted be- 
tween them and then bolted tightly to- 
gether, if the load is not too heavy. A 
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coupling altered in this way will be 
more or less flexible. If the shaft is 
traveling fast, say over 150 r.p.m., it 
would be safer to place a hanger on 
each side of the coupling so that in case 
the leather should tear apart the shaft 
ends, being very short, could not bend 
at right angles and whip around, due 
to centrifugal force. 
New Britain, Conn. 
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H. S. Rich. 


Portable Electric Grinder Lacks Power 
I shall appreciate it if some of our read- 
ers will answer the following questions. 
I have a single-phase portable grinder 
which has two windings, starting and 
running, but the motor does not seem to 
have sufficient power when grinding. I 
should like to know if this motor could 
be re-connected for three-phase opera- 
tion, eliminating the automatic cutout on 
the rotor. The motor has twenty-four 
slots 5 in. deep and m in. wide. The 
iron back of the slots is % in. thick. In- 
side diameter of stator is 3% in., length 
of stator 2% in., diameter of rotor 37 
in. If this ange is possible, what size 
wire and how many turns should be used 
and what will the pitch be? I should like 
to have it operate at 3,600 r.p.m. 

I have a small blower motor which 
operates at 220 volts direct current and 
wish to change it to operate at 110 
volts direct current. Will I have to 
reconnect the armature or should it 
be entirely rewound. The commuta- 
tor has twenty-four bars and the arma- 
ture has twelve slots. 

Medina, Ohio. C. F. N. 


In reply to the question asked by 
C. F. N. in the March issue, the motor 
for the portable grinder can be re- 
wound and connected for three-phase 
operation. I would suggest that he 
use No. 21 gage wire, thirty-two turns 
per coil with a coil spread of six slots, 
making a coil occupy slots 1 and 7. 
There will be twenty-four coils, eight 
coils per phase, four coils per phase 
per pole, as the motor will have two 
poles. It will develop approximately 
3,600 r.p.m. The winding should be 
connected series-star for use on 220 
volts. 
Muncie, Ind. 


GEORGE CROPPER. 
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What Causes this Magnet Switch to Stick? 
—We have on a crane hoist a 440-volt 
a.c. magnetic limit switch which fails to 
open about one-half of the time when the 
current is taken off the magnet coil. Al- 
though the core is laminated, there is ap- 
parently enough magnetism left to hold 
the switch in. All of the working 
parts are clean and free. Will some- 
one kindly suggest a remedy for this 
trouble? 
Selby, Calif. J. T. C. 
In answer to J. T. C. in a recent 

issue I believe his trouble can be reme- 

died quite easily. If the armature, the 
element which moves in the core of the 
solenoid, is examined it will likely be 
found that the brass shell is worn 
through or is very thin, thus allowing 
the residual magnetism to hold the 
switch closed. Either the core center 
is protected by brass or the plunger is 
brass covered, so that iron will not ad- 
here to iron. Renew or thicken the 
brass shell and better results will 
likely follow. If the coil has a lami- 
nated keeper, it is probable that the 
copper rivets on the face of the latter 
are worn down, so that the two sec- 
tions come too close together in ac- 
tion. The release may be designed to 
be hastened by a spring which, however, 
may be too weak to open the switch in- 
stantly when the power is off. Without 
knowing the shape of the coil controll- 
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ing the switch, it is hard to cover all 
details when suggesting a remedy. 
New Britain, Conn. H. S. Rick. 
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Supporting Load from Concrete Ceiling— 
In the rearrangement of the plant with 
which I am connected, we frequently find 
it necessary to suspend conveyors, motor 
platforms, countershafts, heavy radiators, 
and similar equipment from the ceiling 
of a reinforced concrete building. I am 
wondering if any of the readers of IN- 
DUSTRIAL ENGINEER have any information 
on how heavy a load can be supported 
from expanded bolts. I would also like 
to find out what other readers consider 
the best method of fastening equipment 
to the ceiling. 

Chicago, Ill. E. D. F. 

Referring to E. D. F.’s question in 
the April issue, the use of expansion 
bolts is too uncertain when heavy 
weights must be supported, particu- 
larly if there is much vibration as with 
shafting, motor platforms, etc., as too 
much depends on getting exactly the 
right diameter of hole. 

A very convenient and inexpensive 
way of providing for the support of 
pipes and other light-weight fixtures is 
to set strips in the beam forms at the 
time the beams are poured and thus 
leave a groove on each side near the 
bottom. For heavier work, some of the 
patented, steel T-groove sections are 
excellent, although they are expensive 
if the whole building is to be equipped 
for future requirements. 

I suspect, however, that E. D. F.’s 
case is like our own and that most of 
the beams and floors have no provision 
made for attaching anything to the 
ceiling. For a beam ceiling, we have 
found the scheme shown in the illustra- 
tion very satisfactory for shaft hang- 
ers, etc. A 4-in. by 2-in. bar is forged, 
for a portion of its length, into a %-in. 
round bar and threaded. Two of these 
threaded straps are used on each beam, 
the two being held by %-in. bolts, 
placed close together at the center of 
the beam. For heavier work, the size 
of the straps and bolts can be corre- 
spondingly increased, being careful, 
however, not to load the concrete beams 
unduly. We have a heavy crane mono- 
rail supported in a similar way with 


Threaded straps bolted to the con- 
crete ceiling beams, are a conven- 
ient means of supporting moder- 
ately heavy loads. 
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angle-iron brackets and used for loads 
of five to ten tons with entire satisfac- 
tion. 

For general purposes, however, if the 
floor above is accessible a through-bolt 
with a fairly large washer, sunk so 
that the top of the head comes flush 
with the floor, and with the opening 
patched with grout in which about 25 
per cent of the sand has been replaced 
with fine, cast-iron chips, will make a 
very satisfactory job. We have some 
very heavy trucking on concrete floors 
and find that such patches, if of reason- 
able depth, are stronger than the origi- 
nal floor. 

Care must be taken in drilling both 
beams and floors to use sharp-pointed 
drills and strike light blows, particu- 
larly when breaking through, so as 


not to flake out big pieces and weaken 


the structure. 


Plant Engineer, H. D. FISHER. 
New Haven Pulp and Board Co., 
New Haven, Conn. . 
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Installing Signal Lamp on Single-phase 
Electric Furnace—Can any of our read- 
ers tell me how to install a signal lamp 
on a single-phase electric furnace? 

There is a switch on the primary side 
of the transformer that furnishes current 
for the furnace, and I wish to find some 
way of installing a light between the 
top carbon electrode and the bottom con- 
tact, so that when the switch is released 
by a short circuit from a piece of metal 
falling against the carbon electrode, we 
can tell by this light whether the elec- 
trode has been raised high enough to 
break contact with the metal, before 
throwing in the switch. 

The winding in the transformer forms 
& permanent circuit, so that we cannot 
apply any outside source of current to 
operate this light. It would save us con- 
siderable money if we were able to con- 
nect up a light of this kind, as the cost 
of carbon electrodes and contacts for the 
switch runs into considerable money. I 
shall appreciate very much any sugges- 
tions which you can give me. 

Michigan City, Ind. P. V. H. 


Answering P. V. H.’s request in the 
March issue, he does not give the volt- 
age of the power supply, but I will 
try to cover three possible conditions. 
These are only suggestions, but I be- 
lieve that they are worth trying, which 
can be done at small cost. 

If the power supply is 220 volts, con- 
nect one 110-volt lamp around, or in 
shunt, with each side of the main 
switch, thus putting the lamps in series 
with the furnace transformer. If there 
is a short across the electrodes the 
lamps will burn brightly; otherwise, 
they will burn dimly. The larger the 
lamps used, the better they would in- 
dicate. In any event, the lamps used 
should all be of the same wattage. 

For a 440-volt supply, two lamps 
should be connected in series around 
each side of the main switch, as indi- 
cated above. 

If your supply is 2,200 volts or over, 
it would be necessary to use a small 
transformer with the primary wound 
for the supply voltage. The primary 
of this transformer should be shunted 
around one side of the main switch in 
series with the main transformer, with 
the secondary connected to a pilot 
lamp. It would, of course, be neces- 
sary to shunt a suitable switch around 
the other side of the main switch in or- 
der to complete the primary circuit 
when testing. 

If desired, a voltmeter could be used 
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in place of the lamps in the foregoing 
schemes, with just as good or perhaps 


better results. C. L. HARTMAN. 
The Hartman Electrical Works, 
Greeley. Colo. 
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Effect of Armature Coil with Reversed 
Polarity—Sometime ago this question 
was raised in our shop: Will a re- 
versed polarity coil in an armature 
burn out while running or what effect 
will it have on the armature? | 

I contend that in order to burn out a 
coil a heavy current must flow in that 
coil, which could only be caused by a 
short circuit. As all coils are connected 
in series, current of the same amount 
would flow in each; if one were reversed 
it would oppose the action of the others 
and having only the same amperage 
through it as the others it could only 
oppose with the strength of one coil, and 
would neutralize one armature coil. 

I should like to hear from some of the 
readers of INDUSTRIAL ENGINEER on this 
question. 
McKeesport, Pa. E. K. 


Answering E. K.’s in the February is- 
sue of INDUSTRIAL ENGINEER, you are 
right in saying that when two or more 
coils are in series the same current 
flows through them all. This being the 
case the reversed coil will not be heated 
any more than the remaining coils in 
the series. Also you are correct in 
your inference that one reversed arma- 
ture coil will neutralize one other coil. 
I might add that when the machine is 
running as a motor, a reversed coil in 
the armature would tend to turn the 
armature in the opposite direction. 
Theoretically, this will lessen the 
torque of the motor but in practice this 
effect might not be noticed as there 
are many coils in most commercial ar- 
matures. 

When the machine is running as a 
generator a reversed armature coil will 
produce less voltage than the other 
side. Therefore, there will be cross 
currents in the armature which may be 
the cause of a noticeable rise in tem- 
perature. 
Concord, Mass. DONALD FERGUSON. 
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Winding Data for Rotor of Repulsion- 
Induction Motor—Can someone tell me 
the correct way to wind the rotor 
of a single-phase, repulsion-induction 
motor which has four poles and four 
brushes? The motor appears to be 
about 1 hp. The nameplate is missing, 
but the motor has thirty-four slots 
and seventy-six bars. The coils have 
four turns, wound two in hand, using 
No. 13 d.c.c. wire. The coil pitch is 1 
and 9. Nine pairs of the bars were 
shorted, I believe in the order X, 7X, 
6X, 7X, 6X, 7X, 6X, 7X, 6X, 6, the X 
representing a shorted pair of bars. I 
have tried six or seven common pitches 
without success, the motor locking at 
certain points in each case. Is it im- 
possible to start up with this commu- 


tator? 
Lewistown, Pa. G. R. F. 


In answer to G. R. F.’s question in 
the March issue, the motor in question 
has only thirty-four slots and there- 
fore when a 76-bar commutator is used 
there will be eight bars too many. In- 
asmuch as the number of bars must be 
odd when the number of coils per slot 
is even, it follows that there will be 
a dead coil and one more bar, nine in 
all, will have to be idle. When laying 
out this winding, first short the bars 
as shown in the drawing and space 
them evenly. 

When this is done consider each pair 
of shorted bars as one bar, when count- 
ing off the lead pitch, which can be 1- 
and-34 or l-and-35. Failure to con- 
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67 Active Bars 
Dead Coil 
Lead Pitch 


When laying out and connecting 
this winding each pair of shorted 
commutator bars should be consid- 
ered as one bar. 


sider and use the shorted bars as one 
bar is what has caused the trouble 
mentioned by G. R. F. 
Detroit, Mich. 

* * $ + 


A. C. ROE. 


Tire Henter for Wheels of Mining Loco- 
motive—I should like to know where I 
can obtain a device for heating the 
tires for removal from the wheels of 
mining locomotives. The wheels are 
about 14 in. in diameter. I should pre- 
fer some device thar, if possible, will 
not require the removal of wheels from 
under the locomotives in order to take 
off the tires and can use kerosene or 
gasoline as a fuel. If any reader of 
INDUSTRIAL ENGINEER has made an outfit 
which will do this work I shall appre- 
ciate it if he will give me details. 
‘Kildav, Ky. C. F. K. 


In a recent issue of INDUSTRIAL ENGI- 
NEER, C. F. K. asked for details of a 
tire heater for mining locomotive 
wheels. Perhaps he can use the heater 
described below, which I made and 
have used with good results on wheels 
up to 72 in. in diameter. 


* Pipe For Small Work 
Air Valve to Burner m Pipe Bent 
4n Circle 


< To Air Supply 


Caecline Tank 


z Holes on 3" Center 


Construction of simple heater for 
removing tires from small loco- 
motive wheels. 


As will be seen from the illustra- 
tion, this heater is very simple, con- 
sisting essentially of a circular burner 
and a gasoline tank. The burner is 
made from a piece of -in. pipe bent 
into a circle about 4-in. in diameter 
larger than the diameter of the wheels 
on the locomotive. Around the inner 
surface of the burner are a large num- 
ber of 1/32-in. holes drilled on 3-in. 
centers. One end of the pipe is capped 
and the other is connected by a -in. 
rubber hose to the compressed air line 
and the gasoline feed line. 

A 5-gal. gasoline tank will be large 
enough for small work. The air in the 
gasoline tank should be kept at about 
70 lb. pressure to insure satisfactory 
results. 

When operating this heater, be sure 
to open the air valve to the burner be- 
fore turning on the gasoline feed valve. 
Both valves should be regulated accord- 
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ing to the amount of heat required. In 
shutting off the heater, close the gaso- 
line feed valve first. 


Chief Electrician, EARLE N. DILLARD. 
Booth-Kelly Company, 
Springfield, Oregon. 
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Winding Data for 18-hp. Motor— Will some 
reader of INDUSTRIAL ENGINEER please 
show me how to figure the winding of a 
motor in which the outside diameter of 
the stator lamination is 17 in.. and the 
inside bore is 12144 in. The axial length 
of the core is 4% in. The primary slote 
are 1% in. deep and the slot width is y 
inches. The tooth width is 1⁄4 in., and 
there are seventy-two slots. I want this 
5 to have six poles and develop 15 
Fayetteville, N. C. E. A. K. 
In answer to E. A. K. in the January 

issue, in order to calculate the winding 

from the data given, the first step is 
to check the amount of iron in the core 
to determine if the required rating can 

be secured. Horsepower = K Xx D? x 

L x r.p.m., where K = .00002755, D = 

diameter of bore, L = length of bore. 

Then horsepower = .00002755 X 12.5 X 

12.5 X 4.5 X 1,200 = 23% hp., approxi- 

mately. The frame is thus of ample 

size for the rating required. 

Next, the cross section of iron below 
the slot is determined as follows: The 
outside diameter of the core, 17 in., 
minus the bore, 12% in., divided by 2, 
equals 2% in. Then 2.25 minus the 
depth of slot, or 2.25 — 1.25 = 1 in., or 
depth of iron under the slots. The cross 
section in square inches equals L X 
depth, or 4.5 X 1 = 4½ sq. in. As the 
total flux per pole is divided into two 
paths the total cross section is 2 X 4% 
sq. in. or 9 sq. in. 

Next, the total flux per pole must be 
determined. This is based upon the 
magnetic density allowable in the core 
below the slots. This density runs be- 
tween 80,000 to 100,000 magnetic lines 
of force per sq. in. For the case in 
hand a density of 90,000 lines per sq. 
in. will do; or the total flux per pole 
88 9 X 90,000, or 810, 000 lines per 
pole. 

Next, the turns per phase can be 
found by the formula: T = (E, X 
10°) — (4.44 X flux X f X K), where T, 
equals turns per phase, (f) is the fre- 
quency of the circuit, and (K) is the 
distribution factor, which depends upon 
the number of slots per pole per phase. 
(E,) is the volts per phase and is equal 
to the line voltage in a series-delta 
connected winding and to line volts 
— 1.73 for a series-star winding. Then 
assuming a 220-volt line and a series- 
delta connection the turns per phase 
equal (220 X 100,000,000) — (4.44 X 
810,000 « 60 K .958) = 108 turns or as 
there are seventy-two coils there will 
be 72 3 24 coils per phase and 
108 + 24—4% turns per coil. As it 
is impossible to have 4% turns per 
coil the only alternative would be to 
use a five-turn coil and reduce the coil 
pitch. 

There are 108 turns per phase; then 
each turn develops 220 — 108 = 2.037 
volts. With five turns per coil there 
would be 5 x 24 = 120 turns per phase 
or, 120 X 2.037 = 244.44 volts per phase. 
Then the chord factor required to re- 
duce this voltage to 220 would be 
220 — 244.44, or .90001 which is the sin 
of 64 deg. 10 min. or an angle of 128 
deg. and 20 min. Now the electrical de- 
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grees below slots equals 72 — 6 = 12 
slots, and 180 deg. -12—15 deg. The 
coil pitch equals 128 — 15 = 8.5, or 9. 
Then a l-and-10 pitch could be used; 
the chord factor would be the sin of 
(9 X 15 + 267) deg. 30 min. or .92388, 
and the line voltage would be 244.44 X 
.92388 = 225.8 volts, which is close 
enough. 

The size of wire is next found. For 
a machine of this size an allowance of 
750 circ. mil per amp. is good practice. 
A 15-hp., 220-volt, three-phase motor 
will draw about 40 amp. per line; then 
the amperes per phase for a series- 
delta connection will be 40 — 1.73 = 24 
amp. Then 24 K 750 = 18,000 circ. mil 
required. One No. 8 wire has an area 
of 16,510 circ. mil and one No. 7, 20,820 
circ. mil. 
make a better coil to wind; then each 
wire would have 18,000 — 2 29, O00 circ. 
mil, corresponding to a No. 11 wire. 
Checking the slot to see if 2 & 5 
2=20 No. 11 wires would fit in each 
slot, 10 high by 2 wide, the diameter 
of one No. 11 d. c. c. wire, is . 10075 in. 
and two would be 2 X 10075 in. = .2015 
in. The slot is .4375 in. wide; then 
.4375 in. — . 2015 in. = .236 in. for slot 
insulation, which is ample for 220 volts. 
The height equals 10 X .10075 in. = 
1.0075 in.; 1.25 — 1.0075 = .2425 in. 
which indicates that a larger size wire 
can be used. A No. 10 wire has an in- 
sulated diameter of .112 in., or .224 in. 
for two. This still leaves ample room 
for slot insulation. Next checking the 
height, 10 X .112 = 1.12 in. which leaves 
1.25 — 1.12 = .13 in. clearance. 

Then the stator winding data will be 
seventy-two, diamond-shape pulled coils 
of five turns of two No. 10 d.c.c. wires 
in parallel, pitch 1 and 10, connected 
series-delta in eighteen groups for four 


coils per group. 
Detroit, Mich. A. C. Rox. 
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Operating 60-Cycle Repulsion Motor on 
25 Cycles—I have a %-hp., 110-volt, 60- 
cycle, single-phase repulsion motor with 
a new winding in the rotor. The only 
current available here is 110 volts, 25 
cycles. I wanted to test this motor out 
and when I connected it to the line it 
would start nicely, but as soon as the 
mechanical switch cut out the rotor 
would stop instantly, as nearly as I 
could see. Then just as soon as the 
brushes got back on the commutator 
the rotor would immediately start and 
then stop again and so on. 

The coil pitch and commutator con- 
nections are the same as in the old 
winding. I have checked up the wind- 
ing for shorts and polarity and it ap- 
pears to be all right. I should like to 
know (1), if the motor will run satis- 
factorily on 60 cycles. (2) What makes 
the motor start and stop this way on 
25 cycles? I shall appreciate any sug- 
gestions which readers of INDUSTRIAL 
ENGINEER can give me. 

Massena, N. Y. F. A. 


In reply to F. A.’s question in the 
March issue, a single-phase induction 
motor which starts on the repulsion 
principle has series-motor characteris- 
tics while starting and when the me- 
chanical governor operates it converts 
the motor into an induction motor, 
with constant-speed characteristics. As 
a series-type motor the speed will rise 
to the point necessary to operate the 
governor regardless of the frequency, 
but when the governor acts the motor 
becomes an induction motor with a 
definite speed determined by the fre- 
quency. Assuming that this is a four- 
pole motor, the governor will be set to 


Two wires in parallel would © 
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operate at about three-fourths syn- 
chronous speed or 1,350 r.p.m. on 60 
cycles. When this motor is started on 
25 cycles the governor will act at this 
speed, whereupon the motor is con- 
verted into an induction motor with a 
maximum speed of 750 r.p.m. The ro- 
tor will be jerked down to this speed 
by the braking action on the rotor, 
due to the tendency to operate as a 
generator. This motor would burn up 
on 25 cycles, even if the governor were 
re-set. The flux density would tend to 
increase in the ratio of 60 to 25 and 
the exciting current would become de- 
structive. 


Electrical Engineer, E. L. CONNELL. 
Van Dorn Elecfric Tool Co., 
Cleveland, Ohio. 
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In answer to the question asked by 
F. A. in the March issue of INDUSTRIAL 
ENGINEER, I believe his motor will run 
on 60 cycles, 110 volts when the start- 
ing mechanism is properly adjusted. 
The motor he describes is not a repul- 
sion motor except when starting. This 
motor, together with some Wagner, 
Century, Westinghouse, and other 
makes of motors, uses the repulsion-in- 
duction principle on starting and em- 
ploys a mechanical device operated by 
centrifugal force to push the brushes 
away from the commutator and at the 
same time short-circuit the commuta- 
tor from within when the motor attains 
synchronous speed. It then operates 
as an ordinary induction motor. 

If F. A. will examine this starting 
mechanism he will probably find that it 
is dirty or out of adjustment and that 
the commutator is not being short-cir- 
cuited, which causes the brushes to 
drop in again for a new start. Take 
into consideration the fact that his 
testing circuit is only 25 cycles, he can 
only expect 25 divided by 60, or ap- 
proximately 41 per cent of the 60- 
cycle speed, which I do not believe is 
enough to operate the starting mech- 
anism properly. Also, at 25 cycles, 110 
volts is much too high a voltage and 
if it were applied long enough it would 
likely damage the winding. 

It will be well, however, to examine 
the starting mechanism to make sure 
that it is not dirty or binding any- 
where. If it was not disassembled from 
the armature during the winding pro- 
cess, it is probably gummed up with in- 
sulating varnish. 

San Angelo, Tex. CURTIS EBNER. 
+ * + * 


With reference to F. A.’s question 
in the March issue, from his description 
of its performance it is apparent that 
this is a repulsion-start, induction-run 
type of machine, and that the trouble 
is due principally to the motor being 
operated on a frequency below rating, 
with the short-circuiting mechanism 
adjusted for 60-cycle operation. Dur- 
ing the starting period the machine op- 
erates as a repulsion motor and dis- 
plays characteristics similar to those 
of a series type (without load), in that 
a speed may be attained which greatly 
exceeds the rated r. p. m., and which 
bears no definite relation to line fre- 
quency. In a motor whose full-load 
speed is 1,750 r.p.m. (four poles, 60 
cycles), the short-circuiting device 
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would operate at approximately 1,500 
r.p.m. Simultaneously with the oper- 
ation of this device, the machine as- 
sumes the characteristics of a squirrel- 
cage type, which runs slightly below 
synchronous speed. If driven above that 
speed it tends to act as an induction 
generator, energy being required. In 
this case, as the speed of the armature 
is 1,500 r.p.m., 100 per cent over the 
25-cycle synchronous speed of 750 
r. Pp. m.. a sudden dynamic braking ac- 
tion results. 

In the case of a 60-cycle motor oper- 
ating on a 25-cycle circuit, care should 
be exercised in applying rated voltage 
to the machine, inasmuch as the effect 
produced will be the same as the ap- 
plication of (12+5) times normal volt- 
age, or, in the case of a 220-volt ma- 
chine, 528 volts. 


Denver, Colo. EDWARD H. HAUSLER. 
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Correcting Power Factor by Synchron- 
ous Condenser—I wish to submit the 
following problem to our readers: A 18 
a distributing station supplying power to 
four feeders, B. C. D and E; B takes 
4,000 kw., C, 3,500 kw., D, 3,000 kw., 
and E, 2, kw. The power factor of 
these loads is: B, 80 per cent, C, 78 per 
cent, D 75 per cent and E, 72 per cent, 
all lagging. It is desired to install a 
synchronous condenser at station C, to 
give 95 per cent power factor. Would 
it make any difference in the size of con- 
denser required at C if stations B, D. and 
E were to correct their power factor to 
unity instead of running at 80, 75 and 72 
per cent respectively, as at present, (1) 
in case station A has ample generator 
and exciter capacity and (2) in case this 
capacity is just enough to carry the 


load? 
Belleville, Ont., Can. J. H. G. 


The following will answer the ques- 
tlon by J. H. G. in a recent issue: 

(1) Under the first set of conditions, 
to raise the power factor to 95 would 
require a synchronous condenser with 
a capacity of 4,100 kva. operating at 
zero power factor leading. (2) In the 
second case if stations (B), (D) and 
(E), should have their power factors 
raised to unity, a synchronous con- 
denser having a capacity of 1,000 kva. 
will be required, operating as before, 
at zero power factor leading. 

The foregoing values are based on 
slide-rule calculations and the actual 
rated capacity of the condenser must 
obviously be somewhat larger to in- 
clude some slight losses as well as to 
give a little extra capacity to insure 
satisfactory operation. 

C. OTTO VON DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 
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In answer to question by J. H. G. 
on power factor correction in a late 
issue, I am offering two solutions to 
the problem. 

To correct the power factor at (C) 
to 95 per cent, a synchronous condenser 
of 1,717-kva. capacity is required. The 
power factor of the other loads has no 
effect on the power factor at (C). 

To correct the power factor of the 
station to 95 per cent requires a syn- 
chronous condenser of 5,190 kva. The 
condenser may be placed at (C) or any 
other point, or smaller units at each 
point. It makes no difference in the 
size required where the synchronous 
condenser or condensers are placed. 


Boston, Mass. D. E. WALCH. 
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Automatic Control for Keeping 
Water Level Constant 


SIMPLE but very practical 
method for fitting an easily- 
made automatic control valve to a 
water tank is shown in the illustra- 
tion. Although this improvised au- 
tomatic valve was devised for use in 
connection with a dipping tank used 
in a forge shop, the idea is applic- 
able in many instances where it is 
desired to maintain a certain quan- 
tity of water in a tank which is filled 
from a pipe controlled by a valve. 
As shown, when making this auto- 
matic control an inexpensive bleeder 
or drain cock is screwed in to the 
end of the inlet pipe. A wooden 
lever is then slotted and secured 
with small bolts to the lever handle 
of the cock. The opposite end of the 
lever is floated on a 1 ft. length of a 
6-in. by 6-in. beam. The float is 
thoroughly painted to protect it as 
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A wooden float is attached by 
means of a rigid arm to the handle 
of the drain cock on the end of the 
inlet pipe. 
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The object of this department is to give details of build- 
best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 
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much as possible from the water. 
The float is large, and has sufficient 
weight to operate the cock under 
any conditions, opening it when the 
level of the water falls and closing 
it when the water reaches the re- 
quired height. 

The total cost of this device is not 
much more than the cost of the cock, 
as the material for making the float 
and lever are available in any shop. 
Washington, D. C. G. A. LUERS. 
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Selecting the 
Proper Extinguishing Agent for 
Various Classes of Fires 


IRE PROTECTION should con— 

sist largely of providing proper 
equipment to handle the fire when 
it starts and knowing what to do 
with this equipment in emergency. 
A large proportion of fires, if prop- 
erly handled when discovered, can be 
put out with but little loss. One big 
mistake in the use of portable ex- 
tinguishers for the little fires lies in 
considering that all kinds of port- 
able extinguishers are equally good 
for any kind of fire. This is not 
true, as all fires are not alike; nei- 
ther are the contents of all extin- 
guishers alike nor do they ex- 
tinguish fires on the same principle. 
The accompanying chart gives one 
method of rating the comparative 
merits, on the fire protective scale, 
of each of four types of chemical 
fire extinguishers and extinguishing 
agents. Before deciding on any ex- 
tinguisher it is well to consider four 
essential points: (1) The principle 
of the extinguishing agent em- 
ployed; (2) the characteristics of 
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that agent; (3) the quantity of the 
agent used; (4) the method of oper- 
ating the extinguisher. 

Fire may be put out with an agent 
having a cooling“ effect, or with 
an agent having a “blanketing” ef- 
fect. Nearly all extinguishing agents 
produce both effects but not to the 
same degree. Many fires, such as 
those in ordinary combustible ma- 
terials—wood and rubbish—can be 
put out with either a “cooling” or 
“blanketing” agent. Other fires, 
such as those of oil, paint and 
greases, must be blanketed. 

The “cooling”? principle is em- 
ployed in extinguishers whose ex- 
tinguishing base or contents are 
water, soda solution, or calcium 
chloride solution. The “blanketing”’ 
principle is represented in two types 
of extinguishing agents: The “gas 
blanketing”’ type and “foam blanket- 
ing” type. Those which have a car- 
bon tetrachloride base produce a 
heavy free gas which seeks the floor 
level. They have no cooling effect, 
but possess the advantage that their 
solution is a non-conductor of elec- 
tricity, hence safe around live, high- 
voltage electrical equipment. Be- 
cause of the ease in portability they 
are the best available for use on au- 
tomobiles, motorboats, motor trucks 
and similar places. In the “foam” 
type of fire “blanketing” agent the 
“bubbles” generated form a wet 
foam which excludes oxygen long 
enough to allow the material that 
was burning to cool. 

Water, because it is almost uni— 
versally available, has been and al- 
ways will be the most widely used 
fire extinguishing agent for exten— 
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sive fire fighting, but it is not used 
by itself to any great extent in port- 
able fire extinguishers. An extin- 


guisher employing water or a soda - 


solution when installed in a place 
subject to freezing temperature, 
must be placed in a heated cabinet 
both to protect it and also because 
chemical reaction takes place slug- 
gishly at low temperatures. Extin- 
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guishers using calcium chloride so- 
lution can employ solutions of such 
concentration that they will with- 
stand temperatures as low as 40 deg. 
F. below zero. However, an extin- 
guisher that discharges water or a 
soda or calcium chloride solution, 
although it can be used effectively on 
ordinary fires, cannot properly be 
recommended for use on extra-haz- 
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ardous fires, such as those in oil, 
paint and so on, or for fires in live, 
high-voltage electrical equipment. 
Water and liquid chemical solutions 
will frequently spread an oil fire and 
are conductors of electricity. Other 
points are covered in the accompany- 
ing table, which was adapted from a 
chart copyrighted by the Foamite- 
Childs Corp. 


Characteristics and Operation of Four Types of Fire Extinguishers and Solutions 


FoaM 


SopAa-AND-ACID 


ANTI-FREEZING 


TETRACHLORIDE 


CHEMICALS EMPLOYED 


METHOD OF OPERATING 


METHOD By WHICH 
PRESSURE Is CREATED 


EFFECTIVE RANGE OF 
STREAM 
RATED LIQUID CAPACITY 
oF Most CoMMON SIZE 
QUANTITY OF PRINCIPAL 


EXTINGUISHING AGENT 
PRODUCED 


NATURE OF PRINCIPAL 
EXTINGUISHING AGENT 


PRINCIPAL 
EXTINGUISHING EFFECT 


` Class Wood, 
Textiles, 
Fires Rubbish, 
etc. 
Is Ir 
REcoG- 
NIZED 
as Class Oils, 
GaP B Greases, 
3 Fires Etc. 
USE 
On 
Class! Electrical 
Fires Machinery 
0 Pleasure 


Class Automobiles, 
D Commercial 
Fires Trucks, Etc. 
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Aluminum Sulphate 
—Bicarbonate of 
Soda with Foam- 

ing Agent 


Invert 


Chemical Reaction 


~ 


30 to 40 Ft. 


21%, Gal. 


20 Gal. 


Firefoam— 
A mass of bubbles 
filled with carbon- 
dioxide gas 


Blanketing 


Yes 
Best Available 


For use in all places 
involving Class A fires 
because of desirable 
characteristics not pos- 
sessed by any other 
extinguishing agent 
(fireproofing effect ; 
smaller wetting effect ; 
etc.) 


Bicarbonate of Soda 
Sulphuric Acid 


Invert 


Chemical Reaction 


30 to 40 Ft. 


21% Gal. 


2% Gal. 


, Liquid 
Soda Solution 


Cooling 


Yes 


For use in places not 
involving oils, greases, 
etc., in any way. 

Must be kept in heated 
cabinet when installed 
in places subject to 


Must be kept in heated | freezing temperatures. 


cabinet when installed 
in places subject to 
freezing temperatures. 


Yes 
Best Available 


For use in all places 
involving Class B fires 
because of character- 
istics not possessed by 
any other type. 


No 8 


Except on low voltage 
when use with caution, 


or where current is 


No 


Because ordinarily it 
has little or no blank- 
eting effect. 


No 


Except on low voltage 
when used with cau- 
tion, or where current 


likely to be turned off. is likely to be turned 


Stream is a conductor 
but a poor one. 


No 
Because of size: not 
splash-proof; subject 


to freezing. 


off. Stream is a con- 
ductor but a poor one. 


No 
Because of size: not 
splash-proof; subject 


to freezing. 


Calcium Chloride 
(special grade) 
Safety FuseCartridge 


Invert 


Burning of Safety 


Fuse 
30 to 40 Ft. 


21% Gal. 


2% Gal. 


Liquid 


Calcium Chloride 
Solution 


Cooling 


Yes 


For use in places not 
involving oils, greases, 
etc., in any way. 

Does not require pro- 
tection at tempera- 
tures down to 40 de- 
grees below zero. 
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No 


Because it has 
blanketing effect. 


no 


No 


Except on low voltage 
when used with cau- 
tion, or where current 
is likely to be turned 
off. Stream is a con- 


ductor but a poor one. 


No 
Because of size; 
splash-proof. 


not 


Carbon Tetrachloride 


with important com- 

ponents for depressing 

freezing point, avoiding 
corrosion, etc. 


Pump 


Pumping Action 


20 Ft. or More 


under full pump pressure 


„ Gal. 


Quantity variable — de- 
pends upon amount of 
liquid which comes in 
contact with heat of fire. 


Free Gas 


Produced when liquid is 
vaporized by heat of fire. 


Blanketing 


No 


Other types are better 
adapted for Class A fires. 
This type good only un- 
der most favorable con- 
ditions because of: small 
size; difficulty of confin- 
ing gas at seat of fire; 
force, range, and dura- 
tion of stream not auto- 
matically assured; oper- 
ator cannot devote entire 
attention to directing 
stream on fire; must be 
used with caution in 
small rooms. 


Yes 


But foam type is better 
adapted for Class B fires, 
This type good only un- 
der most favorable condi- 
tions because of: small 
size; difficulty of confin- 
ing gas at seat of fire: 
force, range and duration 
of stream not automatic- 
ally assured; operator 
cannot devote entire at- 
tention to directing 
stream on fire; must be 
used with caution in 
Small rooms. 


Yes 
Best Available 
For Class C fires, espe- 


cially where current is 
not likely to be turned 
off, because the stream is 
a non-conductor. 

Yes 


Best Available 
For Class D fires because 
of desirable character- 
istics not possessed by 


'any other type. 


*The letter D is for convenience, no letter having been assigned to this class by Underwriters’ Laboratories. 
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Trouble Caused by Switch Blade 
Touching Switch Cover 


RATHER unique case of trouble 

occurred on the 15-hp., 230- 
volt, d. c., motor driving a pump in 
our power house. The starting 
equipment consists of a 100-amp., 
double-pole, enclosed-type, fused 
safety switch and a hand starter 
connected as shown in the accom- 
panying diagram. The motor is 
started and stopped several times a 
day. On one occasion each time the 
operator tried to re-start the motor, 
he found that the fuses were blown. 
After checking up the load and find- 
ing it well within the motor rating 
and also ascertaining that there 
were no grounds on the circuit, I 
felt that the operator must be start- 
ing the motor too quickly. I watched 
him carefully the next time he 
started, but found that he started 
the motor in the correct time. The 
motor ran perfectly for a half hour 
and was then shut down by opening 
the safety switch. I found that both 
fuses were again blown. 

Upon looking over this switch I 
noticed the paint was burnt off the 
inside of the box and two small blis- 
ters burnt on the cover in line with 


When the safety switch was opened 
to stop the motor, the switch 
blades came in contact with the 
switch-box eover. 


The fuses were blown because the 
cover made a. short circuit across the 
armature of the motor which was act- 
ing as a generator while coasting to a 
standstill. The short circuit was 
across the switch blades at the point 
indicated in the illustration at the left 
of the diagram. The illustration shows 
how a fiber block was placed to in- 
sulate the switch blades from the 
cover, 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 
tion, overhauling, testing or special installations. 


the top of the switch blades. This 
gave me a clue. I found that when 
the switch was fully opened, both 
switch blades touched the inside of 
the cover. Of course, the circuit 
from the line was broken when this 
contact was made, but the motor 
was generating voltage at the mo- 
ment the switch was pulled, so that 
a circuit was formed through the 
two knife blades of the switch, 
through the switch cover and thence 
through the starter and leads to the 
motor brushes, as shown in the ac- 
companying diagram. This was 
really a dead short across the arma- 
ture. The current built up in this 
circuit was heavy enough to blow 
the fuses which, of course, opened 
the short circuit. In other words, 
what we had was a very strong dy- 
namic braking circuit which would 
have brought the motor to a dead 
stop very quickly had not the fuses 
blown. 

The trouble was very easily cor- 
rected by bolting a piece of -in. 


r- Fiber block to 
Insulate mn blade 
trom cover 
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fiber inside the switch box as shown 
in the figure at the left of the dia- 
gram, so that when the blades were 


open they came in contact with the 


fiber instead of the metal of the 


cover. O. C. CALLOW. 


Chief Electrician. 
Trumbull Cliffs Furnace Co., 
Warren, Ohio. 


— — 


How to Make a Neat and Tight 
Job of Exposed Wiring 


HEN running long lines of 
exposed wiring through a 
plant, a neat and tight job can be 
done by the following procedure, 
which involves only a few extra 
steps. Fasten the end of the line 
securely by two or three cleats 
placed close together; then go to the 
other end of the room, pull the line 
as tight as possible by hand and se- 
cure it by two or three more cleats. 
Go back to the beginning, place the 
next cleat 4½ ft. from the first one 
and gently pull down on the line be- 
yond this cleat, in order to tighten 


Starter 
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the line still more before fastening 
the cleat. Work along in this man- 
ner, placing one cleat after another 
and pulling down on the line just 
ahead of each of the cleats before 
tightening it. 

When close to the last fastening 
remove it to another point farther 
ahead, again placing two or three 
cleats close together to hold the line 
firmly; otherwise it will slip. When 
turning a corner, if the line is to go 
very far, follow the same procedure 
that has been outlined. 

In this way it is possible to put up 
a line that looks neat and is as tight 
as can be desired, without the use 
of a “come along” or other rigging 
often employed for this purpose. 
New Britain, Conn. H. S. RICH. 


— — e 


An Easily Made 


Device for Warning Engineer of 


Time to Blow Whistle 


O FORESTALL a possible lapse 

of memory at whistle time, an 
operating engineer of a factory 
power plant has rigged up a device 
to warn him of the approach of the 
time the whistle must be blown. At 
this plant the whistle is blown at 
8:00 a. m., 12:00 m., 1:00 p. m. and 
5:00 p. m. As will be seen from the 
illustration, the metal dial of the 
engine-room clock was removed and 
l-in. holes were drilled through 
just inside the circle of numerals at 
each of the above hours. Another 
g-in. hole was drilled just. outside 
the circle of numerals and above the 
numeral, XII. From each of the 


four inside holes, a narrow piece of 


ribbon steel projects. About 1⁄4 in. 
of the projecting end of each piece is 
bent nearly at right angles in the 
direction of the rotation of the 


pRibbon Steel 
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hy 


Pad 
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hands, as shown in the figure at the 
bottom of the illustration, while the 
other end is soldered to the end of 
an insulated copper wire which is 
glued to the back of the dial. A 
piece of ribbon steel slightly longer 
than the others, and with a bend of 


only %o in. at its projecting end is 


similarly inserted in the outside hole 
and soldered to the end of a copper 
wire. The soldered joints and pieces 
of ribbon steel are insulated from 


the dial. 


The four wires running from the 
four inside holes are joined to a 
single wire which is carried outside 
the casing of the clock and con- 
nected, through a button or snap 
switch, to one pole of a dry battery. 
The wire leading from the outside 
hole is also carried outside the cas- 
ing and is connected through an 
electric bell to the opposite pole of 
the battery. 

During a revolution of the hour, 
or short hand, the tip passes over 
the four inside holes, while in each 
revolution of the minute hand, the 
tip passes over the outside hole. Sup- 
pose one of the hours at which the 
whistle is to be blown, as at noon, is 
approaching. Then the hour hand 
will make contact with the bent end 
of the steel ribbon projecting from 
the hole beneath the numeral, XII, 
when the minute hand stands at, 
say, three minutes to 12, and it will 
still be in contact when the minute 
hand is exactly at noon. At this 
point the circuit will be completed 
from one side of the battery to the 
bell, through the bell to the ribbon 


Ribbon steel contacts are placed 
in the dial at points corresponding 
to certain hours and when the 
hands touch their contacts the cir- 
cuit is completed and the bell 
rings. 


contacts, 
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steel contact at the top of the nu- 
meral, XII, through the minute 
hand, through the hour hand, 
through the ribbon steel contact at 
the bottom of the numeral, XII, 
thence through the button switch to 
the other side of the battery. Thus 
the bell will ring and warn the engi- 
neer that it is 12 o’clock and time to 
blow the whistle. 

The steel ribbons are tempered so 
that they will spring back to their 
original position when the hands 
have passed by them. Their fine- 
ness and flexibility is such that they 
offer practically no resistance to the 
movement of the hands. The button 
switch was inserted so that the cir- 
cuits may be kept open between 5:00 


p. m. and 8:00 a. m. A. J. DIXON. 
St. Louis, Mo. 


— 


Differentially-Connected 
Compound Motor Reverses When 
Operated Under Heavy Load 


F a compound motor has its field 
windings differentially connected, 
the direction of rotation of the mo- 
tor may reverse when operated under 
heavy load. 

A compound machine may be con- 
nected in two ways. One is to con- 
nect the two field windings so that 
the magnetic flux set up by both the 
series and shunt coils is in the same 
direction. When so connected the 
machine is said to be cumulative 
compounded. The second method of 
connection produces two fluxes that 
are opposed to each other, the weaker 
of the two partially overcoming the 
other and thereby producing a 
weaker magnetic field than would be 
produced by the shunt field winding 
alone. This second method is called 
differential compounding and will 
often cause trouble if the motor is 
operated on a heavy overload. The 
reason for this is explained below. 

At light loads some differentially 
compounded motors will operate with 
apparent satisfaction, but at heavy 
loads may spark badly and at times 
flash over and then rotate in the op- 
posite direction. For an explana- 
tion of this condition consider what 
is taking place inside of the motor at 
different load steps. At light loads 
the current in the series field wind- 
ing is comparatively small and the 
magnetic flux set up by it is weak, 
while the flux set up by the shunt 
field winding is strong since it has 
impressed upon its terminals full line 
voltage, or nearly so, depending 
upon whether the machine is con- 
nected long shunt or short shunt. 
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Because of these conditions the flux 
set up by the shunt winding prevails 
and therefore determines the direc- 
tion in which the motor will rotate 
at light or zero loads. With an in- 
crease of load the current in the 
series winding becomes greater, 
thereby setting up a greater mag- 
netic field which, being opposed to 
the shunt field flux, neutralizes a por- 
tion of it and produces a weaker 
magnetic field. Since the load has 
been increased, the speed of the 
motor will probably not be affected 
to any great extent. With still 
greater loads the series field current 
becomes greater and in turn weakens 
the motor field. When the current 
in the series winding becomes great 
enough it will set up a flux which will 
entirely overcome that produced by 
the shunt winding and build up a 
magnetic field of the opposite 
polarity. In such a case the direc- 
tion of rotation will be reversed. 

_ The size of the feeders supplying a 
differentially - connected compound 
motor often affect the operation of 
the motor. If the feeders are rather 
small to carry the required load, the 
voltage drop over them may aggra- 
vate the conditions described above. 
If the feeders are too small the drop 
at the motor may be excessive at 
heavy loads. Since the resistance of 
the feeders remains practically con- 
stant, the voltage drop along them 
will be proportional to the current 
passing through them, as the drop is 
equal to the current times the re- 
sistance. 

At heavy loads under such condi- 
tions the voltage across the. shunt 
winding would be decreased and 
therefore the flux set up by this 
winding would be decreased. At the 


same time the current in the series. 


winding would increase, thus increas- 
ing the flux set up by it. If these 
connections were as in a differential 
machine, the series field flux would 
be of the opposite polarity to that set 
up by the shunt winding and this 
would tend to weaken the field to a 
still greater extent. If these condi- 
tions were carried far enough the 
field set up by the shunt winding 
would be entirely neutralized and the 
field set up by the series winding 
would prevail and cause the motor 
to rotate in the opposite direction. 
Such a motor may rotate opposite to 
the direction desired at the time of 
starting because of the momentary 
heavy current in the series winding. 
this producing the effect described 


above. LEROY A. FRANCIS. 
Instructor of Electricity. 

Utica Free Academy, 

Utica, N. Y. 
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Device for 
Recording Trips of Coal Car to 


Boiler House 


N A plant recently visited by the 
writer, a clever scheme was in 
use for keeping track of the number 
of trips the coal dump car made 
from the stock pile to the firing floor 
of a boiler house. Inasmuch as the 
dump car is always filled to capacity 
(3,000 Ib.), this is an accurate 
method of keeping track of the coal 
consumption of the boilers, with a 
minimum of trouble and expense. 
As can be seen from the accom- 
panying illustration, a cam lever is 
pivoted on a stud projecting from 
the web of the rail of the dump car 
tracks. In running along the rail 
the car wheels depress the cam lever 
and thereby actuate, through the 
switch lever, the mechanism which 
controls the electrical connection. 
As soon as the car wheel has passed 
over the cam, the levers are snapped 
back to their original position by 
the spring S. - 
The electrical control mechanism, 
which is shown in the upper right- 
hand corner of the illustration, is 
enclosed in a sheet iron box. A 14-in. 
brass rod extends across the box 
from side to side, the ends being se- 
cured in fibre sockets. This rod is 
loosely encircled by two brass 
sleeves, the contiguous ends of 
which are notched to form a four- 
tooth ratchet clutch. The right- 
hand sleeve engages with a station- 
ary toothed collar, as shown in the 
illustration. A spring is placed 


In passing over the cam lever the 
coal car actuates a switch mechan- 
ism, completing the circuit to a 
time detector which records the 
trip. 

On the trip in, the car wheels depress 
the cam lever twice and on the trip 


out the lever is depressed two more Spring- 


The switch mechanism is 80 
arranged that the cam lever must be 
depressed four times for each time an 


indication is made on the record. 


Fiber VE 
socket, 


Wooden switch lever- 


Vol.82, No.5 


around the brass rod and between 
the left-hand fibre socket and left- 
hand sleeve in such d manner as to 
hold the sleeve teeth in mesh. The 
right-hand sleeve carries a fiber 
band through which projects a 
small, brass pin. 

When the switch lever is depressed 
the sleeves are given a quarter turn 
by the pull of the chain which con- 
nects the switch lever with the left- 
hand sleeve. When the lever is re- 
leased, the left-hand sleeve is pulled 


‘back to its first position by spring 


R, but the right-hand sleeve is kept 
from turning back by the clutch on 
the stationary collar. 

As there are two wheels on each 
side of the car, the right-hand sleeve 
is given two quarter-turns while the 
car is being run into the boiler 
house, and another two quarter- 
turns while it is being run out. 
Hence, the sleeve makes one com- 
plete revolution each time a carload 
of coal is delivered, and at one point 
in the revolution the brass pin, 
which projects through the fibre 
band, is momentarily in contact with 
the tongue T, thus closing the elec- 
trical circuit to the time detector 
which is located in the chief engi- 


neer’s Office. A. J. DIXON. 
St. Louis, Mo. 


Switch for Charging Batteries 
in Parallel or Series 


N OUR General Electric bat- 

tery-charging panel it is pos- 
sible to take care of eight different 
batteries connected to only four 
switches, but inasmuch as some of 
the electric tractors are too large to 
be taken to the charging room they 
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are charged in their respective de- 
partments, an arrangement which 
saves considerable time and trouble. 

As each switch on the main panel 
will care for two batteries it is pos- 
sible to connect each pair in series 
and thus save fifty per cent of the 
ampere-output from the generator. 


Battery in sae 
distant tt + 


+ 
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„„ 
l Throw pv right for + 
parallel! connection 


series connection 
11 
Battery in 
Charging oom 


As indicated by conditions, storage 
batteries may be charged in par- 
allel by throwing the switch to 
the left, or in series by throwing 
it to the right. 


When one battery in a distant de- 
partment is connected for charging 
it may be put in series with a sim- 
ilar sized one in the charging room, 
by using this switch, either in se- 
ries or in parallel, with a pilot lamp 
for fn indicator. All of the charg- 
ing switches are capable of carry- 
ing 100 amp., and often a battery is 
given 90 amp. when not enough time 
can be spared for a normal charge. 
The parallel-series switch can be al- 
most instantly thrown either way, 
as the pilot lamps indicate the load 
on the generator. 

When the near and far batteries 
are being charged in series the pilot 
lamps will glow faintly; but if the 
far one is suddenly disconnected, the 
pilot on that line will light brightly, 
showing an open line. Then the 
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switch is thrown to parallel and the 
rheostat re-adjusted for the remain- 
ing one battery in the charging 
room. ) 
When only one battery is on 
charge at 45 amp., and the distant 
one is suddenly connected for a 
short charge, the load will drop to 
about 25 amp., by the meter. The 
switch is then thrown to the series 
side and the rheostat adjusted to 
bring the charging rate up to its nor- 
mal value of 45 or 50 amp. 
New Britain, Conn. H. S. RICH. 
— . — 


Air Gage Remodeled as Low 


Pressure Indicator 


N ORDER to insure maintenance 

of the proper air pressure for the 
operation of air lifts and ramming 
machines in a foundry, an old pres- 
sure gage was remodeled and used 
as an electric contactor to control 
two pilot lights, which are lighted 
when the pressure drops below a 
certain value and extinguished when 
it becomes normal. The changes 
made in the gage consisted in fast- 
ening near the end of the spiral tube 
a fiber insulating block carrying an 
adjustable thin brass finger, to 
which is connected one side of the 
snap switch. One side of the nearby 
pilot lamp is connected to the shell 
of the case and the 110-volt line is 
connected to both the switch and the 
lamp. In parallel with this lamp is 
another one placed in the superin- 


As the spiral tube of the remodeled 
gage moves inward with a de- 
crease in pressure a carbon block 
on the end of the tube makes con- 
tact with another block on a brass 
finger mounted on a fiber block, 
and lights the signal lamps. 
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tendent’s office. Both lamps are col- 
ored red to attract attention. When 
the lamps light it is an indication 
that the air pressure is low and 
another air compressor should be 
started. 

Adjoining the contactor is a 
standard air gage by which the high 
and low limits are checked. When 
the air compressor is shut down for 
the night the snap switch is used to 
open the line. 

The contacts can be set for any 
particular pressure by adjusting a 
small screw. As the device is set 
now, contact is made and the lamps 
lighted when the pressure drops be- 
low 80 lb. and extinguished when it 
again reaches that figure. The con- 
tacts are made of small carbon 
blocks fastened with countersunk 
screws. H. S. RICH. 


New Britain, Conn. 
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Burning of Switch 
Contacts Prevented by Shunt 
Across Motor Field 


REVERSING switch made by a 

well-known manufacturer for 
elevator service is subject to consid- 
erable burning of the contacts. The 
controller used with this switch is 
of the type that has one side of the 
line broken by a clapper or arm with 
carbon points. While we were work- 
ing on an installation that had given 
a great deal of trouble we discov- 
ered that the burning of the con- 
tacts when the switch was opened 
was caused by a discharge from the 
motor fields. Accordingly, we 
shunted a suitable resistance across 
the fields and the burning stopped. 
Since then we have done that on sev- 
eral switches operating at different 
voltages and they have all worked 
satisfactorily, burning being greatly 
reduced. k 

Some time ago we ran into a sim- 
ilar situation on a 110-volt motor op- 
erated through a remote-control 
system. The controller had a clap- 
per coil that automatically cut some 
resistance into its own circuit when 
the clapper was in. This resistance 
finally burned out, causing the clap- 
per to keep going in and out and 
destroying its usefulness. 

As an experiment, we connected 
up a mica socket, with a 110-volt 
lamp, in place of the resistance. The 
company had ordered a new resist- 
ance coil, but the results when the 
lamp was used were so satisfactory 
that it was not considered worth 
while to put the coil in. 

Peoria, IN. GEORGE RINGNESS. 
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This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 
ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Advantage of Direct Drive 
for Swing Saw 


IRECT connection of motors to 

the swing saws in a Massa- 
chusetts bex factory has, according 
to Joseph Franz, Stockbridge, 
Mass., allowed the size of motor 
used to be reduced from 3 hp. or 
5 hp. to 1 hp., with a consequent 
saving in first cost and in energy 
consumption. The motor and saw 
are both mounted on an oak frame 
as the illustration shows and are 
connected by a short shaft running 
in a bearing. The shaft is about 
1 in. larger than the motor shaft, 
which fits into and is keyed to it. 
The other end of the shaft is turned 
down to fit the saw arbor. An iron 
rod passing though the upper end of 
the frame fits in holes in supports 


/ * 
rf Rest Position, 
! of Saw 
a 


ning 


hung from the ceiling so that the 
saw can be swung for cutting. A 
counterweight fastened on the up- 
per part of the frame makes the 
saw hang in the proper position. 
The 20-in. saw shown is driven by 
a I-hp., 1,800-r.p.m. motor, although 
a 3-hp. or 5-hp. motor was formerly 
used with the usual method of con- 
nection. This new construction 
eliminates the bearings at the top 
of the saw frame which supported 
the frame and also the belt drive to 
the saw, which was necessarily tight 
on account of being short and run- 
in an almost vertical posi- 
tion when cutting. Practically all 
of the power is transmitted to the 


Mounting the saw on an extension 
on the motor shaft makes possible 
the use of a smaller motor. 


saw, and when idling the wattless 
current is small compared with that 
of the larger motor. There is no 
power wasted through a belt and the 
loaded bearings. Another advan- 
tage is that there is no belt to break 
and cause injury to the operator or 
nearby workmen. 

Such a saw is not desirable for 
very heavy cutting, but it has been 
used satisfactorily on %-in. stock of 
various kinds of wood. 


„ 
The Jingling Oil Ring Always 
Means Trouble 


HE first time that I saw or had 

any experience with ring-oiling 
bearings on a generator was away 
back in 1891. We had just installed 
a Thomson-Houston compound- 
wound machine known as A 35. Soon 
after starting it up, and when the 
load was quite heavy, I noticed a pe- 
culiar jingling sound and was at a 
loss to account for it. We had care- 
fully filled the bearings, which were 
of the self-oiling, ring type, with a 
good grade of dynamo oil; so I did 
not think anything was wrong with 
them, inasmuch as I had just felt 
them and found them cool. The light 
over the machine was poor, so that 
when I looked into the bearings the 
oil and rings appeared to be all 
right. 

It so happened that there was 
more or less vibration of the ma- 
chine and this, together with the 
suction-fan action of the commuta- 
tor, which was just outside the bear- 
ing on one end, caused the oil grad- 
ually to work out of the bearing and 
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fly over the edge of the commutator 
in a fine spray. As I was not used 
to anything like this I did not grasp 
its significance until the bearing 
commenced to smoke, at which time 
the ring was jingling quite loudly 
and quick action was necessary to 
avoid serious trouble. 

I stopped the suction effect of the 
commutator on our A 35 by the use 
of a tin apron bolted to the brush 
yoke and later the vibration, by bolt- 
ing the machine down to heavy tim- 
bers set in concrete. 

This incident taught me a lesson 
which I made use of only a year or 
so ago. I happened to be in a place 
where an electric water pumping 
outfit had been installed, and just 
about 5 min. after the owner had 
started it. I heard a jingling ring! 
At once I asked the owner if he had 
put oil in the bearings and quick as 
a flash he pulled the switch and did 
so. I then related to him my “ring” 
story which, in view of his own nar- 
row escape from trouble, was quite 
amusing to him. 

This story has a moral: Beware 
of the jingling ring on self-oiling 
bearings. HENRY MULFORD. 


Electrician, 
Patchogue Electric Light Co., 
Patchogue, N. Y. 
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Motor Speed Important Factor 
in Selection of Drive 


HOSE who have had extensive 

experience with motor applica- 
tions have repeatedly stated that the 
majority of motor failures are due 
to some mechanical cause, frequently 
originating outside of the motor it- 
self. A common source of such 
mechanical trouble will invariably be 
found in defective drive conditions 
under which the motor operates. 


maintenance 
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The principal factor affecting the 
drive conditions, insofar as the mo- 
tor itself is concerned, is the motor 
speed. Intimately associated with 
the speed are the actual means of 
transferring the power from the mo- 
tor shaft to the load. Among these 
are direct connection, spur gearing, 
herringbone gearing, belting, flex- 
ible couplings, and chain drive. 

The selection of the proper motor 
speed in combination with the best 
drive for a given application war- 
rants considerable study in order to 
obtain the best results. Since the 
cost of motors of a given horse- 
power rating decreases with increase 
in speed, the mistake is often made 
of using a motor with too high a 
speed in order to save on first cost. 
After installation, the motor is a 
continuous source of trouble, not due 
to any inherent fault of its own, and 
quickly eats up in high repair and 
charges any saving 
that may have been effected in first 
cost. 

The drive should be made as eff- 


‘cient as possible, so that the high- 


est-speed motor compatible with 
good operating results can be in- 
stalled. To determine the most eco- 
nomical installation it is usually 
necessary to balance the cost of a 


.high-speed motor with a special 


drive fitting the application, against 
a lower speed motor with ordinary 
drive such as plain spur gearing. 

The accompanying table of recom- 
mended motor speeds is based on ex- 
tended experience with induction 
motors in heavy duty service. 

Direct connection is the ideal 
drive and should be given preference 
wherever the service conditions war- 
rant it. It must be remembered, 
however, that direct connection does 


Recommended Synchronous Speed of 60-Cycle, Induction Motors 


For BELTING, FLEXIBLE 


Hp. RATING 


Highest r.p.m. 


1.800 
1,800 


COUPLING, HERRINGBONE 
GEARS, CHAIN DRIVE 


For PLAIN SPUR ` 
GEARING 


Best r.p.m. 
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not mean merely coupling a motor 
to a drive shaft which is itself 
geared to the machine proper, as in a 
triplex pump. This would be a gear 
drive in every way. For true direct 
drive, such as can be applied to a 
centrifugal pump, high-speed motors 
1,800 r.p.m. and even 3,600 r.p.m. in 
the smaller sizes will give satisfac- 
tory service. 

It frequently happens that a man 
takes charge of the electrical equip- 
ment in a plant after the installation 
is complete and finds that he has 
considerable trouble with some of 
his motors all of the time. If the 
fault lies with too high a motor 
speed for the type of drive in use, 
the trouble may manifest itself in a 
variety of ways, such as broken con- 
nections, loose rotor bars, sprung 
shafts with rotor rubbing on stator, 
and even broken frames. These are 
invariably caused by vibration. This 
is particularly true if the machine is 
gear driven. In this case, the vibra- 
tion is not a visible chatter but is a 
fine, sharp buzz that can best be de- 
tected by the fingertips. Quite often 
crystallization results, which is very 
destrfictive to connections and other 
parts of the motor. 

The following instance shows how 
the reduction of motor vibration cor- 
rected motor trouble in a large mill. 
A 25-hp., slip-ring induction motor, 
operating at 900 r.p.m. and con- 
nected by spur gearing to a triplex 
plunger pump, had been operating 
on intermittent service without 
trouble for several years. An in- 
crease in mill capacity necessitated 
operating this pump practically con- 
tinuously. About this time troubles 
began to develop in the motor. Every 
month or so a rotor connection 
would break or burn off. An end 
bell cracked and had to be changed 
and the bearings seemed to wear at 
an abnormal rate. Eventually the 
rotor shaft was sprung so badly that 
a new rotor had to be installed. All 
this naturally entailed loss in pro- 
duction and considerable expense. It 
was noticed that in spite of the ut- 
most care in aligning the motor and 
fitting the gears and pinions, consid- 
erable vibration was always evident 
in the motor. It was finally decided 
to interpose a flexible coupling be- 
tween the motor and the pump and 
this effectively prevented further 
trouble with the motor. 

Reference to the accompanying 
table indicates that for a 25-hp. 
motor and gear drive the best motor 
speed would have been 600 r.p.m. 
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and the highest permissible speed 
700 r.p.m. Therefore, had a motor 
of either of these speeds been orig- 
inally installed, or a special drive, 
such as the flexible coupling later in- 
troduced, been used at 900 r. p. m., 
this motor trouble and the attend- 
ent losses would have been averted. 


Comerio Falls, FREDERICK KRUG. 
Bayamon, Porto Rico. 
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Special Belt 
Eliminates Use of Idler Pulley 


on Commutator Slotter 


ECENTLY it became necessary 
to put a commutator slotting 
machine in service before receiving 
the motor that was intended to op- 
erate it. The proper motor would 
have been mounted on the framework 
of the slotter and belted to the saw 
spindle by means of a sewing ma- 
chine belt passed around an idler 
pulley, because the distance between 
centers of pulleys was only about 
20 in. As a temporary makeshift, 
a l-hp. motor was mounted on the 
floor with its pulley directly under 
the slotter pulley at its center of 
travel. Grooved pulleys were used 
on both shafts and the distance be- 
tween centers, which was increased 
to 40 in., was depended on to keep 
the belt sufficiently tight through- 
out the 7-in. travel of the slotting 
saw in its movement from one end 
of a commutator to the other. It 
failed, however, to do so. With the 
belt adjusted to have sufficient ten- 
sion to keep the saw moving in the 
center of travel the belt became taut 
before reaching either limit of travel 
and with the tension adjusted to suit 
both limits of the stroke the saw 
would jam in the center of its travel. 
In order to overcome these trou- 
bles a machinist, who had used the 
device before, made a special helt 
consisting of 34-in. by l-in. pieces 
of single-ply belting riveted, allow- 
ing 1% in. between centers, to a 
continuous backing of single-ply belt 
34 in. wide. The belt as a whole 
was then shaved to a wedge shape 
to fit into the grooves of the two pul- 
leys. With 36 in. or less between 
the centers of the pulleys this belt 
pulls the saw around satisfactorily 
at all points of the travel and abso- 
lutely no trouble has developed since 
installing it. Some device of this 
kind was necessary because the size 
of the I-hp. motor made it impracti- 
cable to install it in the space pro- 
vided for a much smaller motor. 
Brooklyn, N. Y. J. A. HORTON. 
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Making a Speed Reducer With a 
Large Range of Speeds 


FTEN it is necessary to drive a 
machine at a speed much lower 
than normal, when doing such jobs 
as banding armatures or grinding 
or turning slip rings or commuta- 
tors of generators, rotary convert- 
ers or large motors. 
A motor with a combination of 


pulleys and countershafting mounted 


on skids in such manner that it can 
be moved to any job is very con- 
venient for doing this work. The 
device shown in the illustration con- 
sists of two 9-m. step pulleys, an 
8-in., a 12-in., and an 18-in. pulley 
and a combination 5-in. and 24-in. 
pulley on countershafts that are 
mounted on a channel-iron frame- 
work. At one end of the framework 
is a base plate for mounting a motor. 

This speed reducer is arranged to 
give a large range of speeds. The 
motor is belted to the 24-in. pulley. 
The driven machine may be driven 
from the 5-in., 7-in., 8-in., 9-in., or 
11-in. pulleys on the same shaft, or 
the 9-in. step pulley may be belted 
to the 9-in. step pulley on the coun- 
tershaft and the desired speed ob- 
tained from the 12-in. or 18-in. pul- 
ley. Another combination is to drive 
the countershaft from the 8-in. pul- 


ley and drive the machine from the 


18-in. pulley. By interchanging the 
18-in., 12-in., and 8-in. pulleys other 
combinations may be obtained. The 
24-in. pulley is arranged so that it 
may run loose on the shaft by re- 
moving a taper pin. In this case’ the 
motor drives the 24-in. pulley, the 


18-in. pulley is driven from the 5-in. 


and the machine may be driven from 


Two shafts fitted with pulleys of 
various sizes are mounted on a 
channel-iron framework, to make 
an easily portable outfit. 
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the 12-in. pulley or by belting the 
step pulleys together the machine 
may be driven at different speeds 
from the 8-in. pulley. 

Oxnard, Calif. W. W. PEASGOOD. 


Loose Motor Shaft Cause of 
Insulation Chafing 


HAFING of insulation at the 

ends of the armature slots of 
a 15-hp. direct-current motor driving 
a drug mill, resulted several times in 
a grounded winding. After a long 
investigation this was found to be 
caused by a loose motor shaft. Be- 
fore the cause of the chafing was de- 
termined the motor repeatedly gave 
trouble. The insulation was found 
to be cut in different slots, and al- 
though the motor was temporarily 
repaired by replacing the insulation, 
it finally had to be rewound. In re- 
winding, the coils were protected 
with extra layers of insulation, but 
as the trouble did not disappear the 
armature was at last taken from the 
frame for examination. After re- 
moving the coils the armature was 
placed in a lathe and its core was 
made stationary by means of a tool 
held in the tool post. Then it was 
noticed that on pulling the lathe belt 
the motor shaft revolved slightly in 
the core. When the core was taken 
off the shaft the keyways in the core 
spider and the shaft were found to 
be of different widths, allowing some 
rotation of the core on the shaft. As 
the load on the motor was one which 
increased and decreased suddenly, 
the coil leads connected to the com- 
mutator were worked back and forth 
in the slots as the load changed, and 
this chafed the insulation. By cut- 
ting a new keyway and using a 
larger key the trouble was entirely 
removed. L. A. FRANCIS. 
Utica, N. Y. 
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In the Repair Shop 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 


or improved methods. 


Contributions are always welcome. 
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Novel Method of 
Turning Commutators of Large 


D. C. Machines 


ANY plants which operate 

large d.c. machines do not 
have in their repair shops a lathe 
of sufficient size to accommodate the 
armature for the purpose of turning 
down the commutator. In such 
cases it is usually necessary to take 
the armature to some convenient ma- 
chine shop or to purchase a special 
commutator grinding outfit to fit the 
machine. However, if the plant is 
situated in an isolated locality with 
machine shops a considerable dis- 
tance away, it is necessary to resort 
to some other method of getting the 
commutators turned down when oc- 
casion arises. 

The accompanying illustration 
shows how the writer solved this 
difficulty in turning down the com- 
mutator of a 40-kw. exciter driven 
by a water wheel. The armature was 
supported by wedges on the lower 
pole pieces and the end bell removed. 
The bearing was then removed from 
the housing and rigidly supported 
at the proper level and alignment by 
means of a U-bolt, as shown, the 
whole being mounted on a wooden 
frame which was securely nailed to- 
gether. The supporting wedges were 
then removed and the commutator 
turned down by means of a portable 
slide rest mounted at the proper ele- 
vation on the wooden framework. 
Inasmuch as the unit is driven by a 


Pelton wheel, the speed could be ad- 
justed to any value desired. To 
avoid vibration the speed was kept 
somewhat lower than for lathe turn- 
ing and a fine, true job resulted. 

In another plant the tommutator 
of a 75-kw., d.c. generator was 
turned down in a similar manner. 
This unit is a motor-generator set 
driven by a 112-hp. motor and the 
whole is supported on only two bear- 
ings. As the speed is 1,200 r. p. m., 
it was not possible to use a motor 
for turning the armature. The 
shaft with the rotor and armature 
was accordingly entirely removed 


ta — a 
X A 
Lr ae cd 
— i t 


The bearing was removed from the 
housing and held in place by a U- 
bolt in a heavy wooden framework 
which supported the commutator 
end of the armature. 
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from the unit and rigidly mounted 
on a wooden platform and two bear- 
ing supports made up of rail ties. 
A 5-hp. back-geared motor was 
belted to it, the belt being slipped 
over the rotor as a pulley. This gave 
a speed to the armature of about 
100 r.p.m., which, while somewhat 
slow, resulted in a good job being 
done. A slide rest was mounted in 
a similar manner to that shown in 


the illustration. FREDERICK KRUG. 


Comerio Falls, 
Bayamon, Porto Rico. 


Some of the 
Details of How to Wind a Small 
Armature by Hand 


HERE are many small direct- — 
current motors which can be 
easily and cheaply rewound by hand. 
If formed coils can be purchased 
time can be saved by using. them, 
but where they cannot be secured in 
a short enough time, hand winding 
is preferable. Some factories also 
wind these armatures by machine 
but not all repair shops have them. 
This article will explain a method 
by which such armatures may be 
wound by hand. The simplest loop 
method of winding is employed and 
is suitable in most cases although 
where the end room is scarce it is 
sometimes necessary to use another 
type of hand winding, such as those 
described in the INDUSTRIAL ENGI- 
NEER for January and February, 
1922. This discussion will deal with 
one particular armature which was 
rewound some time ago, but the 
same principles may be used on any 
small armature. The armature in 
question had sixteen slots and a 32- 
bar commutator. It was originally 
form wound but the form winding 
was to be replaced by a hand winding. 
The armature was supported by the 
ends of the shaft and the wire bands 
for holding the coils in place were cut. 
Also the string band which held the 
leads down back of the commutator 
was removed. Then a good coil was 
selected to secure the data necessary 
for rewinding. Using a light chisel 
a mark was made on the side of each 
slot in which the coil lay. Following 
the leads of this coil down to the 
commutator, the bars to which the 
leads connected were marked. This 
armature had two commutator bars 
to each core slot and consequently 
had four leads coming out of each 
slot. Therefore all four leads were 
traced to the commutator. Two of 
these leads were on the surface while 
two others were covered with insula- 
tion. This was therefore cut away 
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and the position of the bottom leads 
was traced out. The four leads were 
found connected to three commuta- 
tor bars. The first bar was con- 
nected to the beginning of the first 
coil; the second bar was connected 
to the ending of the first coil and the 
beginning of the second coil, and the 
third bar was connected to the end- 
ing of the second coil. 

Sometimes the number of slots 
equals the number of bars in which 
case there would be only two leads 
from each slot. It is well to write 
down all data as it is taken from the 
armature. This can be kept and re- 
ferred to when the armature is being 
rewound. 

Next the top leads were pulled out 
of the commutator and the pitch of 
the coils was noted. Calling the 
slot which held one side of the coil 
No. 1, the other side was found to 
be in slot No. 9. Therefore the coil 
pitch was 1 and 9. Then the number 
of turns in several coils was counted 
and the wire size was measured. It 
was found that there were 22 turns 
in each coil and there were two coils 
in each slot, making 44 turns per 
slot. The wire was found to be 
0.040 in. in diameter or No. 18 B. & 
S. gage. 

The insulation was then cleaned 
from the core and the shaft. After 
the coils were removed the commu- 
tator was cleaned by passing a piece 
of hacksaw blade through the com- 
mutator slots or cups. The blade was 
ground thin to allow it to fit. A thin 
metal drift or other tool might be 
used for the purpose. The commu- 
tator was then tested for short cir- 
cuits. A good commutator should 
stand at least 300 volts alternating 
current between bars and less than 
110 volts should never be used for 
testing. If any short circuits are 
found they should be removed by 
scraping or digging between the 
bars. New pieces of mica should be 
forced in and held in place by shellac 
if any large holes are present in the 
insulation. Small holes can be filled 
with a mixture of litharge and gly- 
cerine mixed to a thick paste. This 
dries hard in a few hours and stays 
in place well. 

If the shorts cannot be removed 
it will be necessary to take the com- 
mutator apart and re-insulate it or 
to put on a new commutator. If such 
is the case, before removing the 
commutator a mark should be made 
on the core to corresnond to the 
marks on the commutator made be- 
fore the coil leads were removed. If 
the commutator is later put back in 
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another position the motor may not 
operate unless the brushes can be 
shifted enough to make up for the 
change. 

The commutator was then tested 
for grounds. The voltage used on 
this test should be at least 1,000 
volts. To save time in this test, a 
piece of bare wire was wrapped 
around the commutator so that it 
touched every bar. Then the test 
was made between this wire and the 
shaft. ; 

Next the shaft was insulated with 
about four turns of varnished cam- 
bric. Fiber insulation was put on 


of the commutator. All of this in- 
sulation was stuck in place with 
shellac. Varnish or insulating com- 
pound, but not glue, may be used for 
this purpose. 

Next the first two slots were insu- 
lated with 0.010-in. fishpaper. Some- 
times a layer of 0.009-in. fishpaper 
and a layer of 0.004-in. varnished 
cambric is used. The insulation was 
cut in strips so that the grain ran 
lengthwise of the slots. The strips 
were 14 in. longer than the slots and 
wide enough to project 1 in. out of 
the slots on each side. Slots No. 1 
and No. 9 were insulated for the first 
coil. 

The spool of No. 18 double-cotton 
wire was supported near the arma- 
ture so that it could turn freely as it 
unwound. The first turn was started 
in slot No. 1 allowing about 6 in. or 
8 in. to project from the front of the 
slot. Then the wire was brought 
down close to the back end of the 
core to slot No. 9, through it and 
back to slot No. 1. This was con- 
tinued until twenty-two turns were 
in place. Then the wire was doubled 
into a loop at the front end of slot 
No. 1. This loop was left about 6 
in. long. This loop formed the end- 
ing of the first coil and the begin- 
ning of the second. A piece of cot- 
ton sleeving was slipped over this 
loop which was then bent out of 
the way. 

It is good practice when placing 
two coils in a slot, as was done in 
this winding, to put a piece of insu- 
lating paper or varnished cambric 
over the first coil before putting in 
the second. Also in any hand wind- 
ing it is well to place strips of var- 
nished cambric underneath each coil 
before it is wound to insulate it from 
the preceding coils. 

The second coil of twenty-two 
turns was next wound in the same 
slots, Nos. 1 and 9. Then a loon was 
made at the end of slot No. 1. Sleev- 
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ing of a different color was slipped 
on this loop. The different color was 
used to distinguish this loop from 
the first loop. This was followed 


through the winding, the first loop 


in a slot having white sleeves and 
the second loop red sleeves. 

Now the first slot was full so the 
next coil (the third coil) was started 
in slots Nos. 2 and 10. This slot 
was filled in a similar manner and 
the process was repeated until all 
slots were filled. The end of the last 
coil was then twisted together with 
the beginning of the first coil and a 


red sleeve was put on. 
the ends of the core and the back 


The coil leads were next connected 
to- the commutator and the ends of 
the wire were cut off even with the 
front side of the risers. They were 
then soldered, using a small quan- 
tity of both flux and solder so that 
none would bridge from one bar to 
another or run down the back of 
the commutator. <A hot iron was 
employed and this was held on each 
bar until-the solder ran down to the 
bottom of the slot. | 

The insulating cells were cut off 
even with the top of the core and 
folded down in the slots on top of 
the coils. Then the banding wire 
was wrapped tight around the arma- 
ture and soldered. The coils should 
extend a slight distance above the 
top of the slot so that the banding 
wire will hold them rigidly in place. 
If there is some empty space in the 
slots it would be well to fill this with 
fiber or paper before banding. 

Next a band of cord was wound 
over the leads back of the commu- 
tator to hold them down. The arma- 
ture was then dipped in air-drying 
varnish and allowed to dry. It prob- 
ably would have been better to use 
baking varnish and to bake the ar- 
mature for about eight hours at 180 
deg. Fahr. | 

After this the commutator was 
turned, using a fine tool and taking 
a light cut, and finished with fine 
sandpaper. The commutator was 
examined for specks of copper be- 
tween the bars and these were re- 
moved when found. 

The armature was balanced by 
placing both ends of the shaft on 
smooth horizontal rails. A small 
unbalance was removed by adding 
solder to the bands on the lighter 
side. 

The last thing to be done was to 
test the armature for grounds with 
1,000 volts and for short circuits 
and oven circuits by means of a 
milli-voltmeter. H. B. P. 
Erie. Pa. ; 
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2 Effect of Specific 
Resistance and Hardness on the 
Choice of Carbon Brushes 

PECIFIC resistance, as applied 


to carbon brushes, is a term 
used to denote the actual resistance 


in ohms of a cube of the brush ma- 


terial whose sides are 1 in. long. 
While specific resistance has some 
bearing on the magnitude of short- 
circuit currents on the brush face, 
its main effect is to increase or re- 
duce short-circuit currents which 
might flow between the motor or 
generator brush studs of the same 
polarity, but of uneven spacing. 
Uniformity in resistance of the indi- 
vidual brushes on a machine is of 
greater importance than the actual 
value of that resistance, for inequali- 
ties throw an abnormal share of the 
load on the brushes of low resist- 
ance. Determining the specific re- 
sistance of the blocks of carbo or 
graphite, which are to be cut up into 
brushes, aids the manufacturer in 
keeping the product uniform. 

The outfit illustrated is used for 
determining the specific resistance 
of carbon blocks which are to be cut 
up into brushes. The drop-of-poten- 
tial method is used. A current of 10 
amp. is passed through the block of 


carbon and the potential drop over a 


section of it is measured by means 
of the milli-voltmeter shown at the 
right of the illustration of the 
brush testing bench. The current, 


which is supplied from a 6-volt gen-. 


erator or storage battery, is ad- 
justed by means of the rheostat at 
the top, on the right side of the ver- 
tical panel and its value read on the 
ammeter to the left of this rheostat. 
The terminal plates, between which 
the carbon piece to be tested is 
clamped, are seen in the center of 
the picture. These plates carry a 
number of spring-backed contact 
points insuring equalized current 
distribution over the ends of the 
carbon block. The milli-voltmeter 
terminals are two rows of similar 
spring-backed points bearing against 
the under side and across the full 


width of the carbon block under test. 


These may be seen between the main 
terminal plates in the illustration. 
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This slide rule is used for calculat- 
ing the specific resistance of car- 
bon blocks. 


After the milli-volt drop over the 
block and the width, thickness and 
length of the block in inches have 
been determined, the width is set on 
the top scale of the rule, the thick- 
ness on the top scale of the slide, and 
the milli-volt drop on the bottom 
scale of the slide. The specific re- 
sistance is then read at the bottom of 
the rule. 


One of these milli-voltmeter termi- 
nal strips is held in a T-slot and 
can be quickly placed at a distance 
of 1, 2, 3 or 4 in. from the other, as 
the size of the carbon plate may re- 
quire. . 

The specific resistance of a given 
block of material is equal to the 
product of the resistance of the 
block in ohms times the width, times 
the thickness of the block in inches, 
divided by the length of the block in 
inches. Rapid calculation of the car- 
bon resistance per inch cube is ac- 
complished by means of the special 
slide rule, which is shown in another 
illustration. The scale for brush 
width is on the upper portion of the 
rule; that for brush thickness is on 
the upper edge of the slide; that for 
milli-voltmeter readings on the lower 
edge of the slide. The lower edge of 
the rule carries three scales indicat- 
ing specific resistance directly for 
1, 2 and 3 in. milli-voltmeter termi- 


Test bench for determining hard- 
ness and specific resistance of car- 
ban blocks, which are to be cut 
into brushes. 


At the extreme left is shown the scler- 
oscope which is used for determining 
the hardness. The device in the cen- - 
ter holds the carbon block while a 
definite current is passed through it. 


5 
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nal centers. In testing several sam- 
ples of the same width and thickness 
it is necessary to make but one set- 
ting of the slide, when the specific 
resistance can be read directly below 
the milli-voltmeter reading for each 
sample without further manipula- 
tion of the rule. 

In carbon, graphite and carbon- 
graphite brushes the hardness of the 
brush is usually indicative of its 
strength. A hard brush is usually 
the strongest, but has a greater ten- 
dency to chip than a medium-hard 
brush. However, by the use of spe- 
cial processes of manufacture it is 
possible to make even the hardest 
brushes very tough. 

The hardness of a brush is deter- 
mined with a delicate instrument: 
called a scleroscope. This is shown 
at the extreme left of the illustra- 
tion of the test bench. In this in- 
strument, a steel weight having a 
diamond point falls from a constant 
height and then rebounds up a grad- 
uated scale, the height of the re- 
bound indicating the hardness. 
Sales Manager. L. J. KERLIN. 


Corliss Carbon Co., 
Bradford, Pa. 


Using Dynamite to Remove Small 
Locomotive Wheel Tires 


HOSE who have to re-tire loco- 

motive wheels know what a diff- 
cult job it is to heat the old tires 
enough to remove them from the 
wheels. When the tires are worn so 
badly that they cannot be turned or 
used again we find that the quickest 
and easiest method of removal is to 
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drill a hole in the tire from one side, 
allowing the drill to go within ½ in. 
‘or 34 in. of the other side, and shoot 
it off with dynamite. 

On electric locomotives the tires 
seem to become crystallized; so, al- 
though it is not absolutely neces- 
sary, better results can be obtained 
by the use of high-speed drills. We 
use a %-in. or 34-in. drill, depend- 
ing on the thickness of the tire. As 
large a drill as possible should be 
used. Using a portable electric drill 
about 15 min. are required to drill 
a tire. If the locomotive has solid 
wheels the hole may be drilled any- 
where around the tire; otherwise it 
is best to drill it over a spoke. 

Because of the hardness of the 
metal it is necessary to cool the 
drill; oil can be used for this pur- 
pose, but we find that a stream of 
water gives just as good or better 
results. 

After the hole is drilled we fill it 
with dynamite and place the cap on 
the outside, under a small handful 
of clay, which serves to hold the cap 
in place. When the charge has been 
shot it is only necessary to force in 
a tapered drift or punch which is 
slightly larger than the hole, in 
ofder to spread the tire, which 
can then be pulled off by hand. 

We operate forty-six locomotives, 
on which the average set of tires 
lasts about a year, and in changing 
dozens of tires we have not damaged 
a wheel. Also, by doing the job in 
this way we save over half of the 
time required to do the work by any 


other method. ELZA HERRMANN. 
Middleport, Ohio. 


— — 
Reconnecting Two-Phase Motor 
for Three-Phase 


TWO- PHASE motor which 
A could be reconnected for three 
phases was handled recently by our 
shop. This was rather a rare case 
as ordinarily such a change cannot 
be made while retaining the same 
horsepower and speed. Usually it 
is necessary to rewind the motor. 

In this case the motor had been 
bought as part of a second-hand 
motor-generator set. The motor was 
rated 60 hp., 220 volts, two-phase, 
60 cycles, 1,200 r. p. m., 79 amp. The 
purchaser did not notice that the 
motor was two-phase until the set 
was installed and ready to run at his 
plant. We were called in at this 
point to determine whether the mo- 
tor would have to be rewound or 
if it was possible to reconnect it to 
give full rating satisfactorily on 
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Old phase insulation was used winding the line current was 79 amp. 


when reconnecting motor. 


When the two-phase winding shown 
in the upper part of the drawing 
was reconnected for three phases, 
as shown in the lower part. only six 
coils had to be re-insulated as phase 
coils. The old phase insulation 
served in twelve cases. 


a three-phase, 220 volt power supply. 


Removing the end bells and rotor 
we found that the stator winding 
consisted of seventy-two coils, each 
having seven turns of one 0.070 x 
0.225-in. double-cotton-covered rib- 
bon wire, pitch l-and-9, and con- 
nected three- parallel with short 
jumpers. There were twelve groups 
of six coils in series per group. 

In checking’ the possibility of re- 
connecting, the series - connection 
volts per phase for the same wind- 
ing on three-phase, was figured first. 
This would be (0.955 0.905) X220 
x3xX2~+38, which equals 464.2 volts. 
In other words, if this motor were 
reconnected series-delta the three- 
phase line voltage would have to be 
464.2. A two-parallel delta connec- 
tion could be used and the voltage 
would be 464.2-—-2 or 232.1 volts. 

In the above formula the value 
0.955 is the distribution factor for 
three-phase and 0.905 is the corre- 
sponding two-phase factor; 220 is 
the two-phase line voltage; the first 
3 is the number of parallel paths or 
circuits; 2 is the number of phases 
originally, and 3 is the final number 
of phases. 

But the line voltage is 220 volts. 
Operating at 232.1 volts the horse- 
power would also be increased in 
the ratio of 0.955 to 0.905. There- 
fore the horsepower at 232.1 volts 
three-phase would be 63.3. Drop- 
ping down to 220 volts the horse- 
power would decrease as the square 
of the voltage. It would therefore 
be 57 hp. which is close enough to 
60 hp. to give satisfaction. 

By reconnecting the stator to two- 
parallel delta with eighteen groups 
of four coils in series per group the 
motor will operate as a normal three- 
phase motor at 60 hp. 

The current in the coils will be 
approximately the same as in the 
original winding. In the original 


As there were three parallel paths 
per phase each path carried (793) 
amp. For a three-phase motor of 
the same horsepower and voltage 
the line current equals (the two- 
phase current X 2)+1.73. There- 
fore under these conditions the line 
current would be (79 X 2) - 1.73, 
which equals 91.3. But the current 
in each leg of a delta-connected 
winding equals line current — 1.78. 
In this case it equals (7921.73) 
+1.73 which equals 7942-3. But 
as there are two parallel paths in 
each phase the current in each coil 
equals (79X2~+3)--2 which equals 
79-3. This is the same current as 
flowed with the coils connected two- 
phase. 

The current actually might differ 
slightly from this because (1) the 
distribution factor has been in- 
creased and (2) the motor is oper- ` 
ating slightly under voltage at 220 
volts. Increasing the distribution 
factor increases the efficiency in the 
same proportion and therefore the 
current at full load (60 hp.) at 232.1 
volts would be decreased as 0.905 is 
to 0.955. The current per coil would 
be (79 ~ 3) Xx (0.905 0.955) which 
equals 24.95 amp. But as the volt- 
age is less than 232.1 the motor will 
take more current for a load of 60 
hp. It is reasonable to say that if 
the load is held at 60 hp. while the 
voltage is dropped from 232.1 to 
220, the current will increase about 
in the proportion of 232.1 to 220. 
Therefore the current will be 
24.95 X23.21+220 which equals 26.8 
amp., which is the same as before the 
change. 

By removing all the jumpers and 
regrouping the winding as shown in 
the lower part of the accompanying 
drawing the extra phase insulation 
between groups was preserved in all 
except six places. This final group- 
ing resulted in only one phase coil 
between two groups, but this is suf- 
ficient for 220-volt operation. The 
six groups which required the addi- 
tion of phase insulation are indi- 
cated by the arrows in the drawing. 
Detroit, Mich. A. C. Roe. 
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Babbitt and Other 
Hanger Bearings 


(Continued from page 281) 


instead of a rigid support. This pre- 
vents breakage in case of misalign- 
ment. However, as a result, the 
shafting alignment is often neg- 
lected until the friction loss is heavy, 
in some cases using half of the full- 
load power consumption to drive the 
shaft alone. 


USE OF ROLLER AND BALL BEARINGS 
FOR POWER TRANSMISSION 


Several manufacturers of ball and 
roller bearings have adopted them 
for use in lineshaft hangers. In 
most cases the manufacturers have 
designed special bearings of differ- 
ent types, each adapted to fit into a 
standard type of shaft hanger and 
simply replace the bearings which 
had been used. This enables the 
change-over in an installation to be 
made at low cost. Of these, roller 
bearings are split and so are the 
easiest to install. Ball bearings must 
be slipped on over the end of the 
shaft and in cases where flanged 
couplings or solid pulleys are used, 
or where the shaft is cut and 
scratched by set screws, their instal- 
lation is more difficult. 

Where two sets of ball bearings 
ure used in each bearing box the 
bearing is ordinarily known as the 
dumbbell pattern because of its 
shape. These are made by the 
manufacturer in various types each 
with slight alterations of the outside 
casing so that they will fit in any 
of the standard types of shaft hang- 
ers. Where one set of self-aligning 
ball bearings is used, a special shaft 
hanger is used in connection with 
it as it would be more difficult to 
fasten this in to the ordinary two- or 
four-point adjustment hanger. 

The manufacturers of these vari- 
ous types of equipment show inter- 
esting figures as to the savings made 
by their installations. In addition to 
the decreased friction loss due to 


An installation of ball-bearing 
hangers in a light manufacturing 
plant. 


Some of the advantages claimed for 
ball bearings in power transmission 
lines are: Freedom from shut-downs 
and production losses, a decreased fric- 
tion loss, better lubrication and lower 
ma@Sntenance costs. 


the better types of bearings, an- 
other important advantage is that 
they require considerably less at- 
tention for oiling, as it is sufficient 
to inspect them and change the oil 
two to four times a year, whereas 
other types of bearings should re- 
ceive attention almost every day. As 
an occasional bearing is apt to be 
overlooked or neglected during the 
daily oiling operation, the ball- or 
roller-bearing types, due to the less 
frequent oiling periods, have an ad- 
vantage in this respect and are less 
likely to cause trouble from that 
cause. The savings which may be 
made in many cases depend to a 
large extent upon the condition in 
S a SS 
Ancther type of roller bearing for 
use in shaft hanger. 


This type of bearing is made with a 
single roller structure for use on line- 
and countershafts and with a double 
roller structure for heavy-duty bear- 
ing boxes, such as on main- or jack- 
shafts and with heavy belt pulls. These 
bearings are split and consist of three 
integral parts—the housing. the re- 
tainer and the high-carbon steel sleeve. 
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which the shaft was before the 
change was made. A shaft in very 
bad condition could be improved by 
re-aligning alone. 


Epitor’s Nore: Special acknowl- 
edgment is made to the following 
companies for assistance in furnishing 
information, data and illustrations for 
this and the other articles which ap- 
pear on this subject: Allis-Chalmers 
Mfg. Co., Milwaukee, Wis.; American 
Pulley Co., Philadelphia, Pa.; Bond 
Foundry & Machine Co., Manheim, Pa.; 
H. W. Caldwell & Son Co., Chicago, 
Ill.; W. E. Caldwell Co., Louisville, Ky.; 
Chicago Pulley & Shafting Co., Chi- 
cago, Ill.; Dodge Manufacturing Co., 
Mishawaka, Ind.; The Fafnir Bearing 
Co., New Britain, Conn.; Falls Clutch 
& Machinery Co., Cuyahoga Falls, 
Ohio; Gund Manufacturing Co., La 
Crosse, Wis.; The Hill Clutch and Foun- 
dry Co., Cleveland, Ohio; Hyatt Roller 
Bearing Co., Newark, N. J.; W. A. 
Jones Foundry & Machine Co., Chi- 
cago, Ill.; Link-Belt Co., Chicago, III.; 
Medart Co., St. Louis, Mo.; Midwest 
Steel & Supply Co., Inc., New York, 
N. Y.; Royersford Foundry & Machine 
Co., Philadelphia, Pa.; Winfield H. 
Smith, Buffalo, N. Y.; Standard Pressed 
Steel Co., Jenkinstown, Pa.; The Skayef 
Ball Rearing Co., New York, N. Y.; The 
Transmission Ball Bearing Co., Buffalo, 
N. Y.; Weller Manufacturing Co., Chi- 
cago, Ill.: T. B. Wood’s Sons Co., 
Chambersburg, Pa. 


Changing Housings 
for Ball Bearings 


(Continued from page 219) 


However, it seems there are still 
points worthy of improvement. I 
will outline those which have oc- 
curred to us. 


TROUBLES THAT MAY DEVELOP AND 
How THEY CAN BE CORRECTED 


Under the exceptionally severe 
hammering due to unbalanced load, 
the outer ball race may eventually 
wear into the cast-iron end bell. The 
exceptionally large oversize bear- 
ings and the cushioning effect of the 
grease packing have so far pre- 
vented this in our motors (three 
years’ service on the oldest one) but 
if this wear does take place, it will 
become more and more rapid as the 
clearance increases. In this casę I 
would suggest altering the design to 
clamp the outer race, somewhat as 
the inner race is clamped on the 
shaft on the end opposite to the pul- 
ley end, and a change from ball 
bearings to some type of roller bear- 
ings, such as the Hoffman which are 
manufactured in sizes interchange- 
able with standard ball bearings. 
Perhaps ball bearings would give 
satisfactory life with the other race 
clamped in one position, especially 
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considering the greatly oversized 
bearings which we have applied, but 
it seems to be the concensus of opin- 
ion based on experience, that outer 
ball races should be free while roller 
bearing races with their greatly in- 
creased area of contact may be sta- 
tionary if desired. 

As previously described we have 
incorporated a thoroughly effective 
method of taking the shock from the 
bearing when driving on a coupling 
or pinion. So far we pull our pin- 
ions off with a “screw and yoke” 
puller. However, this requires con- 
stant watchfulness and instruction 
of millwrights and electricians to 
avoid abuse of the ball bearings 
caused by removing the pinion by 
driving in a couple of cold chisels 
between the bearing housing and the 
coupling or pinion. This method of 
removing a pinion is rough, but 
quick and effective. Since a whole 
gang of men is idle when one ma- 
chine is out of service, time is a 
prime consideration. Actually we 
have removed couplings in this way. 
The oversize ball bearings stood the 
end thrust apparently without in- 
jury but this abuse of a plain radial 
type ball bearing is so flagrant that 
we do not recommend it for serious 
consideration. It would at first 
thought seem easy to apply, in a 
slightly modified form, the same de- 
sign to the pulley-end bearing that 
we are using at the opposite end to 
take the shock of driving a pinion 
on. Actually this is not so simple. 
It would scarcely be practicable to 
hold all the axial dimensions of the 
parts of the motor to such close lim- 
its that the whole assembly, includ- 
ing the oil-tight joint, would total 
within 0.002 in. to 0.004 in. Further- 
more the differences of expansion, as 
the motor warms up under load, be- 
tween the shaft and the stator and 
end bells are likely to exceed such a 
maximum. In our design these dif- 
ferences in axial dimensions of 
parts, different thickness of paper 
and shellac, grease-tight joint, dif- 
ference in expansion, and the like, 
are covered by a clearance of 0.125 
in. left at J, on pages 217 and 218. 

Now that we are equipped with 
patterns, gages and jigs for making 
the mechanical parts of these mo- 
tors, we have found several applica- 
tions where they are worth their 
necessarily high cost. In severe 
service on portable loading equip- 
ment in a coal storage yard at some 
distance from the main plant these 
sturdy motors which require greas- 
ing only once per year, reduce the 
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necessary trips of an oiler or motor 

inspector from one per day to one 

per month. In gear drive applica- 

tions requiring a metal pinion they 

behave admirably. pe 
— — 


Changing Single- 
Phase Motors 


(Continued from page 284) 


in the table on page 232 for the 
proper voltage and multiply it by 
0.57. Then multiply this answer by 
the circ. mil allowance given in Table 
I for the required horsepower rat- 
ing. In the case just figured (8.1 X 
.57 X 600) equals 4.617 X 600 or 
2,770.2, which is close enough. 

The next step is to find the coil 
pitch. This equals [1 and 1 + 
(48 + 4) X .8] equals (1 and 1 + 12 
x .8) equals 1 and 10.6, or 1-and-10. 

The method outlined above can be 
used in the same manner for two- 
phase machines. All unnecessary 
calculations have been eliminated, 
the purpose being to enable the av- 
erage electrician to develop a motor 
that will run and carry its rated load 
satisfactorily and with reasonable 
efficiency. 

The rotor can be used as it is, but 
see that all joints between end-rings 
and bars make good contact. The 
cutout switch used on the single- 
phase winding should be removed. 


Works of Eastman 
Kodak Company 


(Continued from page 215) 


for unloading and development. This 
routine originated the famous 
phrase: “You press the button, we 
do the rest.” This used a roll of 
paper film. In 1889 the present cel- 
lulose, transparent film base was 
realized. The kodak had created 
amateur photography for the world 
and the Eastman industry at Roches- 
ter was organized to take care of the 
demand created by its own inven- 
tions. 

But the industrial demands of the 
amateur were soon dwarfed by a 
new and unforeseen demand which 
had been created as a direct result 
of these film discoveries. Eastman’s 
achievements came at a time when 
Edison was in the midst of his mo- 
tion picture experiments. A trans- 
parent flexible film, combining good 
photographic quality with tensile 
strength was necessary to the suc- 
cess of the Edison invention. The 
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Eastman film filled the Edison need 
and motion pictures were made pos- 
sible. It was not, however, until 
1895 that motion picture film was 
sold for other than experimental 
purposes. Today 15,000 motion pic- 
ture houses in the United States re- 
quire from sixty million to one hun- 
dred million feet of motion picture 
film at every performance. 

In 1880, under the firm name of 
George Eastman, was begun the 
manufacture of dry plates. In 1891, 
a year or two after the kodak and 
film photography were born, a single 
building with 27,500 sq. ft. of floor 
space supplied the factory and office 
needs of the company. Today four 
large plants are maintained in Ro- 
chester alone, for the manufacture 
of various types of cameras, lenses, 
photographic papers and film. 

Kodak Park, the largest of these, 
is devoted exclusively to the manu- 
facture of film and other sensitized 
products. It is a tract of 230 acres 
situated in the northwesterly section 
of the city. The capacity of Kodak 
Park in motion picture film alone is 
approximately one hundred million 
feet per month or, roughly 225,000 
miles a year. About five million 
pounds of cotton are used annually 
in the manufacture of Eastman 
film, and for the sensitizing of East- 
man products over three tons of 
pure silver bullion, or one-twelfth of 
all the silver mined in the United 
States are consumed every week. 
The thousands of tons of acids per. 
month for nitrating this cotton and 
silver, are also manufactured at the 
Park, as are the raw papers, gela- 
tines, wood-paper and fibre boxes, 
cartons, tin containers, film spools 
and wood parts for cameras. 

The right arm of the photographic 
industry is the laboratory, and Ko- 
dak Park boasts one of the most 
completely equipped and best staffed 
laboratories in the industrial world. 
In addition to testing laboratories, 
X-ray rooms and studios, the build- 
ing is equipped with an independent 
plant for the manufacture of photo- 
graphic materia! on such a scale that 
the results can be practically applied 
in the manufacturing departments. 
Here are also made photographic 
materials for scientific work for 
which, of course, there is little or no 
commercial demand. 

In addition to Kodak Park, three 
other plants in the city and a sixteen- 
story office building are required for 
the various activities of the com- 
pany. One of these plants is devoted 
to the manufacture of kodaks and 
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“Brownies,” another to studio, pro- 
fessional, aerial and laboratory pho- 
tographic equipment, and still an- 
other to the manufacture of lenses. 
In addition to these, plants are 
maintained in Toronto, Canada; 
Harrow, England; Melbourne, Au- 
stralia; and distributing branches 
in all the more important countries. 


Improving Wiring 


Around Machinery 


(Continued from page 224) 


The National Electrical Code 
states that all wires larger than 
No. 6 gage should be stranded. How- 
ever, for industrial work it will be 
found preferable to have all wires 
stranded where there is a possibility 
of vibration. Quite a number. of 
large works use stranded wire ex- 
clusively for light and power wiring 
and use nothing smaller than No. 12 
for this service. Since varnished- 
cambric insulated wire has about 20 
per cent more carrying capacity 
than ‘trubber-covered, it is being 
widely used in locations that are 
permanently dry. In places where 
there is a possibility of dampness, 
rubber-covered wire should be used. 
In locations that are excessively hot, 
flame-proof, asbestos-covered or 
slow-burning insulated wire should 
be used, since rubber insulation will 
not withstand the effects of high 
temperature or oil. In a perma- 
nently damp or wet location a lead- 
sheath cable must be used. 

The value of inclosing various 
pieces of equipment has been 
pointed out both from the stand- 
point of safety and continuity of op- 
eration. One thing should be re- 
membered however about inclosing- 
cabinets. If they are used, they 
should be locked, for otherwise un- 
authorized persons will open them, 
or they will be left open, thus de- 
stroying their effectiveness. Lock- 
ing them also prevents the operator 
from using them as a convenient 
catch-all for lunch, clothing, tools or 
oily gloves. 

Wiring around machinery from 
the standpoints of convenience of 
operation, ease of construction, and 
cost will be discussed in a later issue. 

Epitor’s NoTE: Special acknowledg- 
ment is made to the Brunswick-Kroe- 
schell Co., Chicago, Ill., for some of the 
pictures which show the excellent wir- 
ing in its factory, and to C. V. Putnam 
of the Reliance Electric & Engineering 
Co., Cleveland, Ohio, for suggestions 


and assistance in obtaining many of 
the illustrations used. 
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Practical Books 


For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
fessional library. Copies of these books may be obtained from the 
publishers mentioned. 


The Story of Bakelite—By John Kim- 
berly Mumford. Published by Rob- 
ert L. Stillson Company, 461 Eighth 


Avenue, New York, N. Y., 80 pages, 
illustrated. 
This book tells in an interesting, 


rather than a scientific way, some of 
the story of the discovery, manufac- 
ture and application of Bakelite to the 
many and various applications in the 
arts and industries, in commerce and 


in warfare. 
* * * 


Principles of Alternating Currents—By 
Robert R. Lawrence, associate pro- 
fessor of electrical engineering, Mas- 
sachusetts Institute of Technology. 
Published by the McGraw-Hill Book 
Company, Inc., 370 Seventh Avenue, 
New York City. First edition, 432 
pages, price $4. 


This book was written to be used as 
a college textbook and treats the sub- 
ject in a thorough but theoretical and 
technical manner. 


* * * * 


Principles of Electric Motors and Con- 
trol By Gordon Fox, electrical en- 
gineer, Freyn, Brassert & Company, 
member A. I. S. E. E., member 
A. I. E. E. Published by McGraw- 
Hill Book Company, 370 Seventh 
Avenue, New Vork City, 492 pages, 
price, $3.50. 


In this book is given a clear practical 
treatment of the principles, construc- 
tion and performance of. electric 
motors and controllers for those inter- 
ested in the selection, application, pur- 
chase and operation of such equipment. 

Most existing texts dealing with elec- 
tric motors and controllers treat the 
subject primarily from the design view- 
point. This book tells the entire story 
of motor and control “equipment from 
the point of view of the user. The au- 
thor from his many years of experience 
as an electrical engineer in industrial 
fields, and especially from his close 
connection with the electrical side of 
the steel industry is particularly fit- 
ted to write on the subject from this 
viewpoint. 

Very simple, easy-to-understand ex- 
planations are given of the underlying 
principles governing the action of both 
d. c. and a. e. motors. The character- 
istics of each type of motor are ex- 
plained as well as the reasons for the 
differences in characteristics. The in- 
dustrial applications of each type of 
motor are shown in such a manner as 
to make easy an intelligent applica- 
tion of the different types to the job 
in hand. 

Controllers are treated in detail from 
the simple manual controller to the 
complicated crane hoist automatic con- 
trol using dynamic braking. Such top- 
ics as plugging, dynamic braking, 
regeneration and jam resistors are dis- 
cussed in detail. Ten pages are de- 


voted to the determination of the total 
amount and number of steps required 
for the starting and accelerating resist- 
ance of a motor. 

The book is profusely illustrated with 
pictures of the various kinds of equip- 
ment, diagrams showing how the ap- 
paratus works, curves giving the char- 
acteristics and complete connection 
diagrams showing how to connect up 
the various motors and controllers. Se- 
quence and simplified schematic dia- 
grams are also given for the more 
complicated automatic controllers, 
showing the sequence of contactors and 
the function of each in the operation of 
the controller as a unit. 

Three chapters that are of particular 
interest are those on the operation of 
motors in parallel and series, on the 
use of flywheels in the application of 
electric power, and on electric motor 


braking. 
x «„ * 


Mechanics of the Gasoline Engine By 
H. A. Huebotter, M. E., Member 
S. A. E. Published by McGraw-Hill 
Book Company, 370 Seventh avenue, 
9990 York City, 313 pages, price 


In this book the principles of the me- 
chanics of materials are applied to the 
solution of general problems of gaso- 
line engine design in such a way as to 
illustrate the procedure and simplify 
the work for specific cases. Represen- 
tative units of engines of various kinds 
are illustrated and in many cases an- 


alyzed. 
* * * * 


Pulverized and Colloidal Fuel By J. 
Y. Dunn, Consulting Chemist, New- 
castle-Upon-Tyne, England, pub- 
lished by The Van Nostrand Com- 
pany, 8 Warren Street, New York 
City. 193 pages illustrated, price $6. 


Reference is made in the introduc- 
tion of this book to the use of powdered 
fuel in America and in France and the 
statement made that England has been 
relatively slow in adopting it. The 
book contains a review of the use of 
powdered fuel, accompanied by descrip- 
tions of the different processes for pre- 
paring it and the general conditions 
surrounding combustion and furnace 
operation. Frequent reference is made 
to articles in the Journal of the Amer- 
ican Society of Mechanical Engineers, 
the Engineer and Engineering of Lon- 
don, the General Electric Review, Pro- 
ceedings of the Engineering Society of 
Pennsylvania and to other published 
literature on the subject. Credit is also 
given to the following companies for 
furnishing information: The Powdered 
Fuel Plant Company, the Fuller Engi- 
neering Company, the Raymond Bros. 
Engineering Company, the Sturtevant 
Engineering Company, the Underfeed 
Stoker Company, Messrs. Simon-Carves 
and to Lindon W. L. Bates on the sub- 
ject of colloidal fuel. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Lewellen Manufacturing Company, 


Columbus, Ind.—Bulletin 250 is a 
supplementary catalog covering the 
automatic and hand-operated remote 
control, Lewellen variable-speed 
transmission devices. Several instal- 
lations are illustrated and described. 


The .Obenchain-Boyer Company, Log- 


ansport, Ind.—A series of bulletins 
describes the several types of Boyer 
fire apparatus for industrial and 
small town fire protection. Some of 
the various pie 
lustrated and described are: 45-gal. 
single- and double-tank, portable, 
hand-drawn, chemical fire engines, 
and several types of complete fire 


apparatus with triple combination of 


pumping engine, chemical tank and 
hose equipment, together with lad- 
ders, lanterns and portable 2% gal. 
chemical extinguishers and other 
necessary apparatus mounted on 
Ford trucks and other chassis. 


Carr Fastener Company, Boston, 39, 


T 


Mass.—A bulletin entitled ‘Better 
Lubrication for All Machinery” il- 
lustrates the construction of the Dot 
high-pressure lubricator and its ap- 
plication to the lubrication of vari- 
ous types of machinery. With this, 


grease or oil are forced into a bear-. 


ing under high pressure created by 
screwing down on a cylinder. 

he Republic Rubber Corp., Youngs- 
town, Ohio.—A 32-page booklet shows 
a number of installations of Republic 
rubber- and friction-surfaced canvas 
belts for conveyor and power trans- 
mission purposes. Some of the top- 
ics discussed are: Points to be con- 
sidered in the purchase of conveyor 
belting, care of conveyor belts. oil- 
well belts, elevator belting, splicing 
belts, condition and care of belting, 
and rules for making belting calcula- 
tions. 


The Thompson Electric Company, 226 


St. Clair Avenue, Cleveland, Ohio— 
A small folder entitled, “The Lamp- 
Cleaner’s Helper,” describes the dis- 
connecting hanger of the underslung 
model which is used to lower over- 
head lamps so that they may be 
cleaned easily, and more frequently. 


Eldredge Solenoid Manufacturing Com- 


T 


pany, Springfield, Mass.—A new bul- 
letin describes the Eldredge solenoid 
relays which are used for automatic- 
ally controlling and lighting safety 
trafic lamps from the main power 
station simultaneously with the series 
street lights. 


he William Cramp and Sons Ship 
and Engine Building Company, Phila- 
delphia, Pa.—Folders describe 
Cramp's babbitt metals which are 
made in several grades of tin-base 
babbitts. Other folders describe 
cored bars for bushings which are 
furnished either in Parson’s white 
brass or in Cramp’s special bearing 
bronze. ' 


s of equipment il-. 


DeLaval 


H. C. Grohn and Sons, 


Chicago Belting Company, 110 North 


Green Street, Chicago, Ill.. Every in- 
dustrial man having supervision of 
the installation and maintenance of 
the factory belting will find the 32- 
page booklet, “Making Leather Belts 
Endless,” very useful in suggesting 
what the belt manufacturer has 
found the most satisfactory method 
of cementing the ends of the belt on 
the job instead of lacing. This con- 
tains not only a description and list 
of the tools and material required for 
this work but also shows by repro- 
ductions of photographs and sketches 
exactly how these tools are to be 
used. In describing the various ce- 
ments, as with the tools, particular 
stress is laid on when, where and 
how each is to be used. 


Westinghouse Electric and Manufac- 


turing Company, East Pittsburgh, 


Pa.—A small booklet entitled Elec- 


tric Heat” takes up industrial appli- 
cations of electric heat and shows 
how it has been applied in an auto- 
mobile factory, for japanning, for 
preventing water tanks from freez- 
ing, for core baking ovens, and as 
space heaters. This is issued as a 
serial publication occasionally and 
anyone desiring it may be put on the 
mailing list. 

Steam Turbine Company, 
Trenton, N. J.—Catalog D describes 
the construction and operation of 
centrifugal pumps and shows a num- 
ber of their uses. A pamphlet en- 
titled “Tests on Motor- Driven 
Pumps” shows the results of several 
tests made on motor-driven centri- 
fugal pumps in different locations 
and under various operating condi- 
tions. 


New Departure Manufacturing Com- 


pany, Bristol, Conn.—A number of 
bulletins on New Departure ball 
bearings and their universal applica- 
tion which contain special engineer- 
ing information are issued at fre- 
quent intervals to show practical 
mountings for New Departure ball 
bearings and to aid in securing cor- 
rect installations, operating efficiency 
and economical service. A recent 
bul'etin, for example, No. 13-FE, is 
entitled “Ball Bearing Mounting 
Practice.” 


Buffalo Wire Works Company, 316-332 


Terrance Avenue, Buffalo, N. Y 

Folder 68 illustrates the various wire 
and sheet-metal lockers manufac- 
tured for use in factories, schools and 
other places having large numbers 
of employees. 


6248 South 
Sangamon Street, Chicago, III.—Lit- 
erature describes the “Grohn Electro 
Heatometer” which is an open-circuit 
signal system to automatically reg- 
ister on an annunciator or by the 
ringing of a bell, any rise in tem- 
perature above a desired point. The 
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instrument has a wide range of ad- 
justment, ranging from 0 to 1,800 
degrees and can be applied to indi- 
cate heating in bearings, over-heat- 
ing of motors or generators, heating 
in coal piles or in closed rooms where 
perishable material or explosives are 
stored, and for indicating the maxi- 
mum permissible temperature in dry 
kilns, bake ovens, or other processing 
operations. 


The Martindale Electric Company, 


11709 Detroit Avenue, Cleveland, 
Ohio—A folder entitled “Imperial” 
commutator stones gives directions 
for ordering, standard sizes, the ten 
“Imperial” commandments, advan- 
tages of using “Imperial” commuta- 
tor stones and directions for using 
“Imperial” commutator stones. 


Truscon Steel Company, Detroit, Mich. 


—The “Truscon metal lath data 
book” gives specifications, details, 
tables and practical information on 
Trucson “Hy-Rib” metal lath and 
shows how it can be used for parti- 
tions, ceilings and walls, roofs and 
floors for new construction and addi- 
tions to industrial buildings. 


Acme Electric Heating Company, 1217 


Washington Street, Boston, Mass.— 
The Acme melting ladle is used to 
keep babbitt, tin, lead, solder and 
other similar metals in liquid state 
by a non-oxidizing electric heating 
unit built into the ladle. The unit is 
portable and is connected by a de- 
tachable three-heat plug. The ladle 
is mounted with right and left-hand 
pouring spouts. 


American Pipe Bending Machine Com- 


pany, 3739 Pearl Street, Boston, 
Mass.—A group of circulars de- 
scribes the use of the Wonder pipe, 
tubing, and solid-bar benders which 
are used for bending pipe or bars 
cold. The hand-operated machine 
will bend pipe from the smaller sizes 
up to about 4 in., while the motor- 
operated machines will handle pipe 
up to 8 in. in diameter. Some of 
these sizes will bend cold bars up to 
3 in. in diameter. These machines 
will bend the pipe cold to a right 
angle bend in either standard weight 
or thin-gaged material without 
crushing or weakening. Circulars 
show what sizes of pipe may be 
handled by each of the models and 
ses the radius to which they may be 
ent. 


Glow-Brite Company, 1006 Rockefeller 


Building, Cleveland, Ohio—A circu- 
lar describes the use of Glow-Brite, 
which is a special preparation for 
cleaning skylights and side windows. 
It is claimed that it will remove the 
oldest and hardest accumulations of 
dirt, grime, carbon or rust scale with- 
out injury to paint, putty or sash. 


Corporation, Turner 
Street, Utica, N. Y.—A sixteen-page 
booklet entitled, “The Essentials of 
Self-Protection Against Fire,” dis- 
cusses the various classes of fires 
and the types of extinguishers and 
shows by a table the various charac- 
teristics of different types of fire ex- 
tinguishers and the solutions which 
they contain. This table discusses 
the use of foam, soda-and-acid, anti- 
freezing (calcium-chloride), and tet- 
rachloride fire extinguishers and 
shows to which type of fire each is 
best adapted. 
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N 1913 the Marion Steam Shovel Company, Marion, Ohio, in- 

stalled a Monitor Automatic Controller for the table drive of a 

60-in. x 60 in. x 144· in. G. A. Gray reversing planer. During the 

~ (fies 7 a l J aa ten years that this controller has been in use it has given complete 

i 7 i 6, 1 2 f satisfaction and is still good for many more years of service. Similar 

S = > satisfactory service has been received from 5 other Monitor-con- 
trolled planer installations in this plant. 

The controller for the G. A. Gray reversing planer referred to, is 
equipped with two complete starters, each having its own accelerat- 
ing units which are of the differential lockout type. Reversal of the 
planer bed when it reaches its limits of travel is accomplished through 
table switches which cause the 30-hp., 550-volt, direct-current 
Triumph driving motor to be stopped automatically, started in the re- 
verse direction and brought up to speed in the shortest possible time. 

| The application of Monitor Automatic Control to machine tools of 
, all kinds has contributed much to the output of machines thus equip- 
— . ped in both quantity and quality of production. This is accomplished 
) 
| 


the job 


a. 


by the controller relieving the operator from all the details of proper 
starting and control and by simplifying the working processes so as to 
allow the operator to keep his attention on the factors that most vital- 
ly affect his work. Monitor Automatic Control provides for starting, 
stopping and speed changes in accordance with a pre-determined 
: : program worked out by experts and requires not one bit of thought 
IA A on the part of the operator. 
f Get the maximum production out of your motor-driven machines, 
insure a more uniformly accurate product and protect your expen- 
sive machine-tool and motor equipment from damage due to im- 
proper operation by installing Monitor Automatic control. 

Starters and controllers made up of standardized unit parts and 
elements can be quickly obtained to meet any standard or special 
conditions encountered in the operation of all kinds of machinery 
driven by either direct or alternating-current motors. Just put your 
problem up to Monitor. 


MonitorController Company 


500 East Lombard St., Baltimore, Maryland 


New York Chicago Philadelphia Cincinnati Birmingham Pittsburgh 
Cleveland Boston Buffalo St. Louis Detroit New Orleans 


Monitor Automatic Controller installed on G. A. 
Gray reversing planer in the plant of the Marion 
Steam Shovel Company in 1913. The controller 
is still good for many more years of service. 
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ALLIS-CHALMERS 


Type “AR” Motors 


are on the Job 


When you have a difficult job; a variable power require- 
ment on a group drive under adverse plant conditions, or 
some other motor need that calls for sturdy, dependable 
service in rough going, you are safe if you get an Allis- 
Chalmers Type AR“ Motor on the job. 


Years of motor building experience are reflected in the 
design and construction of the “AR” Motor. It is offered 
with the assurance that it has distinct advantages for industrial 
applications; built in capacities ranging from 34 to 200 H. P. 


Send for Bulletin. 
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Number 6 


Do They Read It? 
Well—Judge for Yourself 


This Is a Copy of Our Paper That 
Has Gone the Rounds in the Plant of 
the American Rolling Mill Company 


HILE I count only as one on the staff of men who 

are trying to make this paper the best of its kind— 
I’m telling you right here that I am proud of this photo- 
graph, and it means a lot to me. It’s a copy of an issue 
that has gone the rounds in the plant of the American Roll- 
ing Mill Company and is one of twenty-one others that 
have traveled the same course. Every page looks just as 
bad as the cover; torn up, thumb marked, and penciled here 
and there. These are the kinds of marks I understand for I 
know the thinking of men who carry a hunk of waste for a 
handkerchief and leave the mark of honest toil on white 
paper; men who have a job that bluff and inexperience can- 
not hold and that calls for head-scratching, arguments and 
sometimes disputes as to the best, quickest and cheapest 
way of doing things. While these men know what they are 
doing they are always glad to find a better way. Such men 
are the backbone of quality in American products and I 
feel proud of having traveled their road; when I have an 
opportunity to shake their greasy hands and talk to them, 
I’m right back home. 

But this is a little off the point I want to make here. All 
practical papers that get down deep into the details of the 
work of men who are doing things are read, studied and kept 
for reference. But some are read more than others when 
the management of the works finds a way to make sure that 
the operating brains of their plants have a chance to see 
those papers that deal with the operating problems that are 
the everyday problems in the plant. 

Such a plan has been formed by the American Rolling 
Mill Company and they have a reading table where their 
men can see all papers they are interested in, and after 
these papers have been on that table one week any particu- 
lar one will be sent to the man for his own use if he will 
indicate a desire to see it. This is a good idea and it works, 
for the company advises that practical papers are now cir- 
culating among nearly 200 key men in its plants at Middle- 
town, Ohio, Zanesville, Ohio and Ashland, Ky., and that 
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several subscriptions are necessary 
to get them around before they are 
out of date. | 

It may be that you know of some 
other plan like this or an improve- 
ment on it. If so, drop me a line 
explaining your scheme so that we can pass it along and let 
others benefit thereby. 

For INDUSTRIAL ENGINEER I can say that it's your paper in 
every sense and you can help us to make it just what you 
like to have it by your suggestions and requests for the 
information that you need most. But it’s the discussions 
on material published and suggestions for additional data 
or facts that we like best for then we know that you read 
it—not just thumb it through—and we feel that we have 
a part in the job you are doing. 


(No OG 


262 


„„ „ mers 5 — 4 
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Works of The Winchester-Simmons Company 


Which has added the manufacture of high-grade cutlery, tools and fishing tackle to its line of arms and ammunition, to 
utilize additional factory space erected to take care of demands for war production. 


8 IDEA of the extent of the 
manufacturing operations at the 
Winchester plant may be obtained 
from the diversity of its power 
equipment. The power plant is one 
of the largest industrial power 
plants in New England. In this 
plant is generated all of the elec- 
trical energy used in the factory for 
power, light and tempering. 

The gas plant alone manufactures 
600,000,000 cu. ft. of water gas and 
1,700,000,000 cu. ft. of producer gas 
annually. This gas is used as fuel 
for generating over 9,000 hp. and, in 
addition, for annealing at the rolling 
mills and in the auger bit shop and 
as fuel in the heat-treating shop. 
Over 100,000 tons of coal are used 
each year to fire the 7,500-hp. boilers 
and for the manufacture of producer 
gas. The gas and steam plant has a 
capacity of 16,375 hp. 

The manufacture of arms and am- 
munition, which is the product of 
the Winchester Repeating Arms 
Company, a subsidiary of The Win- 
chester-Simmons Company, repre- 
sents two widely separated lines of 
manufacture, but each requires a 
high degree of accuracy and skill. 
The value of these produced in 1923 
was $25,000,000, practically all of 
which was used for sporting pur- 
poses. A repeating rifle or shotgun 
contains in addition to the carefully 
forged, bored and straightened bar- 
rel the intricate operating mechan- 
ism to load and eject the ammuni- 
tion. All of this requires highly 
skilled handwork in its manufacture. 
This equipment must be reliable, as 


This concrete structure is devoted 
exclusively to the manufacture of 
lead shot. 


All materials are mixed and melted ac- 
cording to special formula at the top of 
the tower, nearly 225 ft. high. The 
molten metal is poured through a 
screen and after a drop of 190 ft., dur- 
ing which the pellets have been formed, 
the shot lands in a tank of water, is 
cooled and then cleaned and scoured. 
The shot is then automatically carried 
to selecting machines where the pellets 
are cascaded over a series of thirteen 
inclined glass plates which eliminate 
those having slight irregularities of 
size, finish or shape. 


a sportsman’s life may sometimes 


depend upon it. For this reason a 
gun often becomes very personal to 
its user. 

The Winchester Repeating Arms 
Company, which was the parent or- 
ganization, was organized in 1866 
with eighteen employees. This was 
a reorganization of The Volcanic 
Arms Company, established in 1855, 
which was in 1856 reorganized as the 


New Haven Arms Company. When 
the United States entered the World 
War, the force had grown to 6,000 
employees and the plant occupied 
sixty acres. During the World War 
the Winchester plant was easily 
turned into war production and as 
the organization was skilled in this 
work, both plant and equipment were 
expanded to provide increased pro- 
duction. At the signing of the arm- 
istice, about 22,000 employees were 
operating 21,000 machines driven by 
2,000 motors and were producing 
2,500 military rifles and 2,000,000 
cartridges daily in addition to the 
large number of bayonets, cannon 
primers and other war equipment, 
including Browning machine guns 
and rifles. 

To use the extra plant and equip- 
ment it was decided to begin the 
manufacture of a line of cutlery and 
tools which, like arms, would have 
a strong personal appeal as they 
would be actually used by the pur- 
chaser. In addition, many of the 
manufacturing operations—forging, 
grinding, tempering and others—are 


required in both lines of production. 


The present plant at New Haven, 
Conn., is devoted to the manufac- 
ture of arms, ammunition and some 
of the new hardware. 


The original Winchester factory em- 
ployed eighteen men. The present fac- 
tory covers eighty-one acres of ground, 
and contains 3,500,000 sq. ft. of factory 
floor space. Over 22,000 were em- 
ployed during the World War in the 
manufacture of arms and ammunition. 
At the signing of the armistice part 
of this space was turned over to the 
manufacture of cutlery, tools, 9 
tackle, flashlights and batteries an 
other similar hardware. 
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Steps in the manufacture of knives 
and of cartridges. 


The semi-automatic machines (above) 
are used for wet grinding of knife 
blades. In addition, the knives are 
dry-ground and polished. With the ex- 
ception of steel, all of the products 
used in the manufacture of the various 
lines of sporting goods and hardware 
supplied by this company, are pro- 
cessed from the raw materials in its 
own shop. For this, it has a modern 
rolling mill (upper right) which is 
used to roll down the ingots of nickel, 
copper and zinc, after these materials 
are mixed according to the specific 
formula and cast in strips for rolling. 
These products are used in the manu- 
facture of cartridges, fishing tackle, 
pocket-knife lining, reels and other 
products. The illustration at the right 
shows the pneumatic tube for trans- 
porting powder from storage to the 
cartridge loading room. 


Also, a flashlight battery, for ex- 
ample, requires a drawn zinc tube— 
an operation similar to the drawing 
of brass cartridge shells. Present day 
production requires about 1,500 tons 
of copper, 5,000 tons of steel and 
8,500 tons of lead in addition to large 
quantities of zinc and nickel yearly. 

To get distribution, the Simmons 
Hardware Company was co-ordi- 
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nated in the organization. The Win- 
chester-Simmons Company is selling 
its new product exclusively to a 
group of about 6,000 hardware 
stores in the United States. Other 
lines, such as builders’ and other 
miscellaneous ordinary hardware re- 
quired, are purchased. The addition 
of this new line of hardware, such as 
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cutlery, tools, fishing tackle and the 
like, has added fifty-three different 
lines of merchandise, including over 
2,000 new items which contain more 
than 22,000 different components 
and require hundreds of thousands 
of fixtures, tools and gages for their 
manufacture. The extent of the 
tool department which manufactures 
all the tools, fixtures and gages used 
in the manufacture of these various 
products, indicates one of the big 
problems in adding a new line to an 
industry. The tool department oc- 
cupies 75,000 sq. ft. and employs 
over 1,000 mechanics. The most im- 
portant and the most accurate, of 
course, are the tools and gages re- 
quired in the manufacture of gun 
parts. 

The plant has a good record for 
continuity of service as over 3,500 
employees have a record of over five 
years service and of these about 300 
have been with the company over 
twenty-five years. 


formed. 


as shown in the 


that it will work 


A few examples of the varieties of work in the manu- 
facture of guns at the New Haven plant. 


In the forge and hammer shop (left) the guns, rifles, axes, 
hatchets, knives, scissors, chisels and other forged tools are 
While some of the hardware equipment can be 
ground or machined to a finish, many of the parts in gun and 
rifle manufacture must be carefully filed to shape by hand 
illustration below. 
work as each part must be absolutely accurate or made so 
perfectly. 
straightening of the rifle barrel, (lower left), as accuracy in 
shooting depends upon it. 


This is slow, careful 


Another important step is the 
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This improved design of sleeve bear- 
ing with leakproof devices to prevent 
escape of oil at high speeds, was de- 
scribed in an article in the March is- 
sue. In that article the improvements 
which have been made in sleeve bear- 
ings, with their advantages and point- 
ers on their maintenance and care, 
were described. 


Viewpoints of 
Manufacturers on 


Possible Improvements in 


How these roller bearings were in- 
stalled in mill-type motors was de- 
scribed in an article in the April is- 
sue. The advantages resulting from 
the use of roller bearings and the 
troubles eliminated by using them in 
place of the sleeve bearings originally 
furnished with the motors, were set 
forth in detail. 


Bearing Service 


And the Things to Consider in Connection with 
the Use of Sleeve, Ball and Roller Designs Under 
Varying Conditions in Mill and Factory Operation 


By G. A. VAN BRUNT 
Managing Editor, Industrial Engineer. 


OR MANY YEARS, plain or 
Pi steer bearings were the only 

type in use and they have 
served their purpose well. However, 
with the development of modern, 
high-speed equipment and a more in- 
sistent demand that friction and 
other power losses be cut to a mini- 
mum, the attention of engineers and 
designers was directed to the prob- 
lem of designing a form of bearing 
which would be superior in most, if 
not all, respects to the plain bearing. 
In particular it was desired to pro- 
duce a bearing in which friction was 
reduced to the lowest possible value. 
That the problem is not new is evi- 
denced by the fact that patents cov- 
ering ball bearings were taken out 
upwards of sixty years ago. These 
bearings were crude compared to 
those of present-day design and are 
of theoretical rather than practical 
interest. The widespread, commer- 


cial use of anti-friction bearings has 
come about within the past twenty- 
five years, roughly. 


INSPECTION AND CARE 
of bearings is an important 
feature of every maintenance 
crew's job. In some classes 
of service, for example, in 
cement mills, bearings prob- 
ably receive more attention 
than any other mechanical, 
or electrical, element of the 
equipment used. Improve- 
ments in bearing service from 
the standpoint of reduced 
maintenance cost and in- 
crease in length of life under 
severe operating conditions 
are a matter of everyday in- 
terest to all operating men. 
In this article details are 
given showing what bearing 
manufacturers are doing to 
help in solving this problem. 


The use of ball bearings mounted in 
dustproof housings, to eliminate the 
troubles encountered with sleeve bear- 
ings in motors operating in a foun- 
dry, was described in an article in 
the May issue. In that article com- 
plete details of the design of the 
housing and the method of installing 
the bearings were given. 


The most severe of all tests, the 
test of service, has weeded out vari- 
ous imperfect designs so that at the 
present time there are two broad 
types of anti-friction bearings in 
general use: ball bearings and roller 
bearings. The various designs of 
ball and roller bearings with direc- 
tions for their installation were de- 
scribed in the September 1922 issue 
of INDUSTRIAL ENGINEER. When 
properly applied, both of these 
classes of bearings have given good 
service. 

A great deal of development work 
has also been done on plain bearings, 
both in the way of improving the 
qualities of the metal from which 
the bearings are made and in im- 
provements in the design of the 
bearing and its housing. 

The user of bearings has, there- 
fore, three types of bearings to 
choose from: plain, ball and roller 
bearings. In order to present to the 
readers of INDUSTRIAL ENGINEER the 
advantages and possibilities of each 
of these types of bearings from the 
standpoint of meeting the wide 
range of service conditions in indus- 
trial work, these points have been 
discussed in articles that have ap- 
peared in recent issues. For ex- 
ample, in the March issue, R. Pruger 
discussed some of the troubles which 
have been experienced with sleeve 
bearings and showed how these have 
been minimized or entirely overcome 
by correct design of the bearing and 
by proper oiling and care. In his 
conclusion, he pointed out that 
when correct principles are applied 
to the design of sleeve bearings, 
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with high standards of manufacture 
and maintenance, these bearings pos- 
sess many advantages from the 
standpoint. of economy. 

In the April issue, L. J. Hess out- 
lined his experience in the applica- 
tion and operation of 300 sets of 
roller bearings on mill-type motors 
in steel mill service. After the suc- 
cessful solution of certain mechani- 
cal problems involved in the instal- 
lation of roller bearings in sleeve- 
bearing motors his experience 
showed that roller bearings possess 
the following advantages: 

(1) Electrical repairs to commu- 
tators and windings are greatly re- 
duced because at least 50 per cent 
of these troubles start from oil and 
grease working their way onto the 
commutator and front V-ring. With 
roller bearings the grease is entirely 
confined within the bearing shell. 
(2) Commutator wear is materially 
reduced because there is no jumping 
of the armature due to loose bear- 
ings with its tendency to cause flash- 
ing and consequent fiat spots. The 
shafts are longer lived because the 
only wear on them is in the keyways. 
(3) The fact that the armature is 
held constantly in the center of the 
magnetic field helps to make the cur- 
rent distribution uniform, thereby 
relieving the equalizer connections 
of abnormal duty. (4) Broken bands 
due to rubbing are unknown. (5) 
Pinions are kept accurately in mesh 
and crowding of the teeth with con- 
stant strain and vibration is elim- 
inated. (6) Expense of inspection 
is somewhat reduced due to better 
commutation, and less attention is 
required for lubrication. (7) The 
cost of lubricants is reduced to an 
almost negligible figure as the bear- 
ings consume practically no grease. 
(8) Because of the reduction in re- 
pairs it follows that not only are 
labor and loss of time in the mills 
during armature changes reduced, 
but also the delay time charged 
against the electricians. 

Robert W. Drake in the May is- 
sue showed how relief from serious 
bearing trouble was sought and 
found in the application of ball bear- 
ings in small motors. These motors 
operated molding machines in a 
foundry and were subjected to ex- 
cessive amounts of sand and grit. 
Under these circumstances the 
sleeve bearings with which these mo- 
tors were equipped had an average 
life of six weeks, although many 
failed in a week or less. The loss 
in production delays and the cost of 
frequent replacements of bearings 
were intolerably high and after a 
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good deal of experimenting ball 
bearings enclosed in a dustproof 
housing were installed in a total of 
about forty motors, with very satis- 
factory results. There have been no 
bearing failures and little or no 
maintenance expense. Some of these 
bearings have run for three years 
without regreasing. 

Under proper conditions sleeve, 
roller or ball bearings will give sat- 
isfactory service. The selection of 
the type of bearing to be used for a 
given application must be predicated 
on a careful study of the service con- 
ditions and requirements of the 
drive in question. Compared with 
the others, each of these types of 
bearings has advantages and disad- 
vantages. From the standpoint of 
their application to motors, the ad- 
vantages and disadvantages of the 
anti-friction bearings were summar- 
ized as follows by A. M. Mac- 
Cutcheon in a paper presented be- 
fore the Association of Iron and 
Steel Electrical Engineers: 


ADVANTAGES 


(1) Absence of oil. By various 
steel mill electrical engineers, it has 
been estimated that the presence of 
oil is responsible for 60 to 90 per 
cent of their motor troubles, causing 
injury to the insulation, shorting of 
commutator bars, gumming of com- 
mutators, causing collection of dust 
and a general unsightly condition. 
The lubricant is more easily retained 
in a ball or roller bearing than in a 
sleeve bearing. 

(2) Reduction in maintenance 
cost. Much less frequent attention 
need be given to the lubrication of 
a ball or roller bearing. The weight 
of the evidence received from the 
users of anti-friction bearing motors 
is to the effect that failure of bear- 
ings is very much less frequent than 
on oil-ring bearing motors. 

(3) Reduced wear of the bearing, 
resulting in much less frequent re- 
newal of the bearings due to the low- 
ering of the rotor and the conse- 
quent decreased air gap at the 
bottom. This consideration is of par- 
ticular importance on induction mo- 
tors with their small air gaps. 

(4) Increased efficiency. A record 
was presented of a test on a 3-hp., 
1,500-r.p.m. induction motor. Three 
motors were used, one equipped with 
ring-oiler bearings, another with 
waste-packed bearings and a third 
with ball bearings. The test showed 
the following efficiency: 

Ring-oiling bearings ..811!4 per cent 
Waste packed ........ 801% per cent 
Ball bearing 84 percent 
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(5) A considerably decreased 
torque is necessary at starting. In 
the case of an oil-ring bearing, suffi- 
cient torque must be applied to break 
the contact of the shaft on the bear- 
ing metal before the oil film is es- 
tablished. 

(6) Anti-friction bearings make 
possible a considerable reduction in 
the overall length and in the weight 
of the end housing. Babbitted bear- 
ings are usually designed with the 
bearing length two and one-half or 
three times the diameter of the shaft, 
whereas the length of the ball bear- 
ings is usually not over one-third of 
the shaft diameter. A ball bearing 
manufacturer has advised that a tab- 
ulation of standard motor sizes 
proved that the overall length can 
be reduced on an average of 15 to 
20 per cent by using ball bearings. 

(7) The information received 
from the railroads, the Government 
and the steel mills which have exper- 
imented with anti-friction bearings, 
indicates that these bearings have 
been successful and this experience 
should certainly be classed as a 
strong argument for the use of such 
bearings. 


DISADVANTAGES 


(1) Cost. The first cost of the 
motor will be greater and two lines 
of motors will have to be manufac- 
tured as long as the users of motors 
are not unanimous in their opinion. 
If the user changes to the anti-fric- 
tion type of bearing, it will be nec- 
essary for him to carry two lines of 
spares until all of the oil-ring bear- 
ing motors have worn out or been 
replaced. 

(2) Difficulty in making replace- 
ments. It does not seem that it will 
ever be possible to replace a ball 
bearing as easily as an oil-ring bear- 
ing. To secure proper operation, it 
is necessary that the inner race be 
tight on the shaft, which prevents 
its easy removal. For steel mill op- 
eration, it may be necessary to carry 
complete armature with bearings as- 
sembled. This would certainly not 
be justified unless the reduction in 
the number of bearing troubles more 
than compensated for this extra ex- 
pense. 

(3) The care which is necessary 
in successfully mounting anti-fric- 
tion bearings and assembling the ar- 
mature in the frame. The oil-ring 
type of bearing does not require the 
careful assembly needful with an 
anti-friction bearing. 

(4) It is essential to very care- 
fully protect anti-friction bearings 
in handling and installation. This is 
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readily recognized as a disadvantage 
in the steel plants. 

(5) The workman in the steel mill 
is unfamiliar with the mounting of 
anti-friction bearings and the as- 
sembly of such motors. This must 
be charged up as a disadvantage 
until such time as the average 
worker becomes sufficiently familiar 
with this type of motor to be able 
to disassemble it without any diffi- 
culty or detailed instruction. 

(6) In cases of armature ground- 
ing, current may pass through the 
balls or rollers and the races, caus- 
ing pitting; in extreme cases, actu- 
ally fusing race to balls or rolls. 

(7) Under emergency conditions 
where a spare bearing is not avail- 
able, the oil-ring type of bearing 
may be babbitted or cast by any 
reasonably good workman. This is 
not true of the anti-friction type. 


Comments That Have Been Received 
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(8) The strongest argument 
against the use of anti-friction bear- 
ings or any other device is the fact 
that it has not been thoroughly 
proven under actual operating condi- 
tions. Whether or not the anti-fric- 
tion bearing will stand up as well as 
oil-ring bearings under shock and 
unusual load conditions, has not yet 
been conclusively demonstrated. Un- 
til the case for the anti-friction bear- 
ings has been firmly established, 
they must be recognized as being on 
trial. | 

The following comments have been 
received from manufacturers of 
bearing metals, and anti-friction 
bearings in response to an invita- 
tion by INDUSTRIAL ENGINEER to give 
their suggestions on possible im- 
provements in bearing operation and 
the points to consider when install- 
ing these bearings. 


From Manufacturers of Bearings 


Relating to Improvements in Bearing Operation 
and Practical Points to Consider When Installing 


Sleeve and Anti-Friction 


C. H. Bierbaum, Vice-President and 
Consulting Engineer, Lumen Bearing 
Co., Buffalo, N. Y.: The relative merits 
of sliding-surface and rolling-surface 
bearings have been very ably discussed 
in two recent numbers of INDUSTRIAL 
ENGINEER, Mr. R. Pruger, in the March 
issue, very ably presented the sliding- 
surface or sleeve bearing, and Mr. L. J. 
Hess, in the April issue, the rolling-sur- 
face, or ball and roller bearings; each 
one discussing his topic from an in- 
tensely practical viewpoint. The read- 
ing of the two articles puts one into 
the compromising frame of mind in 
which the young judge found himself 
after his first hearing, when he decided 
“vou both got the case.” In fact they 
both have. There is a field in which 
each kind is best. 

The very nature of the production of 
all the rolling-surface bearings re- 
quired that they should receive more 
initial thought and study than the ap- 
parently simple forms of sliding-sur- 
face bearings; in fact the production 
of the former, from the beginning, has 
been a specialized one, whereas the lat- 
ter have been “made by almost any- 
one, from almost anything, for almost 
everything.” 

There is no sharp dividing line be- 
tween the respective fields for the two 
kinds of bearings; this is brought out 
clearly by the fact that different users 
often disagree in their preference for 
one or the other when considering spe- 
cific bearing requirements, and also 
for the reason that we find users 
changing from one to the other, and 
after years of trial again returning to 
their first choice. 

It is, therefore, evident that a lack 
of general dissemination of the tech- 
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nical knowledge relating to sliding-sur- 
face bearings, has, and is, constantly 
mitigating against the proper use of 
the same. The first real scientific 
study on the subject of bearings was 
begun by Tower, forty years ago. It 
was he who first demonstrated that a 
film of oil could carry the load of a 
bearing without having metallic con- 
tact between the bearing surfaces. He 
showed that certain definite and im- 
mutable laws exist which govern the 
forming and the maintaining of an oil 
film. It is, therefore, evident that un- 
less a machine designer or a mechanic 
fitting up a bearing understands these 
laws, he is working in the dark, and 


Movement of center line of journal 
and position of points of minimum 
and maximum pressure on oil film 
in bearing when journal is rotated 
and load gradually applied. 
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his results will be erratic and ques- 
tionable. 

These pioneer and subsequent studies 
have shown that for proper lubrication 
a definite amount of clearance or space 
around the journal must be provided as 
a space in which the oil film should 
form; that without this space it is im- 
possible for the film to form. It has 
also been shown that if the bearing is 
not a complete cylinder the advance 
edge of the same should be chamfered 
or rounded off in order to permit the 
film to form. An increase of speed in- 
creases the thickness of oil film if tem- 
perature and other conditions remain 
constant and provided that sufficient 
space or clearance has been allowed. 
The use of an oil of high viscosity re- 
quires that more clearance be provided 
for a proper film to form. A common 
rule to follow for ordinary machinery 
is that of allowing a clearance of 0.001 
in. plus an additional 0.001 for every 
inch of diameter of journal. The load 
carrying capacity of a bearing is not 
necessarily proportionate to its pro- 
jected area, since a large unbroken 
area is capable of supporting a greater 
pressure per unit area than a smaller 
one. The function of oil grooves is to 
supply and distribute the oil to the 
bearing; they should not be excessive. 
Oil grooves can be made a positive det- 
riment to a bearing by being excessive 
or in that part of the bearing in which 
the film is subjected to maximum pres- 
sure, in which case they become effec- 
rive drains for carrying off the oil 

m. 

The accompanying illustration is an 
interesting and profitable study of the 
behavior of the journal and bearing 
and that of its oil film. To begin with, 
let us assume that we have a journal 
3 in. in diameter. According to the 
foregoing rule of clearances that would 
have a total clearance of 0.004. in. 
That is, the center point of the journal 
will then have enough freedom to be 
able to describe a circle 0.004 in. in 
diameter, and at the same time be able 
to assume any position within this cir- 
cle. In the diagram let the diameter 
of the outer circle be equal to 0.004 in. 
We will then be able to plot all the 
movements of the center of the journal 
within this circle. After lubrication ro- 
tate the journal in the direction of the 
curved arrow, without having any load 
upon the same (not even its own 
weight); the center of the journal will 
then assume a position in the center of 
the circle, having an oil film of even 
thickness throughout its entire circum- 
ference. Now, if we continue the ro- 
tation of the journal and gradually 
apply a load in the direction of the ver- 
tical arrow, the center point of the 
journal will move along a line maki 
an angle of 72 deg. with the vertical, 
as the load is gradually increased. This 
line may be called the load line, which 
the center of the journal follows to a 
distance equal to one-fourth the 
amount of clearance which, in this 
case, would be 0.001 in. Here the oil 
film is ruptured, and the maximum 
carrying capacity of the bearing will 
have been reached. 

When a bearing is at rest, the loaded 
journal will be in metallic contact with 
the bearing at the lower point of its 
vertical diameter. As rotation begins, 
rolling of the journal upon the bearing 
occurs and continues to a point called 
the angle of repose, where slipping be- 
gins and when an oil film begins to 
form, at the same time. From here it 


June, 1924 


follows the curved line and then as- 
sumes a position upon the load line 
corresponding to the amount of load 
which it carries. 

Very important features brought 
out in this diagram, are the location of 
the arcs where maximum and minimum 
pressure occur upon the oil film. While 
a load is being gradually applied, the 
center point of the journal moves along 
the load line, a maximum pressure be- 
gins to develop at a point 10 deg. from 
the foot of the vertical diameter( meas- 
uring all degrees in a counter-clockwise 
direction). With an increasing appli- 
cation of load upon the journal, this 
point of maximum pressure gradually 
shifts to a point of 45 deg., beginning 
with zero, to that necessary for the 
rupture of the oil film. In the same 
manner and at the same time a mini- 
mum pressure is being developed at a 
point of 184 deg., and as the load is in- 
creased, this point of minimum pres- 
sure gradually shifts to 125 deg., and 
there constitutes the minimum pres- 
sure at the time of oil film rup- 
ture; its value changing from atmos- 
pheric pressure at first to a negative 
pressure or distinct suction. 

This study clearly shows where the 
oil grooves should be placed, and where 
they should not be placed for best serv- 
ice conditions. . 


Donald L. Colwell, Metallurgist, 
Stewart Mfg. Corp., Chicago, Ill.: One 
commonly neglected cause of a great 
many sleeve bearing troubles is the 
choice of the wrong bearing metal. 
Much attention is paid to the design of 
the bearing, with particular emphasis 
on means of lubrication, and many and 
various are the devices for providing 
and maintaining a continuous oil film 
between the journal and the sleeve. 

When it is possible to design a bear- 
ing that will automatically keep a 
continuous oil film between the bear- 
ing and the shaft without undue loss 
of oil, the problems of the engineer are 
greatly simplified. Such a bearing, 
however, is not often found. When 
such a bearing is found, it is subject to 
the human element; for its oil cup must 
not run dry. It is necessary, therefore, 
to construct the bearing of a material 
that will cause the minimum amount of 
damage if the lubrication does fail. 

Let us consider a simple sleeve bear- 
ing supporting a steel shaft. In the 
first place, no matter how carefully the 
shaft is ground and the bearing fitted, 
when the shaft first revolves in the 
sleeves it will rest on a few “high 
spots,” and bridge over the interven- 
ing areas. This causes an unduly high 
load to be placed on the high spots of 
the bearing metal, and usually the oil 
film at these points is broken. This 
continues until the shaft has either 
pressed these high spots down, or worn 
them away to the lower levels of the 
bearing. If the bearing material is plas- 
tic enough, they will be pressed into 
place and the shaft will rest uniformly 
on the whole bearing. If the bearing 
material is not pantie; the high spots 
will remain until they are worn down 
by the shaft, and often the shaft itself 
is worn somewhat by the process. This 
introduces fine particles of bearing 
metal, and sometimes steel, into the 
oil, with ruinous effect on its lubricat- 
ing value. It is necessary, therefore, 
to make the bearing as plastic as pos- 
sible so that the high spots in the new 
bearing will be squeezed down, rather 
than worn away. 
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After this bearing is properly “worn 
in,” it will function nicely as long as 
the oil film separates it from the shaft. 
However, if the lubrication is faulty 
and the oil film broken there is metallic 
contact between the revolving piece of 
steel and bearing metal; that is, a steel 
surface is rubbing against another me- 
tallic surface with a greater or less ve- 
locity. This causes a certain amount 
of energy which revolves the shaft to 
be used in overcoming the friction; 
this energy reappears in the form of 
heat. The amount of energy used in 
overcoming friction depends on the 
friction developed and this, in turn, de- 
pends in part on the co-efficient of fric- 
tion of the bearing material. It is ad- 
visable, then, to secure a bearing metal 
with a low co-efficient of friction. 

The heat developing from the fric- 
tion can do harm in many ways, but 
we will neglect the harm it might do 
to certain forms of apparatus and con- 
sider only the effect of high bearing 
temperature on the bearing itself, or 
the shaft. It must be remembered that 
in addition to these limitations, the 
maximum temperature allowable is lim- 
ited by the application of the bearing 
in the apparatus. High bearing tem- 
perature can harm the shaft only if 
high enough to draw the temper, if the 
shaft is hardened, but it might seri- 
ously soften the bearing and lower its 
load bearing qualities. The table shows 
the effect of temperature upon the 
hardness of several grades of white 
bearing metal, including both tin- and 
lead-base alloys. It is advisable, there- 
fore, to secure a bearing material which 
will not soften under heat. 

It is seen, then, that the following 
considerations should influence the se- 
lection of a sleeve bearing material, 
after the requirements of physical 
strength, machinability, etc., have been 
met: (1) The material should be plas- 
tic enough to fit itself to the shaft 
without excessive wear. (2) It should 
have a low co-efficient of friction. (3) 
It should withstand heat without seri- 
ous softening. (4) It should also be 
hard enough to resist excessive wear. 
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In general, there are three types of 
bearing metal in use today; the white 
bearing metals, the bronzes, and the 
copper-lead metals. The white metals 
are usually either lead or tin base, al- 
though zinc-base metals have been 
used. The lead base metals are hard- 
ened by the addition of antimony, tin, 
or copper, or any two of these, or all 
three. The strength and hardness of 
the metal depend on the amount of 
hardener added, but the following an- 
alysis, that of specification No. 14 of 
the Society of Automotive Engineers 
illustrates the class: 


METAL PER CENT. 
TiM ena Pree er binant 9.25 to 10.15 
Antimony ............ 14.00 to 16.00 
Lead (max.) .......... 76.00 
Goppeknkk aes 0.50 
Arsenic (max.)) 0.20 

Zinc and Aluminum ... None 


The tin-base metals are also hardened 
by antimony and copper and sometimes 
lead is added. The following S. A. E. 
specifications, No. 11 and No. 12 are 
representative of the tin-base bearing 


metals: 
Spec. No. 11 Spec. No. 12 
METAL PER CENT. PER CENT. 
Antimony .. 6.00 to 7.50 9.50 to 11.50 
opper ..... 5.00 to 6.50 2.25 to 3.75 
Tin (min.) 86.00 59.50 
Lead (max.) 0.35 26.00 
Iron (max.). 0.08 0.08 
Bismuth 
(max.) 0.08 0.08 
Arsenic 
(max.) 0.10 
Zine and Al- 
uminum None None 


Specification No. 11 is representative 
of the so-called genuine babbitt metals, 
first used by Isaac Babbitt, and is a 
high-grade bearing metal. The copper 
and antimony are often varied consid- 
erably from these figures for different 
uses. 

The microstructure of a genuine bab- 
bitt metal is shown in the upper por- 
tion of Fig. 1. As the molten metal 
cools, the antimony crystallizes in the 
cube-shaped crystals of composition 


Physical Properties of Some 
White Bearing Metals at Temperatures Above Normal 


BEARING PROPERTY 


METAL 


Brinell hardness 
S.A.E. Spec. No. 11 
Copper 5.75% 
Antimony 6.75% 
Tin 87.50% 


S.A.E. Spec. No. 12 
Copper 3.00% 
Antimony 10.50% 
Lead 25.00% 
Tin 61.50% 


S.A.E. Spec. No. 13 
Tin 5.00% 


Antimony 10.00% 
Lead 85.00% 


Yield point 


Brinell hardness 
Yield point 


Brinell hardness 


Yield point 


5,750 Ib. per sq. in. 
Ultimate strength 16, 425 lb. per sq. in.] 12,175 


TEMPERATURE 


50° C | 75° C | 100°C 
122°F | 167° F | 212° F 


18.2 | 14.8] 11.3 
5,000 


22.4 


4, 700 Ib. per sq. in. 


Ultimate strength |13,685 tb. per sq. in 
19.7 

3,750 Ib. per sq. in. 

Ultimate strength |15,020 Ib. per sq. in. 11,275 


2,650 | 2,250 


7,920 | 4,770 


Note—These values are taken from Bureau of Standards Technologic Paper 


No. 188, by Freeman and Woodward. 
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Fig. 1— Microstructure of two 
types of bearing metals. 


Above, structure of genuine babbitt 
metal which was cooled slowly to favor 
the development of large crystals. Tne 
large, cube-shaped crystals are an al- 
loy of tin and antimony. The copper 
crystallizes out in pointed or hook- 
shaped crystals which are composed of, 
roughly, three parts of copper and 
one part of tin. The crystals are 
shown here as they appear when mag- 
nified 80 diameters. The lower photo- 
graph shows the structure of a copper- 
lead bearing metal. The long, tree-like 
crystals, which appear white in the 
photograph, are composed of practically 
pure copper. The material, shown as 
dark areas, between the copper crys- 
tals is mostly lead. This photograph 
was taken under a magnification of 20 
diameters. 
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SnSb. The copper crystallizes out in 
the hooks and spines of composition 
Cu, Sn. The size of these crystals de- 
pends on the rate of cooling and it has 
been found that the metal with the 
rapidly-cooled, smaller crystals gives a 
superior bearing. That is one great 
advantage of die-cast babbitt bearings. 
The lead-base bearing metals (often in- 
correctly called babbitts) develop a 
similar structure. 

It is seen, therefore, that the white 
bearing metals are composed of hard 
crystals imbedded in a soft matrix. The 
hard crystals carry the load and resist 
the wear, while the soft matrix has a 
fairly low co-efficient of friction and is 
plastic enough to easily adjust itself to 
the shaft. However, the effect of tem- 
perature on the white metals is disas- 
trous, as is shown in the table. In 
fact the white bearing metals will usu- 
ally melt at some temperature between 
350 deg. F. and 500 deg. F. 

Because of their superior strength, 


the bronzes are very largely used for 


bearings where the loads are heavy. 
They are not plastic and will not adjust 
themselves to the shaft. They are hard 
enough to resist wear, but at the same 
time this hardness is often ruinous to 
the shaft, particularly when the bear- 
ing is overheated. Cut and scored 
journals are often found when bronze 
bearings are used. The bearing 
bronzes consist of a copper base with 
varying amounts of tin, zinc and lead, 
and sometimes a little phosphorus, 
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Fig. 2—Co-efficient of friction of 
tin-base babbitt, commercial bronze 
and two grades of copper-lead 
bearing metal. 


The bearings were all tested on the 
same machine. The babbitt contained 
84 per cent of tin, 7 per cent of copper 
and 9 per cent of antimony. The bronze 
contained 86 per cent of copper, 9 per 
cent of tin, 3 per cent of zinc and 2 
per cent of lead. Curve C represents 
a copper-lead bearing metal containing 
65 per cent of copper and 35 per cent 
of lead. D represents a similar metal 
containing 80 per cent of copper and 20 
per cent of lead. 
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tals used for bearings simply 
because they are strong enough to do 
the work. 
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The third type of bearing metal is 
the result of the attempts to improve 
the bearing qualities of the bronzes by 
increasing the lead content, with the 
production of a copper-lead bearing 
metal. Some of the bronzes contain 10 
per cent or even 15 per cent of lead, 
but it has been found commercially im- 
practicable to add more than 15 per 
cent of lead because of liquation and 
segregation.. A special process has re- 
cently been developed, however, for 
producing a copper-lead metal with the 
lead content as high as 60 per cent with 
40 per cent of copper. The structure 
of such a metal is shown in the lower 
part of Fig. 1. 

The copper-lead bearing metal de- 
veloped by this process may contain 
from 20 per cent to 60 per cent of lead. 
The strength and hardness decrease as 
the lead increases. A consideration of 
the microstructure will show why this 
is so. As the molten mixture solidifies, 
the copper crystallizes out first in sub- 
stantially pure form, and gives the 
dendritic, or tree-like crystals shown in 
Fig. 1. The lead eutectic remains 
molten long after the copper skeleton 
has solidified, and when it does freeze 
it fills in the interstices and cushions 
the copper. Thus the bearing consists 
of a skeleton or network of copper 
cushioned by lead. The strength of the 
alloy is simply the strength of the cop- 
per skeleton and, of course, it is not so 
strong as bronze. From 60 per cent 
to 80 per cent of copper, however, gives 
a bearing of higher strength than the 
same bearing in white metal. It is also 
possible to strengthen the copper to a 
certain degree by the addition of a 
small amount of tin or some other 
metal. 

From a bearing standpoint the cop- 
per-lead metal combines the advantage 
of both bronzes and white metals. The 
copper skeleton can be made hard 
enough and strong enough to carry the 
load and resist the wear. The lead 
cushion makes it plastic enough to con- 
form itself to the shaft, and at the 
same time cuts the amount of friction 
because of the lower co-efficient of 
friction of lead. A comparative study 
of the friction of four bearings is shown 
in Fig. 2. The bearings were all tested 
on the same machine. The babbitt is 
genuine, containing 84 per cent of tin, 
7 per cent of copper, and 9 per cent of 
antimony. The bronze is a commercial 
bearing bronze containing about 9 per 
cent of tin, 2 per cent of lead, 3 per 
cent of zinc, and the balance copper. 
Curve (C) is that of a metal containing 
65 per cent of copper and 35 per cent 
of lead; (D) contains 80 per cent o 
copper and 20 per cent o lead. The 
curve shows the superiority of the cop- 
per-lead metal over both bronze and 
babbitt. The copper-lead metal will 
also stand uP under high temperatures, 
because of the high melting point. Cop- 
per-lead bearings have been run dry 
until the shaft was red hot, a tempera- 
ture of 1,300 deg. F., without harm to 
either the shaft or the bearing. 


D. E. Batesole, Asst. Engineer Man- 
ager, The Norma Company of America, 
New York, N. Y.: The articles which 
have appeared in the past few issues of 
INDUSTRIAL ENGINEER are indeed very 
interesting and should be of consider- 
able help to everyone connected with 
the maintenance of plant equipment. 
Those particular portions of each ar- 
ticle which deal with practical experi- 
ences in eliminating bearing troubles 


should be carefully noted by all engi- 
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neers, a8 Similar troubles are likely to 
arise at any time. Concerning the mat- 
ter of roller bearings as applied to elec- 
tric motors, cranes and other plant 
machinery, we would offer the follow- 
ing ten important points to be looked 
after in order to obtain the most satis- 
factory results. 

(1) The question of bearing selec- 
tion should be given careful consider- 
ation. This applies both to the type 
of bearing as well as the size which 
should be used for a given application. 
The type of bearing to be used will de- 
pend upon a number of factors, such as 
(a) kind of service, whether load will 
be constant, variable or intermittent; 
(d) speed condition, that is, high or low 
speed, constant or variable; (c) char- 
acter of load, whether it is all radial 
load or all thrust load, or part radial 
and part thrust and what are the rela- 
tive proportions of each; (d) unusual 
conditions of operation, such as high 
temperatures, presence of unusual 
quantities of dust or impurities sur- 
rounding the bearings, and so forth. 
All of the above factors will enter into 
the selection of the proper type of 
bearing. 

(2) The size of bearing will depend 
also to a certain degree upon the con- 
siderations mentioned above. Fur- 
thermore, the size will depend upon 
(@) the space limitations; (0) the di- 
ameter of the shaft under the bearings 
as well as the shaft extension diameter; 
(c) upon whether or not a bushing is 
to be used between the bearing and 
the shaft. When the loads to be car- 
ried are known and the space limita- 
tions are determined, it should be quite 
easy to select the weight of bearing to 
be used, that is, whether of light, me- 
dium or heavy series. 

(3) Before considering the mount- 
ing and maintenance of the roller 
bearing, it is well to mention some im- 
porn points in connection with the 
andling and cleaning of the bearing. 
Bearings are usually shipped by the 
manufacturer covered with some rust- 
resisting compound. In most cases 
this material will serve as a lubrieant, 
but it is desirable to remove this cov- 
ering and use a properly selected 
grease or oil for lubrication after the 
bearing is assembled. As a rule this 
slushing material can be removed by 
immersing the bearing for a time in 
kerosene. In many plants it is cus- 
tomary to keep the bearings, after they 
are cleaned, submerged in a covered 
can of kerosene until ready for use. 
This insures that the bearings will 
not become rusted before assembly. 
Do not under any cireumstances allow 
bearings to lie about uncovered where 
mney are likely to accumulate chips and 
irt 


blast is sometimes used. If this is 
done, care should be taken to see that 
this air does not contain excessive 
moisture or dirt. In many cases chips 
are blown into the bearings, and are 
very difficult to remove. 

(5) Coming now to the matter of 
bearing mounting and the fits which 
should be used in this work, it must be 
remembered that a roller bearing is 
made up to exceedingly close internal 
tolerances and should, therefore, be 
mounted so that the internal clearance 
is maintained. In other words, exces- 
sive pressures should not be used either 
in forcing the inner rings on the shafts 
or the outer rings into their housings. 


In either case the internal clearance of 


(4) In cleaning the bearings, an air 
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the bearing may be so reduced, or the 
rings so distorted, that excessive heat- 
ing will take place or in severe cases 
the bearing may not turn at all. The 
fit to be used will, of course, depend 
upon the size of the bearing as well as 
upon the particular operating condi- 
tions to be taken care of. In general, 
the manufacturers of roller bearings 
furnish information as to the tolerances 
of their bearings and the recommended 
fit allowances and it is advisable to fol- 
low closely their instructions to obtain 
satisfactory results. 

(6) The rings of the roller bearing 
should be mounted so that the race- 


Fig. 2—This roller bearing is of 
the separable type. 


The outer ring may be firmly fixed in 
the housing, as the rollers are free to 
move laterally across the face of the 
outer raceway, to compensate for ex- 
pansion. 


ways are parallel. If it is impossible 
to insure that the inner and outer race- 
way will be parallel at all times a rol- 
ler bearing of the self-aligning type 
should be used, as illustrated in Fig. 1. 
Otherwise, there is danger of the ends 
of the rollers being broken off due to 
the high pressure at their extremities. 
In general the bearing inner ring 
should be pressed firmly home against 
a shoulder on the shaft or against a 
bushing so that the ring is definitely 
located. 

(7) Where there are excessive shock 
loads to be taken care of, there is a 
possibility of a peening action being 
set up between the outer ring of the 
roller bearing and its housing. For 
that reason no appreciable looseness 
should be permitted between outer ring 
and housing so that there is no chance 
for this peening effect to develop. A 
bearing of the separable type such as 
shown in Fig. 2 has the advantage that 
the outer ring may be separately and 
firmly mounted in the housing, irre- 
spective of the inner ring and rollers, 
and in this way there is less chance for 
looseness to be present. 


bearing. 

It is recommended that this type of 
bearing be used where difficulty is en- 
countered in making or Keeping the in- 
ner and outer raceways parallel. 
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(8) Expansion of the shaft under in- 
creased temperature should also be 
taken care of. If the distance between 
bearings is large and the change in 
temperature likely to be great, suffi- 
cient provision should be made for the 
shaft to expand without cramping the 
rollers on their ends. When roller 
bearings of the self-contained type are 
used one is usually fixed, while the other 
is free to move laterally. Roller bear- 
ings of the separable type, as in Fig. 2, 
take care of expansion in the bearings 
themselves as the rollers are free to 
move across the faces of the outer race- 
ways. 

(9) The kind of lubricant to be used 
will depend upon operating conditions. 
Whether grease or oil is used, it 
should be carefully selected so that 
nothing is present in it which will 
affect the life of the bearings. All lub- 
ricants should be entirely free from 
acid or alkali and should not contain 
foreign matter of any kind. Suitable 
means should be provided to see that 
the lubricant is kept in the bearing 
housing and also that dirt or grit is 
not allowed to enter under any condi- 
tions. 

(10) The care of the roller bearing 
should be in competent hands. In other 
words, it is desirable that some person 
or persons be given the responsibility 
of looking after them. The bearings 
should be lubricated at regular inter- 
vals, the length of time between oilings 
depending again upon operating con- 
ditions. A little experimentation along 
this line will determine the best prac- 
tice for each individual case. It is ad- 
visable to keep a log or record of each 
mounting and when it is lubricated, or 
else have a certain day of each week 
or month set as the day on which the 
bearings are to receive additional lub- 
rication. 

It may appear from the above that 
the proper mounting and upkeep of a 
roller bearing is quite difficult but such 
is not the case. We have only en- 
deavored to point out the best practice 
based upon our experience with bear- 
ings of this type on a great variety of 
applications. By following a few fun- 
damental rules of care and mounting it 
will be found that a well-made roller 
bearing will give satisfactory service 
over many years under the most severe 
operating conditions. 

T. V. Buckwalter, Chief Engineer in 
Bearing Design and Installation, The 
Timken Roller Bearing Co., Canton, 
Ohio: The general subject, the substi- 
tution of the rolling bearing for the 
sliding bearing, in electric motors, is 
receiving constantly increasing atten- 
tion. There is apparently some thought 
in certain quarters that much of this 
attention is due to the effort of bearing 
manufacturers to introduce their prod- 
uct into motors but this line of reason- 
ing is not strictly true as those most 
interested in the subject are some of 
the large users of electric motors. 

Studies made of the subject by this 
company, particularly among the large 
users of electric motors, indicate that 
these users attribute 70 to 80 per cent 
of their motor troubles to bearing fail- 
ure. It must be at once granted that 
the actual replacement cost of bearings 
incidental to motor failures does not 
represent this percentage, but failures 
such as burn-outs incidental to the 
rotor riding on the stator, and which 
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are incidental to the bearing failure, 
should be charged to the bearings and 
most of the maintenance men are now 
taking this viewpoint. Let us look into 
the advantages following the applica- 
tion of taper-roller bearings to electric 
motors: We will first take up the mat- 
ter of mounting and this can best be 
described by referring to the illustra- 
tion which shows the application of 
taper-roller bearings to a typical induc- 
tion motor, the section of the motor 
being taken from a layout having a 
rating of 100 hp. at 1,200 r.p.m. It 
will be observed that a pair of taper- 
roller bearings will take any combina- 
tion of thrust or radial loads that can 
be imposed on the bearing in ordinary 
motor service, and this combination of 
loads might be due to a variety of 
causes such as misalignment on belt, 
shaft or gear drive, inclination of the 
motor from level, or use of bevel gear- 
ing on first reduction. 

The bearing consists essentially of 
two parts: namely, the cone and roller 
assembly which is combined as one unit, 
and the cup. The distinct feature of a 
taper-roller mounting is that the bear- 
ings are invariably mounted in pairs 
and while, in the case of the electric 
motor, the weight of the motor is di- 
vided between the two bearings, thrust 
reactions, on the other hand, are taken 
on one or the other of the bearings, 
depending on the direction of the 
thrust. 

The cones can be mounted on the 
armature shaft direct with a light press 
fit and require no clamping nuts or 
other accessory apparatus necessary 
with annular types of bearings. The 
cups are mounted directly in the bell 
housing and each cup is located end- 
wise in one direction only, clamping 
rings and abutments being entirely 
eliminated. This provides for through 
reaming in machine work and maxi- 
mum economy in machining operations. 
Housings can also be made symmetrical 
and much of the core work necessary 
with the plain bearing is eliminated 
entirely. 

Lubrication can be accomplished by 
either suitable grease or a medium 
motor oil. Oil lubrication requires that 
the oil hole be located below the arma- 
ture shaft to avoid leakage inward to 
the winding, while grease lubrication 
could best be provided with an ordi- 
nary grease gun, injecting the grease 
directly into the bearing housing but 
without pressure. One of the draw- 
backs of grease lubrication is that the 
bearing housing can be filled too full, 
leading to leakage of the grease past 
the armature shaft where it can be 
blown onto the windings. A proper 
charge of either oil or grease is about 
one-third the capacity of the housing. 

The particular advantage of taper- 
roller bearing mounting is the economy 
of space on both diameter and length. 
The projection of the bearing housing 
on either end of the motor is greatly 
reduced, but on the other hand the sym- 
metrical mounting provides for uniform 
and maximum possible ventilation. 

A decided advantage of the taper- 
roller type of bearing is that it is ad- 
justable for wear. Considering the 
long-continued service, relatively high 
speed, and in some cases, a high load 
factor, this is an important considera- 
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tion. It must not be assumed that be- 
cause a bearing is adjustable for wear 
that it will wear any faster than a non- 
adjustable bearing. The amount of 
wear in a bearing of the rolling type 
depends, first, on the composition and 
heat-treatment of the steel, the amount 
of rolling surface, and the reduction in 
unit pressure on the rolling elements 
and, second, cleanliness of assembly. 
These characteristics are all obtained in 
their maximum with the taper-roller 
bearing and are given preference. The 
wear is less with this type than with 
other forms of bearings. 

The great advantage of this form of 
bearing is that with a simple adjust- 
ment, by removing the shims in the 
motor illustrated, contact and align- 
ment can be renewed whereas, on the 
non-adjustable bearing of either plain 
or rolling type, a complete replacement 
is necessary. 

The second great advantage of the 
adjustable form of bearing is that ex- 
tremely close work on the fitting of the 
bearings is unnecessary. It is granted 
that a press fit of the cone or inner 
race is essential on heavy motor serv- 
ice and on the races of the non-adjust- 
able bearing this press fit must be very 
carefully handled, as otherwise an ex- 
pansion of the inner race occurs. The 
taper bearing will function satisfac- 
torily, regardless of whether the cone 
is light press fit or heavy press fit. 
The heavy press fit of course results in 
more expansion of the cone but this is 
automatically taken care of in making 
the adjustment. 

The question of noise in the bearing, 
which is more or less present in any 
rolling form of bearing, can be very 
nicely controlled with the adjustable 
bearing by means of the adjustment 
whereas, in a non-adjustable bearing 
this running freedom must be nicely 
controlled in the manufacture and also 
in the mounting of the bearing. 

Economy in lubrication is an impor- 
tant advantage following the use of 
the rolling type of bearing. There are 
instances on record of electric motors 
running 22 hours per day for periods 
of over one year without attention to 
lubrication. 

The maintenance of the air gap with- 
out variation should improve the elec- 
trical characteristics of any form of 
electric motor. The variation in the 
air gap in the rolling type of bearing 
would amount to only a few thou- 
sandths, measured on the radius of the 
bearing and this, with proper lubrica- 


Installation of taper-roller bearings 
in large induction motor. 
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tion, should be obtained only after years 
of service and which can be corrected 
by a very simple adjustment. 

The relative cost of electric motors 
equipped with the rolling type as com- 
pared with sliding types of bearings, 
has not been worked out to a finality, 
but the indications thus far are that 
with the use of taper-roller bearings 
the difference in cost of motors will not 
be a material factor, the indications 
being that there will be no appreciable 
difference in cost, particularly after con- 
sideration is given to the increased cost 
of the bearing as measured against the 
decreased cost on other parts of the 
motor such as the armature shaft, bell 
housing, and simplified foundry work. 

The illustration of the induction mo- 
tor might be considered as typical of 
ordinary motor practice, and it is rec- 
ognized that special forms of motors 
such as mill motors of the split type, 
railway and mining motors, must have 
special consideration given to the mat- 
ter of bearing selection and mounting. 


H. R. Reynolds, Chief Engineer, The 
Fafnir Bearing Co., New Britain, Conn.: 
In considering ball bearings for elec- 
tric motors it is not our intention to 
criticise or condemn other types of 
bearings; rather we hope to bring out 
certain points which are factors of ball 
bearing service. In general ball bear- 
ings give superior service in any ap- 
plication. The conditions don’t always 
require such service. However, the 
electric motor does. 

Unfortunately, in the past the ball 
bearing engineer has been largely in- 
fluenced by automotive design and ball 
bearings for industrial use have been 
recommended from data on hand which 
was not based on industrial require- 
ments. The resultant ball bearing 
service was quite frequently unsatis- 
factory; hence early experimenters 
were often discouraged. 

Several ball bearing manufacturers 
are today in a position to make very 
intelligent ball bearing recommenda- 
tions for ball bearing machine applica- 
tions, having a trained group of engi- 
neers 5 in the different 
fields. e electric motor has received 
a large share of this attention, so that 
today ball bearing recommendations 
for electric motors are made from a 
sound knowledge of conditions sur- 
rounding such service. 

Properly selected and applied, there 
is no bearing made that gives as effi- 
cient, carefree service as the ball bear- 
ing. If they could be purchased and 
applied for the same price as other 
bearings there is no question regard- 
ing their universal use. Here it should 
be stated that quite often, once prop- 
erly equipped, the manufacturer is de- 
lighted to find how closely his costs will 
approach each other. 

Especially desirable characteristics 
of ball bearings for electric motor serv- 
ice are the following: 

1) There is no wear on the rotor 
shaft. (2) They are grease lubricated 
instead of oiled, thus assuring absence 
of shorts from oil-soaked windings. 
(3) They take care of both radial and 
thrust loads, thus doing away with 
troublesome thrust collars. (4) They 
insure permanent alignment, as re- 
placement of a worn bearing promptly 
restores original conditions. (5) In 
general it is easier and much quicker 
to replace ball bearings than those of 
the sleeve type, (Continued on page 804) 
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THIS ARTICLE gives infor- 
mation on the different types 
of eleetrically- operate d 
brakes, which will help the 
user to correctly apply them 
to different drives in an in- 
~ dustrial works. Brake shoes, 
brake wheels and brake discs 

are discussed from a mainte- 

nance standpoint. This ar- 

ticle also tells how brakes 
* are rated, data required 
when ordering and details 
aare given on the mounting, 
installation, adjusting, test- 
x ing and maintenance of 
brakes together with the 
troubles that are commonly 
experienced with them. 


Details of Service and 
Construction of 


Brakes Used 
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to Retard 


Or Hold Rotating Parts 


of Cranes, Hoists, Elevators, Turntables, Line- 
shafting and the Like to Prevent Overtravel, to 


Stop at Definite Points, 
Emergency Stops 


By ARTHUR J. WHITCOMB 
Associate Editor, Industrial Engineer 


BRAKE is a device for re- 
AÀ lane or stopping rotary 

motion by friction. An elec- 
tric brake is one set by mechanical 
means and released electrically. 
Some brakes are set by gravity 
through the action of a weight at- 
tached to a lever arm; others are set 
by springs. Release is accomplished 
by a magnet or solenoid, although a 


Hold Loads and Make 


small motor is sometimes used. The 
function of an electric brake may be 
to retard and stop a motor or ma- 
chine, to hold a machine at rest 
against some force or to perform 
both of the above duties. 

Electric brakes may be classified 
according to mechanical form or as 
to electrical characteristics. Classi- 
fied as to mechanical form, there are 
band brakes, disc brakes and shoe 
or post-type brakes. Divided ac- 
cording to electrical characteristics 
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Fig. 1—These brakes are on the 
motors driving the tilting mech- 


anism of a bar mill in a large 
steel plant. 


The two motors are geared direct to 
the same mechanism, hence both brakes 
retard, stop and hold the mechanism. 


there are shunt-wound and series- 
wound types, alternating-current and 
direct-current types, and lastly sol- 
enoid-operated, magnet-operated and 
motor-operated types. 


BRAKES CLASSIFIED ACCORDING TO 
MECHANICAL FORM 


The band brake is a very familiar 
form. It consists of a band which 
encircles a brake wheel. The band 
is lined on the inside with woven 
friction material, wood blocks, com- 
position blocks, or other friction ma- 
terial. Usually one end of the band 
is anchored; the other end is pulled 
tight around the brake wheel by a 
weight or spring. A solenoid com- 
presses the spring or lifts the weight 
as the case may be. Fig. 4 on page 
272 shows a band-type brake and in 
Fig. 2 is a cross section of the sol- 
enoid that operates it. 

The band brake has a large brak- 
ing area, for nearly the entire face 
of the brake wheel is effective for 
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Fig. 2—A cross-section view of a 
solenoid used for operating band 
brakes. 


This solenoid has a loose plug which 
provides a strong pull and a fixed posi- 
tion for the plunger when sealed. In 
operation the plunger engages the plug 
at the end of its working stroke; it 
continues to rise for a fraction of an 
inch and carries the plug with it un- 
til the stored energy is spent. Both 
the plunger and plug then drop back 
until the plug rests on its seat. 


braking. The dead-end or anchored- 


end type of band brake exerts more 
retarding torque in one direction 
than in the other. The braking is 
most effective when the brake wheel 
is rotating in the direction which 
tends to wrap the band around the 
wheel. This limits the application 
of the dead-end type of band brake 
almost entirely to hoists, where brak- 
ing is needed in only one direction. 

The band brake is usually applied 
to the intermediate shaft of a crane 
hoist, where a holding brake is de- 
sired. A brake is put on this shaft 
to give greater safety. In case the 
armature-shaft brake should fail or 
if the motor pinion or motor shaft 
should break, the intermediate-shaft 
brake will hold the load. Quick-act- 
ing brakes on both the armature 
shaft and intermediate shaft will 
cause backlash and hammer blows to 
be given to the gearing. Since the 
band brake is slow acting, due to its 
long-stroke solenoid and is more ef- 
fective in one direction than the 
other, it makes a very suitable brake 
for the intermediate shaft of a hoist. 
The quick-acting armature shaft 
brake will retard and stop the load 
while the band brake will help to or 
actually hold it if necessary. 


The disc-type brake consists of a 
series of rotating plates alternating 
with a series of stationary plates. 
The rotating plates which are lined 
on both sides with a friction lining, 
are loosely keyed to a hub so that 
they are free to move laterally. The 
hub is mounted on or connected to 
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the motor shaft. A compression 
spring is arranged to press the 
plates together and thus set the 
brake. The armature plate of a mag- 
net compresses the spring and thus 
releases the brake. A cross section 
of this type of brake is shown in II 
of Fig. 6 and an application of it to 
the screw-down on the main rolls of 
a blooming mill is illustrated in Fig. 
5 on page 273. In another form of 
the disc brake only one rotating disc 
is used which is clamped between the 
magnet armature and a stationary 
plate fastened firmly to the brake 
frame. 

The disc-type brake is of rela- 
tively light weight, has a compact 
construction requiring little room 
perpendicular to the shaft and is 
quick acting. It gives equal braking 
torque in either direction of rota- 
tion. Due to the light weight of its 
moving parts it has small inertia. 
The disc brake is a general service 
brake. 

The shoe brake consists of a brake 
wheel and a pair of shoes lined with 
friction material, operated through 
a mechanism by either a magnet or 
a solenoid. The shoes are made to 
clamp the wheel either by weights 
or springs acting through levers. In 
Fig. 3 on this page are shown brakes 
which are set by the action of 
springs. In Fig. 7 is shown a brake 
set by gravity acting through a 
weight. The shoe brake is rugged 
and accessible. It is arranged to per- 
mit easy removal of the armature. 


Fig. 4—Series-wound, solenoid-op- 
erated band brake operating on a 
skip hoist. 


The mechanism at the top of the band 
pulls the top of the band clear of the 
wheel when the solenoid releases the 
brake. The brake wheel is on a shaft 
that is coupled to the armature shaft. 
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Fig. 3—I is a magnet-operated 
shoe brake while II is a solenoid- 
operated shoe brake. 


Both brakes use springs for forcing the 
shoes against the brake wheel. These 
brakes are for use with direct-current 
motors and are series wound, although 
they can be supplied shunt wound. 


The shoe brake is a general-pur- 
pose brake and is quite commonly 
used for heavy-duty service. A 
shoe brake is equally effective in both 
directions of rotation and it is easy 
to keep it adjusted so that the shoes 
do not drag. 


BRAKES CLASSIFIED ACCORDING TO 
ELECTRICAL CHARACTERISTICS ~ 


Classified according to electrical 
characteristics, brakes are designed 
for either direct-current or alternat- 
ing- current service; solenoid-, mag- 
net- or motor-operated; or shunt or 
series wound. 

Direct-current brakes are made in 
the solenoid- and magnet-operated 
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types. A solenoid-operated type is 
shown in Fig. 7 and in II of Fig. 3. 
In the latter a solenoid compresses 
a spring; this releases the brake. The 
braking force is controlled by the 
adjustment of this spring. Magnet- 
operated, direct-current brakes are 
illustrated in I and II of Fig. 6 and 
in Figs. 5 and 8. In these types the 
magnet takes the place of the solen- 
oid and performs the same function. 
Alternating-current brakes are 
made in solenoid- and motor- 
operated types. In Fig. 7. and 
Fig. 10 are shown solenoid-op- 
erated, alternating- current brakes. 
In II of Fig. 9 is illustrated 
a magnet- operated, alternating-cur- 
rent brake. This type has a lam- 
inated armature and core for the 
magnet. A motor- operated, alternat- 
ing- current brake is shown in I of 
Fig. 9 and in III of Fig. 6. This 
brake is set by a spring and released 
by what is equivalent to a high- 
torque, squirrel-cage, induction mo- 
tor driving through a pinion and 
toothed sector to which the brake- 
operating lever is attached. 
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Fig. 5—A disc-type brake operated 
on the screw-down of a reversing 
blooming mill. 


On an application of this kind, a brake 
is subjected tu severe service and 
heavy overloads. 


Solenoid- and magnet-operated, 
direct-current brakes are made with 
the operating coils either shunt 
wound or series wound. Most direct- 
current brakes are series wound for 
the obvious reason that a coil thus 
connected is automatically de-ener- 
gized and the brake set when the 
current is off. Also there is the ab- 


Fig. 6—Structural details of three 
types of brakes. 


In I is shown a direct-current, magnet- 
operated, shoe-type brake. This is the 
same type of brake shown in Fig. 8. 
II is a disc-type brake. It is released 
by a magnet B and D and is set by the 
spring M acting through D and S on 
the stationary plates F and the rotat- 
ing plates G. The rotating plates G 
are loosely keyed to the hub J which is 
keyed to the shaft on which the brak- 
ing is to be applied. H is the friction 
lining on the discs G. III is a motor- 
operated alternating-current brake. The 
motor acts through the toothed sector 
to the crank Q, through the link Y and 
lever V, and through the brake arms 
to release the shoes Z. The brake is 
set by means of the spring R. 
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solute assurance that when the 
brake is released the motor has cur- 
rent to hold the load. The series- 
wound brake acts more quickly than 
the shunt-wound brake. In the case 
of a crane, an extra trolley bar and 
collector would be required if a 
shunt brake were used. Due to the 
fewer turns and relatively large wire 
of the series coil, it is more rugged 
than the shunt coil. However, shunt 
brakes have characteristics that 
make them almost indispensable 
when operated under the following 
conditions: 

(1) Where a drift or coasting 
point is desired when the power is 
cut off from the motor on such ap- 
plications as lift bridges, trolley mo- 
tion of ore bridges, and the like. 

(2) Where the current passes 
through a very low value or through 
zero and flows in the opposite direc- 
tion at some time during the cycle 
as is the case in elevator and mine- 
hoist service. On a crane hoist, the 
brake is usually connected in series 
with the series field in lowering. If 
a high lowering speed is required, it 
is often necessary to weaken the se- 
ries field to a point where the series 
brake will not hold open. Shunt 
brakes are, therefore, frequently 
used on the hoists of coal and ore 
bridges, skull crackers and similar 
service. 

(3) In some cases shunt brakes are 
required where resistance is used in 
shunt with the armature to obtain 
slow-down, as on skip hoists, bell 
hoists and car dumpers. 

The advantage of the series brake 
lies in its simplicity of action while 
the strong point of the shunt brake 
is its flexibility of application. 

All alternating-current brakes are 
made for shunt operation. For three- 
phase service, solenoid brakes are 
often provided with three coils, one 
for each phase. The magnet-oper- 
ated brake is operated single phase. 
The motor-operated brakes are made 
for operation on two- and three- 
phase circuits only. 
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Fig. 7— Another type of solenoid- 
operated shoe brake. 

This brake is set by a weight instead 
of a spring. Although this brake can 
be used on direct- current service it is 
mainly used on an alternating-current 


supply. For a three-phase supply, 
three coils are used; one coil is con- 
nected across each phase. 


SPECIAL TYPE OF BRAKE GIVING A 
GRADUATED RETARDING TORQUE 


Some special applications require 
a brake which gives a graduated 
braking effort. A multiple-solenoid 
brake has been developed for this 
requirement. It is really two brakes 
in one, one solenoid being arranged 
to release the greater part of the 
total braking torque and the other 
solenoid to release the lesser part of 
the total torque. When used with 
induction motors, one solenoid of 
this brake is connected across the 
line and is energized only while 
hoisting. At standstill or when low- 
ering, except on regenerative brak- 
ing points, this solenoid is de-ener- 
gized. The second solenoid of the 
brake is connected across one phase 
of the wound rotor of the induction 
motor. When both solenoids are de- 
energized, as at standstill, full brak- 
ing torque is developed. When hoist- 
ing, both solenoids work together to 
release the brake. In lowering the 
second solenoid varies the braking 
torque according to the motor speed. 
The higher the lowering speed, the 
less motor slip, and consequently the 
lower the voltage applied to the sec- 
ond solenoid and hence the greater 
the braking effort. This type of 
brake is illustrated at A in Fig. 10 
on page 305. 

Other forms of the multiple-sol- 
enoid brake use a dashpot on one 
solenoid so as to secure gradual ap- 
plication of one solenoid while the 
other is applied instantaneously. 


BRAKE WHEELS ARE REQUIRED FOR 
SHOE AND BAND BRAKES 


Band brakes and shoe brakes re- 
- quire a brake wheel upon which the 
retarding torque is applied. Brake 
wheels are made of cast iron and 
cast steel. Cast-iron wheels -wear 
very slowly, but are more easily 


INDUSTRIAL ENGINEER 


broken than cast-steel wheels. Cast- 
steel wheels are probably in more 
common use. Cast-steel wheels are 
generally harder than ordinary steel 
as a balance is struck between hard- 
ness for wear and softness for ma- 
chining. One manufacturer ma- 
chines the brake wheels from cast 
steel and then subjects them to his 
own hardening treatment which 
converts the wearing surface to tool 
steel, glass hard. It is claimed that 
very long life is obtained with these 
wheels. 

Brake wheel sizes vary. In di- 
ameter they vary from 7 in. to 30 in. 
according to rating. The width of 
the face or braking surface of the 
wheels varies from 234 in. to 8 ½ in. 
The safe permissible speeds for 
these wheels varies according to the 
diameter of the wheel. With the 
smallest-diameter wheels a speed of 
approximatly 2,500 r.p.m. is consid- 
ered the maximum, while with the 
largest wheels a speed of about 670 
r.p.m. is the highest safe speed. The 
inside of the face of the larger 
wheels is often ribbed so as to help 
radiate the heat generated during 
severe service. A ribbed wheel is 
shown in Fig. 8 and Fig. 10. 

Brake wheels are furnished either 
with tapered bore or straight bore. 
The tapered bore is the more usual. 
The wheel with a tapered bore is 
keyed to the shaft and held in place 
by a nut screwed on the end of the 
shaft. The straight-bore wheel is 
pressed on the shaft and keyed. 

In a shoe brake the retarding 
torque is developed by the pressure 


Fig. 8—A magnet-operated, shoe- 
type brake operating on the hoist 
motion of a crane. 


Notice the ribbed brake wheel which 
aids in radiating the heat generated on 
the braking surface of the wheel. 
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Fig. 9—Two types of brakes for 
use on alternating current. 


I is a motor-operated shoe brake, while 
II is a magnet-operated shoe brake. 
In II, the coil has been removed so that 
the laminated structure of the core may 
be seen. Notice that the armature is 
also laminated. 


of the brake shoes on the brake 
wheel. The brake shoes are 
commonly made of cast iron 
and are fastened by pins to the 
lever arms through which the pres- 
sure is transmitted from the com- 
pressed spring or weight. The man- 
ner of fastening the shoes to the 
lever arms is shown in Fig. 3, in I 
and III of Fig. 6, in Fig. 7 and in 
Fig. 9. In some brakes the shoes 
are self-aligning and in others ad- 
justments are made so as to align 
the shoe with the surface of the 
brake wheel. 

The inside of the brake shoe is 
covered with a friction lining, 
usually made of woven asbestos. 
There are (Continued on page 304) 
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THIS IS the second part of an 
article which started in the May 
issue. In the first part I spoke of 
wiring from the standpoints of 
safety and continuity of operation. 
In this article wiring is treated from 
the viewpoints of convenience of 
operation, ease of construction and 
cost. These two articles are illus- 
trated with pictures of good and 
bad wiring jobs so that you can 
check up your own work and sort 
of make a mental examination of 
how good or how bad it may be. 
Once in a while a young fellow 
gets the idea that his boss is an old 
fogey and particular far beyond any 
practical necessity. But after a few 
years of experience, when he gets in 
a boss’s boots he forgets that at one 
time he did not know it all and 
sometimes bears down a little hard 
on his men when their work is not 
just up to the standard that he 
knows it might be. 

Because I used to be one of those 
young fellows and later was a boss, 
I have tried in this article to point 
out the things that make a wiring 
job good and give the reasons there- 
for. If you are a boss pass this ar- 
ticle around among your men. If 
you are not yet a boss, but expect 
some day to be one and want more 
information on any of the points 
discussed, just drop me a line and 
I'll try to give you what you want. 


Some Spots and Places 


Where Wiring Can Be Im- 
proved Around Machines 


With Do’s and Don’ts That You May Know About 
Arranged to Save You Time When Breaking in New 
Men and Helping Them to Understand Why You 
May Be so Fussy About Doing a Good Job 


FTER an installation has been 
Ae out with respect to safety 
and continuity of operation, 
convenience should be considered. 
By this I mean the location of 
the various pieces of equipment 
so as to enable operation of the ma- 
chine with the least effort on the 
part of the operator and also to 
readily enable a thorough inspection 
by the maintenance crew. 
First let us consider the location 
of the master switch or start-stop 
button and the speed-regulating de- 


Suggestions by 
Part II 
vices. If the machine is frequently 
started and stopped, the master 
switch or start-stop button should 
be placed near the operator’s hand 
so that it will be unnecessary for 
him to change his position to control 
the machine. If the same operator 


controls several machines, the most 
frequently used master switches 


If I had to rate this job I would be 
forced to mark it about 99.99 per cent. 
The conduit with the power supply comes 
through the bedplate to a condulet lo- 
cated beneath the motor bearing and then 
through the conduit installed in the frame- 
work supporting the control, to a box on 
the rear of the compensator. The safety 
switch is located on the back of the frame- 
work and against the box, consequently 
the wiring between the switch and the 
compensator can be placed in this box. 
The leads from the compensator to the 
motor go through the same conduit to 
the condulet, beneath the motor bearing. 
From this point it is connected to the 
motor condulet by flexible metallic con- 
duit. A minimum amount of wire and 
conduit were used on this job, yet the 
wiring is accessible and well protected. 


should be located at the nearest con- 
venient point. For instance on a 
bucket-handling crane there are usu- 
ally four drum controllers to be 
manipulated; the  bucket-opening 
control, the bucket-closing (combi- 
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HerefAre$EightġWiring Jobs 


With Some Comments on the Good and Bad Features of Each 


At (A) is shown an installa- 
tion that is very good. There 


are, however, one or two points 
that you will say could be im- 
proved. For instance those 
field-rheostat leads (1) should 
be enclosed in the manner 
shown at (1) in illustrations 
B and C. I don't particularly 
like the looks of the wires lead- 
ing into the motor at (2) in il- 
lustration A. Flexible conduit 
should have been run from the 
conduit at the push button up to 
the motor condulet. Notice the 
convenient location of the push 
buttons (3) and the field rheo- 
stat (4) in all three pictures. 


From the standpoint of con- 
venience the arrangement of 


motor and control in illustra- 
tion D is good, but when you 
think of safety and reliability it 
doesn't rate so high. Contrast 
the open knife switch at (1) in 
D with the push button and 
safety switch at (1) in E; 
also compare the starters (2) in 
each picture from a safety 
standpoint. The wiring at (3) 
in illustration D lacks every 
semblance of a good job. 


Do you like to see conduit 
on the floor as shown in (F)? 


How much better the job would 
look if the conduit did not have 
so many odd bends. The ap- 
pearance of this job might have 
been improved in several ways. 
For instance, the conduit might 
have been buried in the floor or, 
by the use of condulets, the con- 
duit could possibly be carried 
on the wall adjacent to the floor. 


Here is a convenient location 
of a controller on a lathe as 


shown in illustration G at 
(1). This drum in conjunctior 
with the automatic starting 
panel at (2), starts, stops, and 
reverses the lathe. The drum 
controller is operated from the 
apron by means of a spline 
shaft and chain. Note the en- 
closure of the panel at (2) and 
the flexible conduit at (3). 


At (1) in illustration (H) is 
shown a very convenient lo- 


cation for the start-stop button 
of a motor-driven punch. 


June, 1924 


Here’s a good job (at top), but it 
could be improved immensely if 
flexible conduit had been used in- 
stead of tape around the loose 
wires running from the motor to 
the controller. 


I would have used flexible conduit be- 
cause the motor is mounted on a part 
that is capable of being moved on 
the V-rails. The picture at the bot- 
tom illustrates the use of flexible 
conduit. 


nation of these two hoists or lowers 
the bucket), the trolley control and 
the bridge control. Of these four, 
the bucket-opening and bucket-clos- 
ing controls are used most often but 
the bucket-closing control receives 
the most use of all. On one good in- 
_ Stallation I know about, the bucket- 
closing control is located on the floor 
at a convenient height for the oper- 
ator’s right hand and the bucket- 
opening control is similarly located 
on the left side for the operator’s 
left hand. The trolley control, which 
is used more than the bridge control, 
was located overhead with the handle 
hanging down convenient for the 
operator’s right hand. The bridge 
control was similarly located at the 
operator’s left hand. This arrange- 
ment caused the operator the mini- 
mum possible movement of his 
hands when changing from one con- 
trol to another. 

Sometimes the controllers for sev- 


eral machines are located in a row, 


the most used controller being di- 
rectly in reach of the operator while 
the less frequently used controllers 
are reached by moving a little to one 
side. . 

In locating a controller it is often 
convenient to have the motion of the 


controller handle bear some relation 


to the movement of the machine. If 
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the machine is a roll table or the 
trolley of a crane it would only be 
natural to move the handle forward 
and expect the machine to go for- 
ward. On a hoist it is customary to 
move the handle forward for lower- 
ing and pull it back to hoist. This is 
done because with the handle for- 
ward it is easier to look down to 
watch the hook while lowering. 


I had something to say about the 

installation at the left in the April, 
1922, issue, but it’s so good that I 

9 to take another shot at it 
ere. 


The engineers who laid this out and 
the contractor who put aA in, make 
all their jobs look Rike his. The 
job at the right shows an a 
of a similar layout in closer quar- 
ters. Note the convenience of 
starters, the good wiring and general 
safety of these installations. Here 
are good standards to compare your 
own work with. 
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Start-stop buttons or push button 
stations are usually located as near 
to the operator as possible, depending 
of course upon the frequency of use. 
In the case of machine tools they are 
best located directly on the machine. 
Drum master switches are often 
used for starting, stopping and re- 
versing machine tools. In illus- 
tration G on page 276 is shown a 
drum master switch that is operated 
directly from the apron of the lathe. 

Auto-starters, unless remote con- 
trolled, cannot be mounted so con- 
veniently for the operator, but when 
used the starting and stopping of 
the entire drive is not so frequent. 
Consequently, auto-starters or com- 
pensators are commonly mounted on 
a column near the drive. However, 
the auto-starter should not be placed 
on the opposite side of the machine 
so that in an emergency the operator 
has to duck around the machine or 
climb over a pile of machinery or 
material to get at the starter. 

Speed regulators such as field 
rheostats should be located near 
enough to the operator so that he 
can stand at his work and adjust the 
speed to suit the job. However, 
safety must not be sacrificed to con- 
venience in this matter. In any 
case field rheostats must not be lo- 
cated in exposed positions where 
there is a possibility of their being 
hit and damaged. 

Inspection and maintenance should 
be considered when locating this aux- 
iliary equipment. Drum controllers 
should not be located too close to- 
gether or too close to surrounding 
structures, for when the mainte- 
nance man has to stand on his head 
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It is a shame to disgrace a motor 
with such poor wiring. 

I know that you will agree with me 
when I say that I much prefer the 
installation at the right, for it looks 
like it was put in by a man who 
knew how. Notice the neat way the 
conduit is clamped to the framework, 
how flexible metallic conduit is run 
to the motor condulet, the strong 
mechanical connection between the 
flexible conduit and the rigid conduit, 
and the motor condulet. You can't help 
contrasting the wooden foundation of 
one installation with the concrete base 
of the other, the unsightly wiring 
with the neat appearance of the con- 
duit and the open motor terminals 
with the motor condulet. The man 
who installed the job at the right 
omitted putting the padlocks on the 
control enclosures. 


or squeeze himself into a very tight 
place, you can almost be sure that 
he will only make an inspection when 
he has to, and that usually occurs on 
a breakdown, when it is too late to 
take preventive measures. 

Control panels should be accessible 
from both sides. If totally enclosed, 
the rear of the enclosure should have 
doors the same as the front. 

Resistors are usually located over- 
head and high up. In such cases 
provision should be made for a walk- 
way or steps so that the resistors 
may be easily reached. Resistors 
should not be located too close to- 
gether, not only from the standpoint 
of ventilation but also because room 
is needed around them to change 
frames or boxes, and to tighten con- 
nections. Resistor frames should 
not be stacked one on top of the 
other, for in case a quick change is 
required it is always inconvenient to 
change those on the bottom of the 
pile. I have always found it best to 
place resistor frames in a row on a 
rack and tier the racks. The rack 
should be of wood or some better in- 
sulating material. Although the end 
plates of the resistors are insulated 
from the grids, I have found that 
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the insulated rack is well worth the 


trouble of installation. Due to the 
expansion and contraction of the 
frames from heating and because the 
grids cannot be enclosed from the 
dirt of the mill, the heat and dirt 
sooner or later break down the insu— 
lation to the end plates. When this 
happens with resistor frames 
mounted on steel racks an immedi- 
ate shutdown is often required; with 
a similar occurrence on a wood rack 
no shutdown is required, in fact, the 
failure is usually unnoticed until the 
equipment is inspected. 

Marking the ends of wires with 
metal tags will be found a great help 
in shooting trouble and in changing 
equipment. The marking should be 
such that the two ends of the same 
wire may be readily identified and 
show where they are to be connected. 

In many plants the foreman in 
charge of construction puts in the 
job according to his own ideas and 
quite often he is influenced by the 
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ease of installation rather than by 
the ease of operation and mainte- 
nance. To counteract this, some 
plants require the construction fore- 
man to confer with the elec- 
trical maintenance foreman as 
to how the equipment should be 
put in so as to provide for ease 
of maintenance. In one large plant 
I recently visited, the electrical 
maintenance foreman in charge of 
a geographical division of the plant 
supervises the installation of all elec- 


trical equipment. There is a con- 


‘/struction foreman who has charge 


of the construction gang and he di- 
rectly supervises the work, but it 
must be installed to suit the elec- 
trical maintenance foreman. Since 
the maintenance foreman has to 
make the equipment operate, it is 
no more than fair that he should 
have considerable authority as to 
how the equipment is to be installed. 


EASE OF CONSTRUCTION SHOULD BE 
CONSIDERED IN THE LAYOUT 


After an installation has been con- 
sidered from the standpoints of 
safety, continuity of operation and 
convenience of operation, ease of 
construction should receive consid- 
eration. There are many ways to 
make a job easy to erect, but if they 
interfere in any way with the safety, 
reliability (Continued on page 281) 


Here is what a little conduit. a few 
fittings and not a great deal of 
labor will do. 


We all know that the installation on 
the left is sloppy, that it invites rapid 
depreciation of wiring and insulation 
and will soon lead to dangerous 
operating conditions. In fact, it was 
when the operator complained of 
shocks that the wiring was changed, 
as shown in the right-hand illustra- 
tion. The cost of the change was 
about $18, and it would not have cost 
even this much if the work had been 
properly done in the first place. 
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Here Are Details 
of the Job of 
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Rewinding the Field 
Of a Turbo-Generator 


In Record Time Together with the Materials, the 
Emergency Methods and Ingenious Tools Used in 


Doing the Work 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Company 


N IMPORTANT turbo-gener- 
Ae: supplying power to an 
industrial works was partially 
under water during a flood. After 
the flood had subsided the armature 
or stator winding of the machine 
was dried out, tested and found to 
be in a satisfactory condition. The 
field winding, however, was damaged 
beyond hope of any temporary re- 
pair. This was due to the fact that 
the rotor slots were deep and that 
the asbestos insulation between 
turns soaks up water like a sponge. 
It would have been practically im- 
possible to dry out such a rotor 
winding. It was decided, therefore, 
to rewind the rotor. 
This turbo-generator was rated at 
2,500 kw., three phase, 25 cycles, 


two poles, 1,500 r.p.m., 2,200 volts. 
The rotor weighed about 714 tons 
and was 3 ft. in diameter. With the 


WHAT would you do if the 
field winding on one of your 
turbo-generators should fail 
beyond hope of repair? 
Here is an account of a field 
failure, due to the rotor being 
water soaked from a flood, 
that meant a daily loss to the 
works while the turbo-gener- 
ator was out of service. What 
was done, how it was done, 
the emergency methods and 
ingenious tools used in re- 
winding the rotor together 
with the procedure used to 
cut down the time required 
for the repair, are fully de- 
scribed in this article. 
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An emergency. method of rewind- 
ing a turbo-generator field. 


The rotor was blocked up on the small 
turntable and revolved by the six 
men on the ends of the two sweep 
arms. The man sitting on the box is 
guiding in the copper-strap winding. 
Next to him is a man driving the strap 
straight in the slot and making it lle 
snugly. The man on his knees is guid- 
ng the insulating tape between the 
turns of copper strap of the coil. A. 
man behind the girder on the right 
kept tension on the copper strap. 


end discs removed, the length of the 


rotor was 55 in. The rotor was 
rather large to attempt rewinding at 
the power house; so it was shipped 
by auto truck to our service repair 
shop where there were better facili- 
ties for rewinding a machine of this 
sort. 

The job was undertaken with the 
understanding that the work of re- 
winding should continue day and 
night, as the inability to use the 
machine meant a daily loss to the 
concern. 

As soon as it was decided to re- 
wind the field, an order was placed 
with the East Pittsburgh works of 
the Westinghouse Electric & Manu- 
facturing Company, the generator 
manufacturer, for the required 
winding details, such as moulded 
mica cells, asbestos tape, corner 
blocks, and connectors. These were 
to be brought direct from the fac- 
tory by special messenger. 

As soon as the field was received, 
the end discs and the slot wedges 
were removed, thus exposing the 
winding. A walking beam was 
rigged up on the hook of one of the 
shop travelling cranes. From one 
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end of this beam was suspended an 
empty cable reel. The other end was 
arranged so that weights could be 
added to balance the reel as it was 
filled. The copper strap was un- 
wound from one slot at a time and 
wound on to the reel by swinging 
the beam around the rotor. One 
man pulled the copper strap out of 
the slot, another wound it onto the 
reel, while two more men moved the 
beam so as to revolve the reel 
around the rotor. 

There were nine coils in the field 
winding, one in each slot. Each coil 
was wound on a separate reel and 
the beginning and end of the copper 
strap from each coil was stamped 
with a die so as to identify it. This 
was necessary, inasmuch as the coils 
were of five different lengths due to 
the difference in the slot lengths at 
the ends of the rotor. Sixty-five hun- 
dred feet of copper strap 1946 in. by 
322 in. was removed from the rotor. 

After all the coils had been re- 
moved, the old insulation was 
scraped out of the slots and the slots 
were thoroughly cleaned. Each coil 
was unwound from its reel and 
wound on to another while the kinks 
in the strap were straightened and 
the splices remade. The splices 
were originally made with rivets and 
half-and-half solder. These were 
cut off at each end of the splice and 
the ends heated to a cherry red and 
pounded to a tapered fit; then they 
were filed clean and silver-soldered. 
Silver solder is a combination of sil- 
ver and copper and has the advan- 
tage over the half-and-half solder 
of having a much higher melting 
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Coil No.] 

ZT A 

To 45 Turns 
Slip Ring 

2 Coil No.2 

54 Turns 


P Coil Nos 
Pai PEOS 
Center Coil 


j 64 Turns 


Coil No 4 
63 Turns 


Coil No.6 
63 Turns 


Coil No 7 
GO Turns 


Coil No.8 
54 Turns 


Coil No.9 
45 Turns 
Bottom Coil 


To Slip Ring 


The rotor winding has nine coils 
wound in nine slots. 


The number of turns is marked op- 
posite each coil. The heavy lines are 
the connections between coils, which 
are made in the cross-over slot shown 
in the drawing at the bottom of the 
page. 


point and, along with it, consider- 
ably more strength. 

By the time the rotor had been 
stripped and cleaned, the cells and 
other winding details had arrived 
from the factory. The cells were 
made of moulded mica 0.040 in. 


thick. There were four cells and 
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eight half cells or corner pieces per 
slot. The cells and corner pieces 
were so arranged that the top layer 
of the cells overlapped the bottom 
layer of the corner pieces. After 
the cells and corner pieces were in 
place in the slot, two thicknesses of 
0.020-in. mica strip were put in the 
bottom of the cells to prevent the 
first turn from cutting through the 
cell. 

The rotor was blocked up on the 
rotating platform of a turntable ob- 
tained from a local contractor. 
There was not time enough to rig up 
a power-driven turntable; hence the 
manually-driven one shown in the 
illustration on page 279 was used. 
Six men were required to turn the 
machine due to its weight and the 
tension required on the strap copper 
that was wound in the slots. This 
tension was applied by means of two 
fiber blocks bolted together with 
four bolts; the strap passed between 
the two blocks, and the tension was 
regulated by fightening or loosening 
the bolts. This device was fastened 
to the girder at the right in the il- 
lustration at the beginning of this 
article. One man was required to 
regulate this device, while another 
(the®one sitting on the box in the 
center in the same picture) guided 
the copper into the slot. The copper 
had to be tilted as it entered the 
slot, so another man drove the strap 
straight in the slot and made it lie 
snugly. At the left of the picture is 
a man feeding the asbestos insulat- 
ing tape (0.007 in. thick) which was 
the insulation between turns of the 
coil. Ten men were required per 


This diagram shows the connec- 
tions between the slip rings and 
the winding and also the manner of 
ri the connections between 
coils. 


The cross section is made in the plane 
of the axis of the rotor and includes 
the slip rings, the end disc at the 
slip ring end and part of rotor forg- 
ing. After the end disc is bolted to 
the rotor forging, the final connection 


Slip Rings 


Sha ft 


between the slip rings and winding is 


made at A. The connections between oo 
coils are made in a cross-over slot 
which is at right angles to the coil 
slots. The cross section is in the plane | 
of the cross-over slot; this is the rea- 
son that no iron is shown between 
slots. After the coil connections have | 
been made the insulation shown is put | 
in. This insulation is in the form -of 
blocks especially made to fit the cross- 
over slot 
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shift on this part of the operation. 

The coils were wound in the slots 
and connected as shown in the dia- 
gram on page 280. The connections 
between coils were made through. a 
cross-over slot. The cross-over slot 
is located on the slip-ring or lead 
end of the rotor and is at right an- 
gles to, and cuts through, the coil 
slots. It is slightly deeper than the 
coil slots so that connections can he 
made from the starting ends of the 
coils. The connectors are of strap 
ropper bent to pass through the 
cross-over slot and connect to the 
coil ends. The connectors are silver 
soldered to the coil ends. 

The last two turns wound on each 
“oil were taped with 34-in. mica tape 
0.004 in. thick, the next to the last 
turn having one layer half-lapped 
and the last turn having two layers 
half-lapped. This was done to insu- 
late the last turns from the wedges. 

When all the coils had been 
wound in, the slots were filled at the 
corners with asbestos blocks, the 
cross-over slot was filled with as- 
bestos blocks and the wedges 
were driven in. 

As ench coil was finished it was 
given a dielectric test between the 
copper and ground of 3,500 volts, 
from an alterriating-current, 60-cycle 
supply. The complete winding after 
it was finished was given a similar 
test with 2,500 volts for one minute. 

The rotor was now ready to have 
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The end discs are bolted to the ro- 
tor forging above and below the 
parallel slots in the forging. 


The rotor shown here is similar to the 
one on which the repairs were made. 
The only difference is that it has ten 
slots instead of nine. 


the end discs put on and the connec- 
tions made to the slip rings. These 
connections were made as shown in 
the diagram on page 280. The con- 
nector from the top coil is pulled 
through the passage in the end disc 
as shown in the diagram. After the 
end disc has been bolted to the rotor 
forging, the connector from the slip 
ring was spliced to the winding 
connector as shown at A. The same 
thing was done with the connector 
for the other end of the winding and 
the connector to the other slip ring. 
This is done on the other side of the 
shaft. This diagram also shows the 
manner of making the connections 
between coils in the cross-over slot. 
Rewinding this rotor required a 
period of ten days. It was then sent 
back to the power house from which 
it came, installed in the turbo-gen- 
erator, and after being tested and 
balanced it was ready for service. 


Ten men were required per shift on 
this rewinding job. 


Six men, three on each sweep, turned 
the rotor; one man adjusted the ten- 
sion on the copper strap (this man is 
behind the girder) two men are guid- 
ing the copper and insulating tape, 
while the tenth man is driving the strap 
so as to make it snug. 
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Improving Wiring 
Around Machinery 


(Continued from page 278) 


or convenience of operation of the 
drive they should be discarded. Con- 
duit and wiring should be installed 
with the idea that the wires will be- 
come grounded within a few weeks 
and it will then be necessary to pull 
out all of the wires. If this thought 
is kept in mind, everything will be 
large enough to do a good repair job 
and consequently less trouble and 
scheming in finding out how to go 
about it will result. 

Large junction boxes often make 
a job much easier to wire, especially 
if there are a considerable number 
of pipes that can be brought to- 
gether at one point. I recently saw 
one job in which a very clever use 
of junction boxes had been made. 
It was on a hot metal crane of an 
open hearth. On this crane the cab 
is a long leg that reaches nearly 
half way to the ground. This leg is 
divided into four stories. The bot- 
tom story contains the master con- 
trollers, of which there were six (a 
two-trolley crane with three sepa- 
rate hoists) and the crane protective 
panel. The three upper floors con- 
tained the control panels. The sup- 
ply came from the collectors at the 
top of the cab. Large junction 
boxes were located on the back of 
the cab, one to each floor. These 
junction boxes were about a foot 
high, and extended the full width of 
the back of the cab. The proper 
number of conduits were run ver- 
tically connecting the junction boxes; 
also, conduits were run horizontally 
from each junction box to the con- 
trol panels on the corresponding 
floor and also from the bottom junc- 
tion box to the master controllers. 
Conduits were run from the main 
co'lectors and from the trolley col- 
lector bars to the top junction box. 
Here was a simple way to wire six 
control panels, nine motors and six 
master controllers in a very acces- 
sible manner, using no excess con- 
duit and taking up a minimum space 
for wiring. 

Elbows should be used wherever 


- possible instead of a condulet with 


outlets at right angles because they 
cost less and wire can be pulled 
through them more guickly and eas- 
ily. However, with the larger sizes 
of wire it is not always easy to pull 
the wire around very many elbows. 
The 1923 (Continued on page 305) 
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A GREAT DEAL of uncertainty 
prevails as to the methods and the 
value of potential to be used when 
making dielectric tests on equip- 
ment that has been in service for 
some length of time. This article 
discusses these subjects from the 
operator’s viewpoint and also out- 
lines the steps to be taken and the 
things to look for before the insula- 
tion is tested for defects by the ap- 
plication of high voltage. 


How to 
Check Up the 


Insulating 
Condition of 
Windings 


In an A. C. Machine 
Together With Inspection 
Procedure and Cleaning 
Methods Before Making 
Dielectric. Tests 


NE OF THE fundamentals 
() of successful operation of 


electrical generating equip- 


ment is frequent, thorough, and sys- 


tematic inspection. Such inspection 
will often give warning of approach- 
ing trouble and thus allow the oper- 
ator to.take precautions that will 
prevent a serious breakdown and 
consequent damage to the generating 
equipment. 

It is the practice in some plants 
to inspect each generator every day. 
This is an excellent precaution and 
highly recommended. It is under- 
stood that operating conditions may 
not permit such frequent inspection 
but nothing should interfere with 
the thorough inspection of each ma- 
chine as soon as it is shut down. No 
definite rule can be laid down, but 
the principle should be recognized 
that frequent inspections are vital 
to the proper maintenance of all 
generating equipment. All inspec- 
tions should be thorough. While a 
casual inspection is perhaps better 
than none, the value of an inspection 
depends on the care used in mak- 
ing it. 

The inspection should always in- 
clude the armature windings and 
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field coils of the main generator, in- 
sofar as they are visible and acces- 
sible, the armature, field coils, and 
commutator of the exciter (if there 
is one), the collector rings, all 
brushes and brush-holders, bolts, 
nuts, dowels and all other mechan- 
ical and electrical parts and fittings. 
Lubricating oils are injurious to in- 
sulation and also to concrete founda- 
tions, and all bearings and oiling 
systems should be examined for oil 
throwing and leaks. In the case of 
steam turbines, the turbine itself 
so far as possible, and the valves, 
valve gear, governor, throttle, gov- 
ernor-control motor, bearings and all 
other accessible parts should be in- 
cluded. 

Haphazard inspection by anyone 
in the plant cannot be considered 
systematic. A definite routine of in- 
spection should be standardized and 
every part should be taken up in or- 
der. Superintendents should com- 
pile a list of all parts subject to in- 
spection and insist that inspectors 
use this list, checking off each item 
as it is examined. The inspector 
should be thoroughly familiar with 
what to look for and should be 
drilled in his work so as to guard as 
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Dirt should be removed from all 
accessible parts of the winding. 


Loose dirt can be brushed off by wip- 
ing or by compressed air. Oil-soaked 
dirt may be removed with line, | 
benzine, or carbon tetrachloride. Im- 
portant places to clean are the points 
where the coil is adjacent to the slot 
and around the clamping supports, as 
well as where the end turns cross 
each other. » =A 


much as possible against the omis- | 


sion of any part. 


WAYS OF CLEANING AND PRESERVING 
l INSULATION OF WINDINGS 


All generating equipment will ac- 
cumulate dust and dirt in the course 
of time; even the use of air washers 
does not altogether eliminate this 
trouble. This dust and dirt lodges in 
the air ducts and on the ends of the 
windings, interfering with the free 
circulation of the cooling air and the 
radiation of heat from the windings, 
and at the same time increases the 
fire hazard. 

The life of generating equipment 
may be prolonged by frequently 
blowing out the dirt with compressed 
air. In large turbo-generators this 
is a difficult matter, if indeed it is 
possible, owing to the design of the 
generator frame and end bells. On 
other types of machines, however. 
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such as engine-type generators, the 
air ducts and windings are more ex- 
posed and are accessible for this 
form of cleaning. If possible, the 
compressed air should be used every 
day but, before doing so, care should 
be taken to make sure that the air 
stream is free from water. 

All generating equipment should 
be thoroughly cleaned once a year 
or more, if operating conditions are 
such as to require it. Special at- 
tention must be given to machines 
operating in localities where the air 
is contaminated with dust, lint, coal, 
dirt, cement dust, and the like. Un- 
der such conditions, arrangements 
should be made for a thorough 
cleaning at frequent intervals. To 
insure that this periodic cleaning be 
thorough, the end bell covers and 
similar parts should be taken off to 
expose fully the end turns of the 
windings and the air ducts. The re- 
volving field should also be removed, 
so that it can be cleaned and exam- 
ined, and at the same time permit 
the cleaning and inspection of the 
inside of the armature. 

Loose dirt can be removed by wip- 
ing, brushing, the use of compressed 
air, bellows, or by some form of vac: 
uum cleaner. Should dirt and dust 
be lodged with oil, it may be re- 
removed with gasoline. benzine or 
carbon tetrachloride. In using any 
of these, limit the quantity to that 
required for the purpose in hand. 
Too much liquid is liable to flush the 
dirt into inaccessible places. After 
using any of these solvents, all the 
surfaces to which they have been 
applied should be carefully and thor- 
oughly dried. Care should be exer- 
cised when using gasoline or benzine 
because of their inflammable prop- 
erties. Special attention should be 
given to ventilation, not only be- 
cause of the danger of explosion but 
also because the fumes of all three 
are injurious to the workman, par- 
ticularly if working in a pit where 
fumes are likely to collect. In us- 
ing gasoline care should be taken to 
obtain a good quality, since a poor 
quality is liable to leave a coating of 
oil or other substance on the wind- 
ings and in inaccessible places, which 
will cause the rapid accumulation of 
dirt and dust. Test all gasoline that 
is to be used for cleaning purposes, 
by allowing a small quantity to evap- 
orate in a porcelain dish. If the 
quality is good, no residue or odor 
will remain. After cleaning and be- 
fore re-assembling the parts, spray 
the exposed windings with a high 
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Engine-type machines such as this 
are easy to clean. 


By sliding the stator to the left the 
stator winding is exposed for cleaning 
and all portions of the rotor are made 
accessible for maintenance work. 


grade of air-drying, insulating var- 
nish. While the machine is disas- 
sembled, all electrical parts and 
connections and all mechanical parts 
should be carefully examined and 
such tests applied as may be eonsid- 
ered advisable. 


GENERAL PROCEDURE FOR MAKING 
DIELECTRIC TESTS 


No definite rules can be estab- 
lished for testing generating equip- 
ment that has been in operation for 
any length of time. The permissible 
test depends particularly on the age 
of the machine, on the character of 
the service to which it has been sub- 
jected, and on the type of insulation 
used on the windings. All insula- 
tion deteriorates with age and use, 
particularly where organic material 
forms a large part of the total insu- 
lating material. 
one that has been subjected to severe 
operating conditions will not stand, 
nor should it be subjected to, the 
same test that might be applied with 
safety to a comparatively new ma- 
chine. 

There comes a time in the life of 
all equipment when the deteriora- 
tion reaches the point of breakdown 
and, when this occurs, expensive re- 
pairs are usually the result. For the 
purpose of enabling operators to 
determine the approach of this con- 


An old machine or, 


dition, various tests have been de- 
vised and are now in use. 

The “megger” and other similar 
devices are frequently used to mea- 
sure the resistance of the insulation. 
There are many factors which call 
for experience and good judgment in 
interpreting the results obtained 
with these instruments; however, 
they are very widely used. 

The combination of high voltage 
(at least as high as that of the ma- 
chine under test) and direct cur- 
rent gives very satisfactory results. 
A new way of obtaining this combin- 
ation is by the use of the kenotron 
measuring set. With this set the 
condition of the insulation is de- 
termined by measurement of the 
leakage current through the insula- 
tion to ground. 

There frequently arises the ques- 
tion of applying a_high-potential 
test, or what might be called a gen- 
erated over-voltage test (running 
the generator at over-voltage by in- 
creasing the excitation or speed, or 
both) to determine the condition of 
the insulation. The answer must 
take into account the various insu- 
lating materials used, the age of the 
machine, and the operating condi- 
tions, particularly regarding over- 
loading and periodic examination . 
and cleaning. General approval in 
the abstract, at least, will be ac- 
corded the statement that 'the insu- 
lation of all generating equipment 
should be maintained in such condi- 
tion as to withstand safely the ap- 
plication of a 50 per cent over-volt- 
age test.” (Continued on page 306) 


284 


Here are Some 
Practical Suggestions on 
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Best Ways to Use 


Insulating Varnish 


When Protecting Windings Against Moisture, Oil, 
Metallic Dust and Insulation Troubles Arising 
From Various Other Causes 


By H. L. HAZELTINE 


Engineer of Insulation, The Sterling 
Varnish Co., Pittsburgh, Pa. 


EFORE attempting to decide 
B on the insulation for a given 

piece of apparatus, the nature 
of the service to which it is to be 
subjected must first be carefully 
studied and the proper kind of var- 
‘nish chosen that will give the best 
results. 

Next the structure of the appara- 
tus should be examined closely, par- 
ticularly as to the insulation other 
than varnish that has been used, so 
that the method of applying the var- 
nish may be so varied as to provide 
the exact degree of protection de- 


sired.: The general type of the 
liquid insulation will not be changed 
by the type of the coil, but it may 
be necessary to change the consist- 
ency at which the material is to be 
applied. 

When insufficient attention has 
been paid to these details trouble is 
quite often experienced and it has 
been the custom in the past to lay 
these difficulties at the door of the 
particular varnish used. The rule 
then seems to be to change the var- 
nish without further investigation. 
Occasionally the problem may ap- 
pear to be solved—not because the 
new varnish is a cure-all but be- 
cause the method of treatment hap- 
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This photograph was taken in the re- 
pair shop of Huntington & Guerry, Green- 
ville, S. C., and shows dipping and var- 
nish tanks and drying ovens used in con- 
nection with motor and transformer re- 
pairs. After dipping and baking opera 
tions, a coat of air-drying varnish applied 
by brush or spray provides an insurance 
against breaks in the continuity of the 
baked film. 


e 


pens to be right for the particular 
kind of work involved and the par- 
ticular kind of varnish used. But 
when attention is directed to a new 
job, the trouble often returns and 
the same process of changing var- 
nishes has to be gone over again. 
The source of the difficulty often ac- 
tually lies in some minor change that 
has been made in the manufacture or 
design of the apparatus. The 
trouble can then be remedied by 
modification in the method of treat- 
ment. For example, a change from 
an untreated cotton tape to a var- 
nished cambric tape demands a 
change, not in the varnish, but in 
the application. 

Considerable throwing of varnish 
has been noticed in the case of high- 
speed armatures where a change has 
been made from a partially-closed 
slot to a straight slot. This was not 
due to a change having been made in 
the varnish formula, as was first 
supposed, but to the fact that the 
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throwing was never observed with 
the former design, although it did 
occur. 

It is not always necessary to 
change the type of varnish when 
trouble develops unless, of course, 


the results previously obtained were 


not all that was to be desired and un- 
less these results cannot be im- 
proved upon. Sometimes a modifica- 
tion of the treatment solves the 
problem. 

It will be impossible in this ar- 
ticle to discuss the proper way of 
handling all kinds of work. It will 
be necessary, therefore, to confine 
ourselves to a discussion of the gen- 
eral principles involved in securing 
specific results and leave the varia- 
tions to be worked out by the indi- 
vidual. 

In describing the different meth- 
ods of varnish treatment to secure 
protection against the various ex- 
ternal conditions such as water, 
acids, oil and metallic dust, it must 
be remembered that we are dealing 
with simple cases, such as where wa- 
ter resistance is the sole considera- 
tion. Hence in our selection of the 
proper material we are not allowing 
ourselves to be influenced by such 
considerations as the mechanical or 
binding strength demanded, or other 
complications, such as water resist- 
ance plus oil resistance. The meth- 
ods of treatment will be the same. 


The only variation necessary will be . 


in the nature of the varnish used. It 
is believed that the user, once he un- 
derstands the simple principles in- 
volved, will be able to so combine the 
recommendations made with his pre- 
vious knowledge of varnish as to 
enable him to adjust his methods to 
the most complicated cases. 


MAKING COILS WATERPROOF 


Case 1—Treatment. of Coil with- 
out Impervious Insulation for Low- 
Voltage Service.—The simplest case 
is that of the coil wound with cot- 
ton-covered copper wire and then 
taped with cotton or linen one-half 
lapped, having no impervious insu- 
lation to retard the passage ve the 
varnish into the coil. 

To obtain perfect moisture 1 
ance the varnish chosen should be 
one that has been carefully designed 
so that the dried film will. not. only 


„shed water but will not absorb. any 


through its surface. 
'Phe` service which will test the 
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TO SECURE the proper elec- 
trical insulation for a particu- 
lar job is a problem in which 
guesswork cannot be success- 
fully used, especially when it 
comes to the matter of var- 
nish application. When the 
fundamental principles in- 


volved are once thoroughly 
understood, however, the de- 
tails of the actual work are 


not at all difficult. Insula- 
tion against electrical stress 
calls for a procedure that 
will provide for external or 
atmospheric conditions and 
mechanical strains. In this 
article Mr. Hazeltine takes 
up the practical details of 
methods that can be used un- 
der different operating and 
service conditions. 


ture. This is much more severe 
than high-voltage service, even when 
coils are actually submerged in wa- 
ter, because there is little heat gen- 
erated in the coil itself and hence 
the moisture that may penetrate will 
not be driven off again in the form 
of vapor, as would be the case in the 
latter service. 

General Requirements.—To insure 
perfect moisture resistance, it is ab- 
solutely essential that the coils be 
completely sealed. That is, the coat- 
ing. of varnish must be perfectly 
smooth and glossy and there must 
be no breaks in the continuity, such 
as cracks in the varnish film. Fur- 
thermore, all untreated tape is cov- 
ered with many fine hairs which 


tend to pierce the varnish coat. 


When they do their action is like 
that of a wick and moisture is drawn 
from the air by capillary attraction 
into the interior of the windings. 


-These fibrous hairs must be com- 


pletely covered and many coats of 
varnish will be required. Time and 


production expense can be saved by 
singeing . the coils before varnish 


treatment. This can, be done by 
drawing them rapidly through an 
open gas flame, taking particular 
care that the movement is suff- 
ciently rapid so that while the hairs 


are burned off the tape does not ac- 


tually catch fire. This will remove 


most of the hairs but, of course, 
some may be left which must be cov- 


ered. 


protection obtained to the utmost is. Method of ` Application. — First 


when the finished coil is to be oper- 
ated on low voltage intermittently 
and subjected to atmospheric mois- 


en on 


heat the coils in an oven at 212 deg. 
F. for a sufficient length of time to 
drive out all moisture and occluded 
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air from the windings. This pre- 
heating is important, since the var- 
nish cannot completely fill the coil 
and so conduct the heat from the in- 
terior as long as stagnant air or 
moisture remains. Remove the coil 
from the oven and immerse it while 
still hot in a tank of varnish and al- 
low it to remain until all bubbling 
has ceased, and longer if possible. 
The air in the coils being rarified 
draws the varnish into the inter- 
stices. When bubbling stops it is an 
indication that the varnish has re- 
placed the air fairly well, but the 
action will continue for about 15 or 
20 min. longer. 

Withdraw slowly and drain for a 
sufficient period to allow the varnish 
to partially set. Too much emphasis 
cannot be laid upon proper draining 
as otherwise the varnish may collect 
in pockets and make the thorough 
drying very difficult. Next place the 
coil in a well-ventilated oven and 
bake at any temperature desired that 
will not injure the fibrous insula- 
tion. It is advisable during this 
bake to reverse the position of the 
coils so that the top during drain- 
ing is at the bottom during baking. 
This insures a much more uniform 
coating, since the first effect of the 
heat upon the varnish is to soften it 
and cause it to flow. By this revers- 
ing the heavy accumulation on one 
side is largely avoided. 

Upon removal from the oven, sand- 
paper lightly so as to smooth down 
any unevenness caused by the fibres 
that may have been left after singe- 
ing. 

The first application is the filling 
coat. Since the varnish contains 
considerable solvent which on evap- 
orating leaves some space unfilled, 
other applications must be made in 
exactly the same manner in order to. 
secure the perfect seal already de- 
scribed. Even with the careful 
singeing and sandpapering, several 
applications will be necessary—three 
or four at least. This may be fol- 
lowed by a coat of air-drying var- 
nish applied by brushing, dipping or 
spraying. The function of this lat- 
ter material is simply an insurance 
against any breaks in the continuity 
of the baked film. 

Unfortunately this elaborate 
process of treatment is costly. It is, 
therefore, recommended only where 
the moisture condition is severe and 
extreme measures must be taken for 
protection. 

In order to cut down production 
costs many shops omit the singeing 
and sandpapering operations alto- 
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gether, although they serve to re- 
duce the number of coats required. 
In such shops as many applications 
of baking varnish as are practicable 
are applied and are followed by one 
or more very heavy applications of 
an air-drying or finishing varnish. 
In this method, since much depend- 
ence is placed upon the air-drying 
product, care must be used in its se- 
lection. Results obtained by this 
practice are surprisingly good. 

Remarks.—It matters little how 
the final protection is secured so long 
as it is borne in mind that perfect 
moisture resistance can only be ob- 
tained when a perfectly smooth, 
glossy coat of enduring varnish has 
been applied having no breaks in 
the continuity. Do not use an alco- 
hol-solvent, finishing varnish to pro- 
tect against extreme moisture con- 
ditions. 

Case 2—Treatment of Coil with- 
out Impervious Insulation for High- 
Voltage Service —As mentioned be- 
fore, if this same simple coil is to be 
subjected to high-voltage service 
where considerable heat will be de- 
veloped, such great care need not be 
taken to obtain the perfect seal, 
since the moisture which finds its 
way into the interior will be evapo- 
rated during the period of operation. 
Any type of baking varnish could be 
used. with the expectation of obtain- 
ing good results, even though the 
coil were actually immersed in wa- 
ter during the operation. More care 
must be taken, however, to be sure 
that the coil is well filled. Dead air 
is a non-conductor of heat. If it is 
allowed to remain inside the wind- 
ings it will, therefore, prevent the 
free passage of heat from the in- 
terior of the coil to the exterior. 

If an insulation test is to be made 
upon the finished coil it will be best 
to use the same amount of care in se- 
curing a perfectly covered and sealed 
outer surface as in the first case. 
Otherwise the moisture in the wind- 
ings will give a low value to the re- 
sistance when taken cold, although 
during the operating period this will 
rise rapidly due to the heat gener- 
ated. The same general method of 
application should be followed as has 
already been outlined in Case 1, with 
those variations necessary to fit the 
shop requirements of the individual. 

Case 8—Treatment of Coils Hav- 
ing Impervious Layer Insulation for 
Low-Voltage Service.—We will next 
take a layer-wound coil having 
treated or untreated paper between 
each layer. It is almost impossible 
to thoroughly dry a varnish on the 
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inside of such a coil by the applica- 
tion of heat from the outside, since 
the only places for the solvent to 
escape and for air to enter for the 
oxidation of the drying oils are 
through the ends. 

Method.—When such coils are to 
be operated on low voltage thorough 
impregnation with varnish is un- 
necessary, since little or no heat will 
be generated which must be trans- 
mitted from the interior of the 
windings to the exterior. 

It is best, therefore, first to pre- 
heat as before and then quickly dip 
while still hot into a bath of a very 
heavy, viscous varnish. Remove at 
once allowing the coil to remain only 
a few seconds at most. Drain and 
bake as before. The varnish being 
very heavy and the coil being in the 
bath for a very short time, little 
more than an outside coat will be ob- 
tained. The varnish should not pene- 
trate much more than one-quarter or 
one-half inch. As many additional 
applications must be made as will 
be required to obtain the perfect 
seal before described. 

Case 4—Treatment of Coils Hav- 
ing Impervious Layer Insulation De- 
signed for High-Voltage Service.— 


Armatures should be dipped ver- 
tically with the commutator end up. 


The varnish should be thinned to such 
a consistency as to give maximum pen- 
etration and clean draining. The 
commutator end should be up, other- 
wise varnish may lodge under the com- 
mutator bars and be carbonized by the 
heat in service, causing short circuits. 
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When, however, coils of this type are 
to be operated on high voltage where 
considerable heat will be developed, 
thorough impregnation must be ob- 
tained. 

Compound Method.—A solid com- 
pound could be used, forced in by 
means of the vacuum-pressure im- 
pregnation system, providing its 
melting point is sufficiently high so 
that it will not be liquified and run 
out when the coil is in operation. 
Finishing coats of an air-drying var- 
nish should be applied afterwards so 
as to insure perfect water resist- 
ance. A baking product would not 
be suitable in this case because of 
the danger of liquifying the com- 
pound during the baking and forc- 
ing it out through the partially dried 
varnish film. 

Varnish Method.—If a varnish is 
preferred it may be applied by 
brushing a thin coat on each layer 
as it is wound. A fairly rapid dry- 
ing product should be used and the 
paper layer insulation drawn 
tightly so as to squeeze out as much 
solvent and excess varnish as pos- 
sible. After the coil is wound it 
should be thoroughly baked, then 
taped and given additional surface 
treatments in the same manner as 
above. 

Case 5 — Treatment of Coils 
Wrapped with an Impervious Tape. 
—Coils which are to be wrapped 
with varnished cambric or Empire 
cloth after winding, such as motor 
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field coils,- should receive one or 
more applications of varnish as de- 
scribed under Case 2 before the out- 
side taping is done. Stay tape or 
clips may be used to hold the con- 
ductors together during this opera- 
tion. After the varnish has been 
properly baked the clips may be re- 
moved and the varnished cambric 
put on, and over it the cotton tape. 
Then apply as many coats of var- 
nish as may be required to provide 
a seal that will be perfectly imper- 
vious to moisture. These later ap- 
plications serve not only to cover 
the cotton tape but to seal the edges 
of the treated tape underneath. 

Treatment of Field-Coil Assem- 
blies.—It is always good practice in 
the case of d.c. field coils, especially 
where the. motor is subjected to 
heavy duty, to immerse and bake the 
whole frame in varnish after the 
- coils have been bolted in place. This 
serves to cover any abrasions that 
may appear in the treated surface 
due to handling during assembly. If 
connections are made after the coil 
has been bolted down the process 
serves to cover the joints with a 
smooth glossy surface which pre- 
vents water from getting in and 
creeping down into the coil under- 
neath the insulation. 

Case 6—Treatment of Armatures 
or Stators.—It is the practice in 
many shops to wind armatures or 
stators of small size with white or 
untreated coils and then dip the 
complete armature in a baking var- 
nish. If this is done some slight 
degree of moisture resistance is usu- 
ally sacrificed in order to provide 
mechanical or binding strength as 
the purpose of dipping complete ar- 
matures is to hold the coils in place 
and prevent their vibration, to fill all 
cracks between coils so as to prevent 
the deposition of dirt or moisture, to 
seal the laminations and prevent 
their vibration, to cover the iron and 
prevent rust and to protect against 
oil which may be splashed on the 
windings. 

Method.—The armature should be 
preheated and dipped vertically, 
commutator end up, in a varnish 
thinned to such a consistency as to 
give maximum penetration and clean 
draining. The commutator end 
should be up because otherwise var- 
nish may lodge underneath the com- 
mutator bars and later be carbon- 
ized by the heat in service, thus 
causing short circuiting. Great care 
should be taken to provide thorough 
draining so as to guard against 
pockets of. partially-dried varnish 
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Special] attention should be paid to 
the oven. 


Baking varnishes dry by oxidation and 
therefore require a considerable quan- 
tity of fresh air during the drying 


period. See that this air supply is 
properly assured and then see that the 
proper temperature is being obtained. 


which may be thrown out by centrif- 
ugal force when the machine is in 
operation. It may be necessary in 
some cases to tilt the armature dur- 
ing the draining period to prevent 
this. 

If the varnish is allowed to set 
partially before baking, the shafts 
and other iron parts may be cleaned 
by washing with benzine. The ar- 
mature should be baked in a vertical 
position so as not to throw it out of 
balance by too great an accumula- 
tion of varnish on one side. If it is 
absolutely necessary to bake hori- 
zontally the armature should be ro- 
tated a quarter turn every 15 min- 
utes during the first hour or two of 
baking. Several treatments should 
be given so as to obtain a smooth, 
glossy surface which will easily shed 
water. 

Protection for the Weak Points.— 
It must be remembered, however, 
that this treatment alone will not 
produce an absolutely water- and 
moisture-proof job. An insulation 


‘resistance test may show up badly 


after the armatures have been in 
storage for some time. This test is 
usually made from coil to ground 
and hence one must look between the 
conductors and the core for the 
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source of difficulty. The weakest 
points are where the coil enters and 
leaves with the iron. Special atten- 
tion must therefore be paid to the 
slot insulation. 

If Empire cloth or varnished cam- 
bric is used it may be put in the slots 
or it may be simply added to the 
coil insulation. If the latter is done 
it will be better to treat the coil 
first before assembly and before the 
tape is put on. In any case the im- 
pervious insulation should extend at 
least W% in. beyond the ends of the 
slots so that the coil insulation will 
not be cut by the sharp edges of the 
outer laminations. It is the custom 
in the larger motors to treat the 
coils first in the manner just sug- 
gested. After the treated tape and 
the white outer tape have been put 
on they may be singed or sandpa- 
pered and then additional varnish 
treatments given to provide a 
smooth, glossy finish. The varnish 
for such work should be a somewhat 
elastic product; that is, one that 
when dry will not crack or peel when 
the coil is pulled or bent when it is 
assembled. After the coils are in 
place the complete armature should 
be given one or more dipped coats 
for the reasons mentioned in the 
first paragraph of this case. The 
varnish, however, for this latter 
operation should be of the hard, bak- 
ing type since one of its chief re- 
quirements is mechanical strength to 
hold the coils in the slots and pro- 
tect them against injury due to vi- 
bration. 

Remarks.—One of the disadvan- 
tages in this practice of dipping and 
baking the complete armature is 
that when repairs are needed it is 
practically impossible to lift a coil 
and a complete rewind is usually nec- 
essary. On the other hand the coils 
do not have to be replaced so often, 
since burnouts caused by the wear- 
ing away of the insulation by vibra- 
tion are largely eliminated. Another 
advantage is that insulation which is 
bruised in assembling the coils is 
completely covered and sealed. The 
advantages gained by the practice 
are so great that they completely 
overbalance the disadvantages. 

Armatures that come in for re- 
pairs, particularly those subjected to 
heavy duty, should be thoroughly 
cleaned, given a single dip in var- 
nish and baked in order to renew the 
life of the insulation. This is, of 
course, in case a complete rewind is 
unnecessary. Not only is the insula- | 
tion renewed in this manner but 
laminations (Continued on page $06) 
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SUBSCRIBER re- 

How Much cently wrote: “I 
Do You Know have just received my first 
} 9 copy of INDUSTRIAL ENGI- 
About Your Work: NEER and read it from 
cover to cover. I am very 


much interested in it, particularly the Question and 
Answer Department. In order to prove this I am tak- 
ing the liberty of sending answers to two of the ques- 
tions asked by readers.” 

INDUSTRIAL ENGINEER is written for the men who 
carry the practical responsibility of keeping the elec- 
trical and associated mechanical systems of industrial 
works in proper operating condition. It constitutes a 
permanent record of their work and the methods used 
in performing this work. 

The Question and Answer Department is conducted 
as a means of rendering the fullest possible service to 
the readers of INDUSTRIAL ENGINEER. It is the medium 
through which any reader can obtain the information 
he desires on any problem that comes up in his daily 
work. His question will be answered by other readers 
who have solved the same problem in a practical and 
satisfactory manner. Conversely, this department af- 
fords every reader an opportunity of helping his fellow 
workers in the solution of problems that are of mutual 
interest. 

If one desires neither to ask nor answer questions 
he can still spend a very profitable hour or so in read- 
ing the new questions and determining for himself 
how many of them his experience or education would 
enable him to answer. These questions cover a wide 
range of practical problems in the installation and op- 
eration of electrical and mechanical equipment. They 
are a bird’s-eye view of the maintenance problems en- 
countered daily in the industrial works of this country. 
To answer a question may require the knowledge gained 
by years of practical experience; or it may depend on 
the proper application of some half-forgotten fact or 
principle. 

In any event the list of questions published each 
month in INDUSTRIAL ENGINEER affords an excellent 
means of testing the quality and extent of your infor- 
mation and ability to handle the maintenance problems 
of an industrial works. 
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Read carefully the questions in this issue. For 
your own sake outline in your mind the answers to as 
many questions as possible. If you think your answers 
will be helpful to the readers who asked the questions 
send the answers to us. 


— —— — 


N ALMOST any plant 
where load tests on mo- 
tors are not regularly made 
some surprising leaks can 
be discovered with a set of 
indicating and recording 
meters. In one particular plant where such a test was 
made on ten induction motors totaling 355 hp., it was 
found that six of them were underloaded to such an 
extent as to operate at an objectionably low power fac- 
tor and that the friction load was 142 hp. By simply 
rearranging the motors so that the ratings were more 
suited to the maximum loads, one 25-hp. moter and one 
50-hp. motor were discarded and the loads distributed 
among the remaining eight. By adjusting the belting 
and shafting the friction load was reduced from 142 hp. 
to 108 hp., the efficiency of the motors increased an av- 
erage of about 2 per cent and the power factor of the 
motors increased from 3 to 12 per cent. 

The cost of this rearrangement was $282, but the 
actual saving in energy required the first year after 
the change was $1,441, through a reduction of 30 kw. 
in the load which amounted to a saving in the power 
bill of 69,920 kilowatt hours. 

This installation furnishes a practical example of 
the cost of negligence or indifference to simple main- 
tenance problems such as adjusting belt tension, avoid- 
ing complication in shafting and drives through re- 
arrangements of machinery, attention to lubrication, 
knowing the actual loads carried by motors and check- 
ing same with nameplate ratings, checking the actual 
time certain motors are standing idle, and other oper- 
ating conditions that change with changes in arrange- 
ments of machines or the work done on them. An in- 
vestment in a set of portable indicating and recording 
testing instruments and load checks on all motors at 
least four times a year will usually pay a nice profit. 
Besides, the data thus made available will eliminate a 
lot of guesswork when new power drives are to be in- 
stalled. 


_Passible Savings 
By Motor 


Rearrangements 


— eo 


NLY too often is wir- 


What Makes ing about machinery 
A Good considered a matter of 

— 9 bending pipe and pulling 
Wiring Job: wire. In the article on 


page 275 of this issue and 
the one that appeared in the May issue some other side 
lights, such as safety, continuity and convenience of 
operation, and ease of construction, have been thrown 
on this subject. Before the wiring job is considered 
complete and the machine ready for operation, a care- 
ful inspection should be made of all parts of the instal- 
lation, followed by tests made on the apparatus con- 
trolling the machine. 

This calls to mind the case of a 1,000-kw. rotary 
converter operating in a large industrial works. This 
machine was given a superficial examination and then 
started up and thrown on the line. For several months 
the machine operated satisfactorily; then during a 
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period of heavy production it failed due to a grounded 
field. Changing the field on this particular machine 
was a half-day’s work for a gang of six men. Produc- 
tion in. the plant was interrupted and an unnecessary 
loss entailed. 

A very careful examination and test disclosed 
the fact that the field discharge resistance was incor- 
rectly connected to the field switch. The field switch is 
opened and reversed on this machine only when it is 
necessary to “slip a pole” to make the direct-current 
polarity come right. It so happened that the polarity 
on this machine usually came right of its own accord 
without the necessity of slipping a pole. Consequently 
the field switch was rarely used. However, it was used 
often enough to cause the field insulation to break down. 

Wiring about machinery is only half done when 
all the equipment is installed. Before the job is con- 
sidered as complete, a careful inspection should be made 


of all parts, followed by tests of all connections and 


apparatus. Only after this inspection and tests should 
the machine be put in operation. 


—————__<f>-___- 


NDUSTRIAL plant men 
after an application of 
good paint, brush and 
broom have noticed some 
interesting results which 
had not been entirely an- 
ticipated, unless these men had had similar experi- 
ences before and knew what would happen. Many of 
these campaigns are no doubt the application in indus- 
try of the good housewife’s spring housecleaning. One 
of the best excuses for getting the average industrial 
man to apply white paint to the interior of factory 
buildings is, that he can get a greater application of 
light usually with a decrease in the lighting bill. A de- 
creased accident hazard is another result which goes 
hand-in-hand with better lighting and brighter sur- 
roundings. l 
There is another point, however, which is not so gen- 
erally considered—the effect upon the morale of the 
workers. For example, in one gas generating plant the 
operators were required to make written reports of con- 
ditions every five minutes. The reports had become so 
undecipherable that they could not be read and, in addi- 
tion, the men made numerous mistakes through inabil- 
ity to decipher their own writing correctly and make 
proper subtractions and additions. The superintendent 
finally gave each man a broom and required him to keep 
the space at his own machine brushed up. An almost 
simultaneous improvement in the appearance and legi- 
bility of the reports was noticed with the cleaner floor. 
In a large printing shop and bindery the superintend- 
ent insists on a clean shop. The men whose duty it is 
to prepare the glue at one time insisted that their room 


By-products of | 
Paint-up— Clean-up 
Campaigns 


could not be kept clean because glue stuck so to the- 


walls and floor. The superintendent ordered the whole 
room painted white so that they could clean any spat- 
tering of glue before it had time to dry. This removed the 
only excuse for a dirty shop. This plant specializes in 
high-grade printing and, according to the superintend- 
ent, could not maintain this quality if it were not due 
to the high standard of cleanliness and neatness re- 
quired in the shop. After all, human nature is about 
the same everywhere and if you can’t get around peculiar 
notions one way, try another. It will be more effective 
and less disagreeable than the “bawling-out” treatment. 
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ROPERLY maintained 

equipment never wears 
out and replacement of it is 
only occasioned by obsoles- 
cence, inadequacy, change 
in art, or economies and 
improvements. Facts to support this statement were 
given aplenty in the hearing on depreciation before the 
Interstate Commerce Commission last Winter. 

Mr. L. F. Love, President of the Delaware and Hud- 
son Company states in his testimony: “Depreciation 
postulates that anything to which it is applicable has a 
limited and calculable useful life, at the end of which it 
must be scrapped. There is no limit to the useful life 
of a composite railroad property. If the theory of de- 
preciation is carried to its logical extreme, there is 
nothing left for repairs; if repairs are adequately 
made, there is no depreciation.” | | 

Mr. Sidney Z. Mitchell, President of the Electric 
Bond and Share Company, made a similar statement in 
his testimony. Mr. Alex Dow, President of the De- 
troit Edison Company, also testified that: “Generators 
have an indefinite life, with ordinary maintenance.” 

The late Robert A. Carter, Vice-President of the Con- 
solidated Gas Company, in an address before the Na- 
tional Electric Light Association on Dec. 14, 1923, 
expressed his ideas regarding maintenance as follows: 

“Unlike human life, which is limited, the product of 
human energy may have perpetual life. The sphinx, the 
pyramids, celebrated obelisks, aqueducts, bridges and other 
structures, as well as statuary, jewelry and articles of per- 
sonal and domestic use and adornment have survived and 
will continue to survive for centuries. They represent 
nothing more than a rearrangement of indestructible mut- 
ter. If Quintus Marcius had constructed a gas plant or an 
electric plant instead of an aqueduct in 144 B. C. nothii g 
but neglect would interfere with its operation today. Anc, 
even though neglected, so much of the plant as consistea 
of steel, iron, concrete, stone, brick and mortar, which would 
represent nearly 100 per cent of the cost, would remain in 
substantially its original form. Stephenson’s second loco- 
motive was still in use in 1922. The cast-iron water pipes 
leading from the river Seine to the fountains at Versailles 
were installed in 1658, and the only repairs that have been 
necessary after two and a half centuries of service are the 
occasional replacing of bolts. Rome is still supplied with 
water by an aqueduct the construction of which was begun 
by Quintus Marcius in 144 B. C. Tunis is now supplied by 
an aqueduct built by Hadrian in A. D. 120. The aqueduct 
at Nimes has been in use for nearly twenty centuries. 
There are many other instances of masonry and concrete 
structures which have survived many hundreds of years 
of useful service. 

“It is idle, therefore, to talk about the life of a utility’s 
plant and equipment. The only matter of interest is its 
maintenance in efficient service by repairs, and its improve- 
ment by renewals and replacements to keep abreast of the 
development in the science of rendering. utility service and 
to meet the growing demands of an increasing patronage.” 


Expressions like these put a different value on main- 
tenance work than is commonly given to it. The usual 
plant manager expects his maintenance department to 
keep his machines running for ten or twelve years, 
when they will be replaced with new ones. Proper and 
adequate maintenance, according to the authorities 
quoted, would make these machines run forever. How- 
ever, to attain this result in the industrial works high 
standards of maintenance will have to be attained— 
maintenance must not always play second fiddle to pro- 
duction and the maintenance men should receive the 
recognition they deserve.. 

To those interested in depreciation a booklet pub- 
lished by the Consolidated Gas Company of New York 
City, containing abstracts of testimony before the In- 
terstate Commerce Commission, will be of interest. 


Maintenance 


Is Not a 


Second Fiddle 
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Who Can Answer 
These? 


Alarm System to Indicate Hot Bearing— 
We have had considerable difficulty on 
some heavy pressure rolls due to bear- 
ings getting too hot before they were 
discovered. I have heard that it is 
possible to use an alarm system of 
some sort for indicating when bearings 
get beyond a certain temperature. Can 
any readers tell me how a device of 
this sort may be made and ea ag 


Gary, Ind. 
. * b 


Card System for Miscellaneous Power 
Drive Equipment—The only storage 
space we have for miscellaneous pul- 
leys, shafting hangers and similar 
parts is some distance from the room 
which serves as the repair shop and 
headquarters of the maintenance de- 
partment. As we now have no system 
vf keeping track of this material one 
of the men must go and search „ 
it whenever anythi ag is needed. I 
should like to know if any reader has 
worked out a card system that we 
couid use to tell what we have on 


hand. 
Kansas City, Kan. H. L. G. 


Selection and Application of Carbon 
Brushes—Can any of the readers of 
INDUSTRIAL ENGINEER give me any in- 
formation on how to choose and prop- 
erly apply the various grades of carbon 
brushes? I should like to know how 
a practical man can by inspection and 
simple tests choose a suitable brush 
for a job or determine what application 
a certain brush is most suitable for. 
I have seen references to the electroly- 
tic action between brass collector rings 
and carbon brushes and should like to 
know the cause of this action and if 
there are any means of A tt; 


Smooth Rock Falls, Ont., Can. 


Testing Large D.C. Generators for Short 
Circuits—Will some one give me a 
good, practical method of testing for 
short circuits, large d.c. generators and 
motors, especially those having equal- 
izers or cross connections? I have in 
mind machines of 1,000-hp. rating and 
over. In the various articles on testin 
which I have read, I have failed to fin 
any mention of these connections and 
should like to know the procedure 
when testing out a machine which has 
them. 

Ottawa, Canada. S. J. 


Grounding Secondary of 3-Phase, 220-440- 
Volt Distribution System—lI wish some 
reader would tell me whether the 
secondary of a three-phase distribution 
system for 220-volt and 440-volt motors 
should or should not be grounded? 
Why? The Standard Handbook says: 
“The grounding of secondaries up to 
150 volts has been required by the 
National Electrical Code since 1913. 
There is some doubt as to the advisa- 
bility of grounding secondaries when 
the difference of potential between any 
wire and ground is higher than 250 
volts, owing to the possibility that 
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Here is a place where you can oat some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other Falko 

question that you can 
answer from your ex- 


shocks from such a system may prove 
fatal.” How could a person receive a 
shock from a grounded secondary sys- 
tem when the conduit inside of the 
building is also grounded? Would not 
trouble at once reveal itself? I shall 
appreciate it if you can enlighten me 
on the why’s and where's of this sub- 


ject. 
Orlando, Fla. H. C. M. 


Will This New Winding Be Satisfactory? 
—I have a 2,200-volt, three-phase, 60- 
cycle, 20-hp. motor that I want to re- 
wind for 220 volts, three-phase, 60 
cycles. This is a squirrel-cage motor, 
having seventy-two slots. The origi- 
nal winding was seventy-two coils 
wound with twenty-six turns of No. 19 
wire, two-parallel, connected series 
star, the coils laid in slots 1 and 10. 
Would a winding consisting of thirty- 
six coils of sixteen turns of No. 14 
wire, three-parallel, coil span l-and-16, 
be satisfactory? How should this 
winding be connected? I shall appres 
ciate it very much if someone will help 
me out on this. 

Albany, Ga. B. B. 


Answers Received 
To Questions Asked 


Does Voltage Above Normal Affect Power 
Billt— We buy power from a local 
power company at a line voltage of 
13,000 volts. The voltage in the plant 
is supposed to be 550, but we have an 
average voltage of 640 to 700. Our 
motors are of the induction type, rang- 
ing from 1/10 to 50 hp. Will there be 
any loss of power with the voltage 
higher than normal? If so, what will 
it amount to? When the voltage jumps 
from 620 to 700 our indicating watt- 
meter will rise around 200 watts. Will 
this increase the reading of our kw.-hr. 
meter in proportion, or what per cent 
will it be? I have been checking very 
closely the power consumed and find 
that when we have high voltage the 
power runs higher also. I shall be 
very grateful for any information you 
can give me. 
Rock Hill, S. C. L. W. M. 


Replying to L. W. M., in the April 
issue, it is practically impossible to 
give anything more than a general 
answer to his question, as the effect 
produced by voltage higher than nor- 
mal depends a great deal on the elec- 
trical design characteristics, of a motor. 

As a general statement, it can be 
assumed that an increase in the im- 
pressed voltage will cause an increase 
in the input wattage of the motor, in 
proportion to the square of the im- 
pressed voltage. Just how close this 
approximation will be, will depend upon 
the design of the motor. L. W. M. 
says that an increase of 200 watts re- 
sulted from a change of voltage from 
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620 to 700, but no comparison can be 
made in the absence of the initial read- 
ing of the.meter before the change in 
voltage. 

If the motors are rated at 550 volts 
and the actual voltages vary from 620 
to 700, or 12.07 per cent to 27.3 per 
cent it may even be possible with 
closely designed motors to have in- 
creased losses, or in other words, in- 
creased power consumption for the 
same load, which may vary in greater 
proportion than the ratios of the 
squares of the impressed voltages. The 
design of the modern motor is based 
on its performance at a certain rated 
voltage. 

Assuming the motor load to be con- 
stant, an increase in impressed voltage 
will increase the exciting current and 
the iron loss, and decrease the load 
current. The decrease in the load cur- 
rent may offset the increase in the ex- 
citing current for a very small increase 
in the impressed voltage, but for in- 
creases of more than 10 per cent, the 
exciting current in modern motors in- 
creases very rapidly. The iron loss in- 
creases very rapidly for all voltages 
above normal and is much greater than 
the increased copper loss, due to a 
higher current. 

C. OTTO VON DANNENBERG. 


The J. J. White Engineering Corp., 
New York, N. Y 


* * * * 


In answer to L. W. M.’s question in 
the April issue of INDUSTRIAL ENGINEER, 
I would say that increased voltage in- 
creases the current in the stator, in ad- 
dition to lowering the power factor and 
decreasing the slip. It will, in all prob- 
ability, cause a temperature rise due 
to increased current in the stator. Now 
to get to the question, Will there be 
a greater power loss with a higher 
voltage?, the answer probably is yes, 
although this would depend, to a large 
extent, upon the proportion of primary 
copper loss and iron loss in a normal 
machine, and also the degree of satu- 
ration in the iron. 

I notice that you are using an indi- 
cating wattmeter, as well as a record- 
ing wattmeter. I assume that you 
have no power factor meter and use 
the indicating wattmeter to determine 
the power factor. Nevertheless, the re- 
cording wattmeter reading increases in 
proportion, since they both get the 
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same voltage and current. I do not 
know whether you can do anything to 
reduce the voltage to its proper value, 
but if you can, I would do so, for, as 
a general proposition, induction motors 
operate at their highest efficiency at 
the current and voltage given by the 
manufacturer on the nameplate. 


Ser. JAuks A. COOKE. 
Observation Battery, 
Fort Bragg, N. C. 


* ¢ * 


Trouble With Single-Phase Induction 
Motor—Can some of the readers of 
INDUSTRIAL ENGINEER tell me what is 
the matter with a small, single-phase 
induction motor which fails to start 
when the switch is closed? Both the 
main and starting windings and the 
centrifugal switch have been tested 
and seem to be all right. After clos- 
ing the line switch and giving the 
rotor a quick start by means of a 
string, the rotor will sometimes quickly 
come to a stop, or apparently lock. 
Then, possibly the next time the switch 
is closed the motor will start from 
rest and run normally. This is a 
standard make of four-pole, 60-cycle, 
110-volt motor. I shall certainly ap- 
preciate any suggestions you can give 
me as to what is the trouble and how 
it can be remedied. 

Urichsville, Ohio. R. F. P. 


Replying to the question asked by 


R. F. P. in the April issue, these mo- 


tors are manufactured in large quan- 
tities and the air gap is not given the 
attention that the larger motors re- 
ceive. If he puts the rotor in a lathe 
and takes off 0.001 in. he will not have 
any more trouble from the rotor lock- 
ing and failing to start. The air gap 
clearance in these motors is small and 
the rotors are not perfectly true, so 
that at certain positions the rotor may 
lock magnetically. Then the motor 
will burn out if the current is not 
switched off, or the fuse does not blow. 


Chief Electrician, EARLE N. DILLARD. 
Booth-Kelly Lumber Co., 
Springfield, Ore. 


* K * * 


In answer to R. F. P. in the April 
issuer, I would suggest that he test his 
starting winding leads by cutting out 
the switch and holding one side of 
the starting winding in his hand, with 
the other side connected to the run- 
ning winding. Then close the line 
switch at the same time, having both 
windings connected across the line. 
After the motor stars, break the start- 
ing winding with the lead he holds in 
his hand. If the motor works satis- 
factorily he will find that the trouble 
is in his centrifugal switch. I believe 
this test will clear up the trouble that 
he is experiencing. 


Albany, Ga. B. BELCHER., 


k *¢ & * 


In reply to R. F. P.’s question in the 
April issue, I believe the motor he re- 
fers to has badly worn bearings, as this 
condition would cause the action that 
he describes. He might make a thor- 
ough examination to ascertain if the 
motor has any of the following defects, 
which may be easily determined by 
careful testing: 

The starting coil may be short-cir- 
cuited or burned out, likewise the run- 
ning winding; these windings may be 
short-circuited together at some inter- 
mediate point as well as at one end. 
There may be two grounds in either 
winding, or one on both, which would 
constitute a short circuit. There might 
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be an opening in the starting winding 
which makes enough contact occasion- 
ally to start the motor; this would 
cause the intermittent starting de- 
scribed. This opening could be in the 
centrifugal switch; that is, the springs 
that hold it closed may have lost their 
tension. 

I do not think that the rotor is open, 
although it might be examined for 
loose bars. These small rotors give 
very little trouble. 


Electrician, G. H. EMERSON. 
Electric Repair & Service Co., 
Birmingham, Ala. 


R W & x% 

Answering R. F. P.’s question in the 
April issue of INDUSTRIAL ENGINEER, if 
he is sure that the starting and run- 
ning windings of his motor are O. K., 
and that the centrifugal starting 
switch is operating properly, he will 
probably find that the trouble he de- 
scribes is due to worn bearings. Small 
induction motors have only a small 
clearance between the rotor and stator, 
and even slightly worn bearings will 
sometimes let the rotor drag, thus 
“locking” the armature when starting 
the motor. 

We service a number of these motors 
driving electric pianos and in most 
cases find that when they begin to fail 
to start at times, the bearings need re- 
newing. R. F. P.’s motor starts part of 
the time, due to the fact that the lubri- 
cant in the bearings sometimes forms 
a film sufficiently thick to raise the ro- 
tor clear of the stator. I hope that 
this suggestion will help him to remedy 
his trouble. 

San Angelo, Tex. S. CURTIS EBNER. 
* „ & > 


Effect of Armature Coil with Reversed 
Polarity—Sometime ago this question 
was raised in our shop: Will a re- 
versed polarity coil in an armature 
burn out while running or what effect 
will it have on the armature? 

I contend that in order to burn out 
a coil a heavy current must flow in 
that coil, which could only be caused 
by a short circuit. As all coils are 
connected in series, current of the 
same amount would flow in each; if 
one were reversed it would oppose the 
action of the others and having only 
the same amperage through it as the 
others it could only oppose with the 
strength of one coil, and would neu- 
tralize one armature coil. 

I should like to hear from some of 
the readers of INDUSTRIAL ENGINEER on 
this question. 
McKeesport, Pa. E. K. 


In reply to E. K.’s question in the 
February issue, the coil will not burn 
out while running but it may cause 
unsatisfactory operation by bringing 
about an unstable magnetic condition 
of the armature. The latter will have 
two or more paths in parallel, depend- 
ing on the number of poles and the 
type of winding, and inasmuch as the 
reversed coil opposes the remaining 
coils of the group of which it is a part, 
there will evidently be two less effec- 


tive coils in the one group, as the 


reversed coil neutralizes one other coil, 
than there are in the remaining group 
or groups. 

The amount of magnetic unbalance 
will be in proportion to the number of 
coils in the group. The effect on the 
operation of the motor will be an un- 
balanced torque, sparking at the 
brushes and a rise in the temperature 
of the armature. 


Muncie, Ind. GEORGE CROPPER. 
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Trouble in Operating Two-phase Arc 
Welder Set on Three-phase Circait— 
I had occasion recently to operate a 
two-phase, four-wire, 220-volt, 60- 
cycle, 1,800 r.p.m. 5-hp. Lincoln motor, 
which is direct connected to a Lin- 
coln welding generator on a three- 
phase, 2,200-volt, 60-cycle circuit. The 
transformer connection shown was 
tried. I found that the motor would 


start but in a short time would get 
The wire at A was cut and 
then the motor did not heat so much, 
so that by stopping the machine about 
every hour and letting it cool off I was 


2200 Volt Line 


very hot. 


2-5 KW 
Transformers 


able to do the welding, but too much 
time was lost. wish some of the 
readers of INDUSTRIAL ENGINEER would 
tell me if this connection is correct, 
and if so, what causes the motor to 


heat. 
H. L. F. 


Tyrone, Pa. 

In answer to the question by H. L. F. 
in a recent number, the connection 
which he is using is wrong, as he is in 
reality obtaining two single-phase cur- 
rents which are not at right angles to 
each other. I would suggest that if 
one of his transformers does not have 
a tap on the secondary side which will 
deliver a voltage equal to 90 per cent 
of the voltage of the other transformer 
he trade it for one which is provided 
with such a tap. 

Assuming it is possible for him to 
get at the center of the secondary of 
the remaining transformer, the use of 
what is known as the Scott connection, 
which can be found in any handbook, 
should solve his problem very satisfac- 
torily. 

It may be difficult, or impossible, for 
him to make this exchange of trans- 
formers, or too much trouble, if the 
welding outfit is for temporary use 
only. In this event I would suggest 
that he use, as an emergency method, 
the connection shown in the accompany- 
ing diagram. This will not give a bal- 
anced condition but the results will be 
much better than with the present con- 
nection and there is the further advan- 
tage that the transformers now on hand 


may be used. 


Clarkdale, Ariz. T. E. PEACOCK. 


2200 Volts 
2200 


2200 Volts 
Volts 


220 Volts 
Phase 8 


Emergency connection of trans- 
formers for obtaining 220 volts, 
two-phase, from 2,200-volt, three- 
phase. circuit. 
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Correcting Power Factor by Synchron- 
ous Condenser—I wish to submit the 
following problem to our readers: A is 
a distributing station supplying power to 
four feeders, B . D and E, B takes 
4,000 kw., C, 8,500 kw., D, 3,000 kw., 
and B, 2,000 kw. The power factor of 
these loads is: B, 80 per cent, C, 78 per 
cent, D 75 per cent and E, 72 per cent, 
all lagging. It is desired to install a 
synchronous condenser at station C, to 
give 95 per cent power factor. Would 
it make any difference in the size of con- 
denser required at C if stations B, D. and 
E were to correct their power factor to 
unity instead of running at 80, 75 and 72 
per cent respectively, as at present, (1) 
in case station A has ample generator 
and exciter capacity and (2) in case this 
capacity is just enough to carry the 


load? 

Belleville, Ont., Can. J. H. G. 

The question asked by J. H. G. in a 
recent issue of INDUSTRIAL ENGINEER 
presents an interesting problem. Neg- 
lecting the reactance of the distribu- 
tion lines, which would probably be 
small in any case, we have a resultant 
lagging power factor of 77 per cent at 
station (A), determined as follows: 


Load Power Load 

Feeder in kw. Factor in kva. 

B 4,000 80 percent 5,000 

C 3,500 78 per cent 4,487 

D 3,000 75 per cent 4,000 

E 2,000 72 percent 2,778 

12,500 16,265 

Kilovolt-amperes are 5 

w. 

from the formula, Kva. = ey Then 
Kw. 12,500 

for total load P. F. or = 77 
Kva. 16,265 


per cent. 

From this it will be seen that the to- 
tal electrical capacity necessary at sta- 
tion (A) to supply these four feeders 
is 16,265 kva. 

In installing a synchronous con- 
denser at station (C) for correcting 
power factor, two courses are open. 
The first is to install a condenser of 
the proper size to raise the power fac- 
tor of station (C) only, from 78 per 
cent to 95 per cent lagging. The second 
is to install at station (C) a condenser 
of such a size that it will have a lead- 
ing power factor of a value to counter- 
act the lagging power factor of the 
other’ three feeders and give a result- 
ant power factor at station (A) of 95 
per cent lagging. The first course will 
benefit station (C) but the benefit to 
station (A) will be small, as it can be 
shown, by calculations similar to those 


given above, that if the power factor 


at station (C) is raised to 95 per cent 
the resultant power factor at station 
(A) will be raised only to 81 per cent 
and the electrical capacity required de- 
creased to 15,462 kva. 

On the other hand, if a large enough 
condenser is installed at station (C) to 
bring the power factor at station (A) 
to 95 per cent lagging the electrical ca- 
pacity required at the latter will de- 
crease to 13,158 kva. 

To determine the size of condenser 
for the first case, we have 3,500 kw. at 
78 per cent power factor. The desired 
power factor is 95 per cent. 

3,500 
Present kva. = —— = 4,487 kva. 
78 


Present reactive kva.= V4, 487 — 3, 5005 
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= 2,808 kva. Kva. at the desired power 
3, 500 

factor = ——— = 3,684 kva. 

96 

kva. at the desired power factor = 

V 3,684: — 3,5007 = 1,150 kva. Then the 

corrective effect needed = 2,808 — 1,150 

= 1,658 kva. The illustration will help 

to make this clear. 

In a similar manner the corrective 
effect needed at station (C) to bring 
the power factor at main station (A) 
to 95 per cent will be found to be ap- 
proximately 6,200 kva. 


Reactive 


1658 Kvar correc tion 


2806 Kva at present 
(Reactive) 


JJ SO Kva 


3500 Kw load 


Graphic method of determining 
size of condenser needed for power- 
factor correction. 


The size of condenser required at 
station (C) will be independent of the 
power factor at stations (B), (D) and 
(E), insofar as station (C) itself is 
concerned, but the effect of partial or 
total system correction will affect sta- 
tion (A), as has been shown. 
station (A) has ample generator and 
exciter capacity to carry the kva. load, 
the effect of power factor correction at 
one of the other stations is to reduce 
the line losses and heating and to im- 
prove the voltage regulation. If sta- 
tion (A) has only enough capacity for 
the kw. load, then either correction of 
the power factor of the whole system 
or the installation of additional capac- 
ity at station (A) must be resorted to. 

It will be noted that the total load 


in kva. has been calculated from the 
individual 


arithmetical sum of the 
kva’s. This is not strictly correct as 
the total kva. is actually the vectorial 


or geometric sum of the individual 


kva’s. However, since the power fac- 


Source 


In case 


Vol.82, No.6 


tor of the individual loads does not 
vary by more than a maximum of 
8 per cent, the error introduced by tak- 
ing their sum is negligible. 

The attention of J. H. G. is directed 
to the very excellent article on Power 
Factor by Mr. E. H. Hubert, that ap- 
peared in the December, 1922, issue of 
INDUSTRIAL ENGINEER, 

Comerio Falls, FREDERICK KRUG. 
Bayamon, Porto Rico. 

t W $ $ 
Ammeters Connected for Three-Phase, 

Three-wire Circuits—I wish some 

reader of INDUSTRIAL ENGINEER would 

give me a wiring diagram of three 
ammeters used on a three-phase, three- 
wire circuit, using only two current 
transformers, and explain how the cur- 


rent passes through each meter. 
Haledon, N. J. G. Z 


In answer to G. Z. who asks in the 
August issue for a diagram and ex- 
planation of the method of connecting 
three ammeters to two current trans- 
formers on a three-phase, three-wire 
circuit, I wish to submit the following 
information: 

This connection is known as the re- 
versed “V” connection and is the one 
which is most frequently used for in- 
struments of the indicating type. 

First of all it is necessary that your 
transformers be connected up in ac- 
cordance with their polarity marks. 
These polarity marks on instrument 
transformers indicate that with cur- 
rent flowing into the marked primary 
terminal at any instant the current in 
the secondary will flow out of the 
marked secondary terminal at the same 
instant. If we have a balanced three- 
phase load the three ammeters should, 
of course, all indicate alike, and there 
will be three equal currents, circulat- 
ing in the three main wires, but their 
maximum and zero values will differ 
by 120 electrical degrees. However, to 
make the explanation clearer, we will 
assume an instant when the conditions 
are as shown in (A) of the drawing, 
where the current in No. 2 wire is 
maximum in a certain direction and the 
current in both outside wires, Nos. 1 
and 3, is equal and one-half the value 
of the current in No. 2 wire, but in the 
opposite direction. Ammeter (A) indi- 


Instantaneous direction of current 
flow in a system of three ammeters 
and two current transformers on 
a three-phase, three-wire circuit. 


Source: 
J 2 
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cates the current in line No. 1; ammeter 

(B) the current in line No. 3; and 

ammeter (C) the current in line No. 2. 
The direction of the currents in the 

transformers will be as shown in (A), 
the current from transformer (A.) 
flowing through ammeter (A), and 
current from transformer (B.) flowing 
through ammeter (B). Now since the 
currents in the primary of both trans- 
formers are equal and in the same di- 
rection, the current in the secondaries 
of both transformers will be equal and 
in the same direction and meters (A) 
and (B) will give the same reading. 
These two currents unite at (O) and 
together flow through ammeter (C), 
which will show a reading twice that 
of (A) or (B), thus showing that No. 2 
wire carries twice as much current as 
wires No. 1 and 3. However, at another 
instant we may have No. 1 and No. 2 
wires carrying equal currents and the 
current in wire No. 3 would be double 
and opposite in direction, so that the 
current from the secondary of trans- 
former (Bi) will be double and in the 
opposite direction to the current from 
the secondary of transformer (A:). 
Therefore the reading of ammeter (B) 
will be twice that of ammeter (A). 
Then these two currents will join at 
(O), but since the current in (B) is 
double and opposite to the current in 
(A), we will have the difference, or a 
current equal to that flowing through 
ammeter (A), flowing through ammeter 
(C). However, the meters could not re- 
spond to these rapid changes in current 
value, but will indicate the effective 
value of the current in the line and if 
these currents are equal, then the three 
ammeters will all indicate alike. 

We may also take an extreme case 
of unbalanced load where a single-phase 
load is placed on phase (C), as in (B) 
of the diagram. Now the current in 
line No. 2 will be zero, but that in lines 
Nos. 1 and 3 will be equal and opposite 
in direction. Current will flow from 
the transformer secondaries, (A:) and 
(B:) as shown and ammeters (A) and 
(B) will both indicate alike. But the 
current from (A:) tends to flow 
through ammeter (C) in the opposite 
direction from which the current from 
(B:) tends to flow, and since both these 
currents are equal and opposite they 
neutralize each other and therefore 
ammeter (C) gives no reading, thus 
showing zero current in line No. 2. 

` ERNEST DICKINSON. 
Kimberley, B. C., Can. 
* „ „ * 

What Causes This Motor to Spark at 
the Brushes?—I have a 35-hp., four- 
pole, shunt-wound motor that drives 
a fan. The armature has seventy coils, 
lap-wound. Under load this machine 
draws 280 amp. at 115 volts and has 
always sparked viciously. The brushes 
are of the Bayliss type and I find the 
neutral point with a voltmeter as 
closely as one can. When I stone the 
commutator down the motor runs 
satisfactorily for a day or so and then 
Sparking begins and the commutator 
develops low bars and seems to flatten 
or sink. 

I am wondering if this armature 
was designed for a four-pole machine, 


as it has seventy bars and coils. This 
number is not divisible by four with- 


out a remainder and thus throws the. 


neutral point in the center of a hbar. 
I shall be very grateful if Some reader 
can explain what causes the sparking 
and tell me how I can overcome it. 
New York, N. Y. C. E. K. 


In answer to C. E. K., in the March 
issue, I have had similar trouble with 
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a motor sparking at the brushes and 
the commutator bars sinking and be- 
coming flat. In my case, the cause was 
found to be due to the fact that the 
motor had run hot which caused the 
cone of mica that wedges up the bars 
to loosen slightly. The bars in time 
loasened somewhat, thus allowing the 
mica to work out from between them. 
After a few hours running, the mica 
came over the bars. This was the cause 
of sparking. 

When the commutator was stoned, 
it would run satisfactorily until the 
mica came out again, which it would 
do in a short time. Tightening the 
commutator and turning it down on 
the lathe cured the trouble. 

Liege, Belgium. P. VAN HERR. 


* *« g * 


In answer to the questions asked by 
C. E. K. in the March issue of INDUS- 
TRIAL ENGINEER, I believe that the trou- 
ble is caused by high mica; if the com- 
mutator were undercut, this trouble 
would be eliminated. 

Undercutting can be done with a 
hacksaw blade, cutting the mica down 
between the segments not more than 
1/32 of an inch. A better way of do- 
ing this, however, is to use a three- 
cornered file as this leaves a V-shaped 
groove that is easier to clean. 

Another possible cause of trouble 
may be a loose commutator. The com- 
mutator may be tightened by screw- 
ing up the endplate which generally 
has a right-hand thread. After doing 
this, the armature should be tested for 
short circuits as the insulation may be 
damaged when the commutator is 
tightened. 

Maintenance Electrician, PAUL FEENEY. 

General Electric Company, 

Lynn, Mass. 
* „ „ „* 

In reply to the question Asked by 
C. E. K. in the March issue of IN Dus- 
TRIAL ENGINEER, his motor is carrying 
23 per cent overload. If the brushes 
do not have enough contact area to 
carry the current this will cause spark- 
ing, which will gradually grow worse 
as the commutator blackens. The 
remedy is to increase the size of the 
brushes in width. If there is not room 
to do this, change the type of brush to 
one that has a greater carrying ca- 
pacity. , 

Other and more serious causes of 
sparking are: open or short-circuited 
armature coils; short-circuited seg- 
ments; coils grounded; sprung shaft; 
pulley out of true; loose bearings; 
commutator not true; brushes not set 
diametrically opposite. Low commu- 
tator bars are caused by the mica V 
end ring coming loose and allowing the 
segments to change their position. 
Tightening the end ring and truing the 
F in a lathe will remedy low 

ars. 


Chief Electrician, 
Booth-Kelly Co., 
Springfield, Oregon, 
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In the March issue C. E. K. asked 
why his 35-hp. motor sparks unduly. 
In the first place the machine is pull- 
ing about 37% hp. An overload that is 
on continually is not good for any mo- 
tor. A commutator will pit and blacken 
from several causes. For example, a 


EARLE N. DILLARD. 
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ground on some other part of the mo- 
tor will do this. If the mica does not 
wear down with the copper, the brushes 
will spark badly and cause black spots 
on the commutator. To remedy this, 
undercut the mica. 

Vibration of the motor foundation 
and worn bearings are also causes. 
Likewise, if the commutator is worn 
into grooves where the brushes ride, too 
much end-play will cause sparking. The 
armature described by him is very com- 
man in Crocker-Wheeler motors and 
works very satisfactorily. 

Sometime ago, I had a peculiar expe- 
rience with a commutator which con- 
tinually blackened. We found at last 
that another motor on the same service 
from the switchboard had a grounded 
brush holder, but it did not spark. 
When this brush holder was repaired 
the commutator of the other motor did 
not blacken up any more. 

Peoria, Ill. GEORGE RINGNESS. 
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In regard to C. E. Ks question in 
the March issue, he states that the mo- 
tor runs well for a few days after the 
commutator has been turned. I think 
this shows that the trouble has been 
caused by hard and high mica. The 
mica, being harder than the copper, 
will not wear down at the same rate 
as the latter and has a tendency to 
keep the brushes from making good 
contact on the commutator; therefore 
sparking will result. I have found 
this to be a very common trouble in 
old-time machines. 

One way to remedy this is to in- 
crease the tension on the brushes and 
use harder carbon. The best way, 
however, is to undercut the commu- 
tator; this can be done very easily 
with a hacksaw blade. Cut away the 
mica for about 1/32 in., below the sur- 
face of the copper. Readjust the ten- 
sion on the brushes to 2 or 3 Ib. per 
square inch of carbon. Have all 
brushes pig-tailed. I hope these sug- 
gestions will help C. E. K. to overcome 
his trouble. 

San Francisco, Calif. P. P. SCRIBANTE. 
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Answering C. E. K.’s question in the 
March issue, he states that a 35-hp. 
shunt-wound motor draws 280 amp. un- 
der full load and is a 115-volt motor. 
This motor is therefore working at a 
fair overload. I would suggest that 
he undercut the mica in the commu- 
tator as stoning a commutator only 
cuts the mica flush with the copper bars. 
As a rule, therefore, it serves only to 
stop sparking of the brushes tempo- 
rarily. 

I would also suggest that he sand the 
brushes and see that they are properly 
seated on the commutator. Also, I 
would advise him to check up on the 
following conditions, as possible 
sources of his trouble: Brushes out 
of line, brushes must be kept on the 
A or 16 or % according to the number 
of field coils in the motor; worn bear- 
ings or vibration in the armature on 
account of the latter being out of bal- 
ance. l 

I hope that this information will 
help C. E. K. to stop the sparking in his 
motor. 
Shreveport, La. 


GUSTIN R. LIEBER. 
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In reply to the question asked by 
C. E. K. in the March issue, from the 
data given 280 amperes times 115 volts 
equals 32.2 kw., or 32,200 divided by 
746 equals 43.16 hp. The full-load ca- 
pacity of a 35 hp. motor at 115 volts 
is (35 X 746) divided by 115 equals 
227 amp. Then 280 minus 227 equals 
53 amp., or 25.5 per cent overload on 
the motor. 

' Since the motor ran satisfactorily for 
a few days after grinding, it proves 
that the armature is properly designed. 
In my opinion the cause of sparking is 
inability of the brushes to carry the 
current in excess of what the motor 
was designed for. This in turn carbon- 
izes the surface of the mica segments, 
causing partial shorts in the commuta- 
tor. I would suggest applying a larger 
motor, or decreasing the load by reduc- 
ing the speed of the fan. 
WILLIAM J. MILDON. 

Madeira Hill Coal Mining Co.. 
Philipsburg, Pa. 

* „ *€ * 


In the March issue, C. E. K. describes 
trouble experienced with a 35-hp. shunt- 
wound motor. I would advise him to 
take out the armature, heat the com- 
mutator thoroughly and tighten it while 
hot; then let it cool down and try to 
tighten it again. Now sound the com- 
mutator with a hammer and note very 
carefully whether the bars move. If 
they do, I would advise him to make 
new V-rings and repeat the process of 
tightening. Then put the armature in 
a lathe, turn the commutator and un- 
dercut it. 

The brushes should receive attention 
next. They should not cover too many 
bars as this will cause sparking, nor 
should they cover less than 1% bars. 
Also check up and see that there is 
enough carrying capacity in the 
brushes. For 280 amp. there should 
be at least 7 sq. in. of carbon brush 
contact on two of the four brush studs. 

Make sure that the armature is bal- 
anced, as flat spots on the pulley or 
unnecessary bumps in the belt lacing, 
or uneven air gaps will also cause 


sparking. NICHOLAS J. WEISS. 
West New York, N. J. 
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Transformer and Balancer Coil Con- 
nections—In our plant we are operat- 
ing one 50-hp., one 30-hp., two 5-hp., 
and two 2%-hp. three-phase, 60-cycle, 
induction motors. The lighting load, 
single phase, amounts to about 10 kw. 
I wish some reader of INDUSTRIAL ENGINEER 
would give me a diagram showing 
how to connect three b-kva. single- 
phase transformers and balancer coils 
to obtain 110-volt single-phase current 
for lighting from the 220-volt, three- 
phase line from our alternator. Will 
you also show me how to cut in on the 
power company’s transformer in case 
our machine should get out of order, 
and how to cut out their meters and 
transformers both at the same time 
when our machine is ready to be put 
in service again. 

Detroit, Mich. O. C. H. 


Answering O. C. H. in the January 
issue, if you wish to keep the 220-volt, 
three-phase circuit balanced there is no 
connection that will meet your require- 
ments. I should like, however, to offer 
some suggestions that may be of help. 
I assume that you have a 220-volt pri- 
mary, 110-220-volt secondary, three- 
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220 Volt 3 Phase Bus 


Lighting Circuits 
Fig. 1—Two balancer coils con- 
nected to a three-phase circuit to 


give two 110-220-volt, three-wire 
lighting circuits. 


wire balancer coil. As a balancer coil 
is designed to take care of the unbal- 
anced load on a 220-volt, three-wire 
distribution system, having a 220-volt, 
two-wire primary, there is no need of 
using three 5-kva. transformers on the 
lighting circuit. If it is desired to keep 
the 220-volt, three-phase circuit nearly 
balanced, I would suggest that you use 
two balancer coils and two 110-220-volt, 
three-wire lighting circuits, of 5 kw. 
each. Fig. 1 shows the method of con- 
nection which should be employed. If 
you do not wish to use the balancer 
coils, connect two 5-kva., single-phase 
transformers open delta, and run the 
three-phase, 110-volt circuit to your 
cabinet box, and divide the lighting load 
between phases so as to keep them as 
nearly balanced as possible. 

You also ask for a method of con- 
necting the central station lines to your 
motor circuit in case your alternator 
gets out of order. 

Fig. 2 shows a method of connection 
which I think will prove satisfactory. 
In proposing this method of connection 
I have assumed that the motors may be 
shut down long enough for the neces- 
sary switching to be done. 


3Phase Primary 
Central Station 


Disconnect 

Switches Transformers 
Fig. 2—Arrangement of connec- 
tions for quickly cutting over from 

central station lines to local gener- 
ator, or the reverse. 


To phase out the power company’s 
three-phase, 220-volt circuit to your 
220-volt, three-phase buses, proceed as 
follows: First, note the direction of 
rotation of one of your induction mo- 
tors while your alternator is in opera- 
tion. Stop the alternator and pull 
switch No. 1 (shown in the diagram), 
and then throw your switchboard bus 
on the line by closing switch No. 2, 
and then disconnect switches ahead of 
the transformer. Start the induction 
motor and if it runs in the same direc- 
tion as formerly your connection is cor- 
rect. If the motor runs in the opposite 
direction, change any two of the cen- 
tral station leads at the bus. 

Do not attempt to put your alter- 
nator back on the circuit before open- 
ing the power company’s switch (switch 
No. 2) as the alternator is probably not 
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synchronized with the power company’s 
line. Then cross currents would flow 
between these lines and the alternator 
and probably cause considerable damage 
to the alternator or transformers or 
both. 

If you do not want to stop your 
motors while changing from the power 
company’s circuit to your alternator, 
or vice versa, you can install a syn- 
chroscope, synchronizing with lamps is 
not very reliable, and parallel the al- 
ternator with the power company’s 
circuit in this way. When installing 
the synchroscope, consider the power 
company’s circuit as an alternator. 
Full instructions and wiring diagrams 
accompany these instruments. 
Galesburg, III. EARL BABER. 
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I have noted the question by O. C. H. 
in the January issue, and want to say 
that his proposal to connect three 5-kva. 
transformers in the manner indicated, 
is not practicable. I suggest that he 
use two 220-volt, auto- transformers 
with 50 per cent taps to obtain a single- 
phase, three-wire, 110-220-volt lighting 
system. The transformers should be 
of 7 -kva. capacity each and connected 
open delta. 

I recently wired a plant which gener- 
ates its own power but is arranged to 
use central station power in case of 
emergency. The central station lines 
come in through the usual service 
switch and meter and were connected 
through a single-throw, fused switch 
to the three-phase bus on the plant 
switchboard. When this switch is 
opened it disconnects the power com- 
pany’s transformers and meters. It is 
only a matter of a moment, however, 
to open the plant generator switch and 
close the switch between the switch- 
board and the central station lines and 
thus operate the plant on central sta- 
tion power when necessary. 


3 Phase Seconar, 
Switch 

No 2 3Phase Bus 
Plant 
Load 

Switch ry 
No.l 
Plant Alternator 


When I put in this installation I 
had, of course, to phase out the incom- 
ing power lines with the plant gener- 
ator, which I did simply by testing one 
of the three-phase motors for rotation, 
first, when operating from the plant 
generator and then when cut in on the 
power company’s line. On the first 
trial, the motor when operated on cen- 
tral station power rotated in the oppo- 
site direction to its usual rotation; then 
I transposed two of the incoming power 
lines and, on a second trial, the motor 
rotated in the proper direction. 
Chicago, III. A. NOEPPEL. 
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be welcome. 


Simple Diestock Facilitates 
Rethreading of U-Clips 


HE ever-increasing use of steel 

structures often brings the main- 
tenance crew face to face with a new 
problem. In particular, shaft hangers, 
pipe lines, conduits, and a variety of 
interior fittings must be attached to 
steel shapes, and the methods of at- 
tachment differ widely from those em- 
ployed in mill-construction buildings. 

One of the commonest methods of at- 
taching parts to structural steel, for 
permanent installations as well as for 
temporary set-ups, is by the use of 
U-shaped clips. The cost of such clips 
is low and they are so widely used that 
they can be made up in quantity and 
kept in the stockroom. 

The only serious objection to U-clips 
comes from the men on the firing line 
—the men who have to take off exist- 
ing clips, or put up others that have 
already been used. The men complain 
that the threads on the ends get bat- 
tered up, particularly the threads ex- 
tending beyond the nuts. To get a nut 
off over these damaged threads, or to 
start one on such an end, is not only 
vexatious and wasteful of time but it 
frequently results in spoiling the 
thread in the nut or elip. 

With ordinary bolts, bruised threads 
may be chased over with a die in short 
order, but with clip threads, the pres- 
ence of the other leg, full length, effec- 
tually prevents turning the die stock 
around—or at least turning it far 
enough down to do much good. It is 


With a diestock like this U- clips 
and stud bolts can be rethreaded 
without difficulty. 


Building Maintenance 
and Plant Safety 
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The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


customary to take such clips to the 
blacksmith and have them partially 
straightened out; then they go back to 
the shop for rethreading and finally 
make another trip to the blacksmith 
for forging to the original shape. All 
master mechanics know of the loss in 
connection with this process. 

The simple diestock shown in the 
illustration can be made in the shop 
and will enable the task of rethreading 
clips to be done as quickly as similar 
work upon an ordinary bolt. As will be 
seen this diestock may be made from a 
piece of pipe or steel tubing, or it can 
be cut from a solid round piece. The 
valuable feature is in the extended 
body which places the die ahead of the 
handle by whatever amount is desired. 
The body should have a smaller inside 
diameter than the die in order that a 
recess can be bored out to fit the die 
and a shoulder cut for it to rest against. 

A simple setscrew retains the die in 
position, its point dropping into the 
countersink provided for the purpose. 
For a handle a steel rod or a piece of 
pipe is inserted crosswise. As re- 
threading requires much less power 
than threading for the first time such 
a diestock need not be made as strong 
as the conventional ones and gratify- 
ing lightness results. This is a valu- 
able feature because the stock may be 
used by workmen on a ladder or scaf- 
fold, where it is thus possible to re- 
thread a clip without taking it down. 

The class of work in the plant will 
determine how much offset the die 
should have, when making up such a 
stock. Because it is much easier to 
start a thread on a new blank when the 
die itself lies practically in the plane 
swept by the handles, the ordinary 
stock is made in that way—and that is 
the most satisfactory form for general 
work. However, occasions such as 
mentioned above do arise when consid- 
erable offset is desirable. Other uses 
will be found for this tool, among them 
rethreading cylinder studs without re- 
moving them. DoNALD A. HAMPSON. 
Plant Superintendent, 


Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 


Repairing and Maintaining Worn 
Concrete Floors 


FTEN where concrete floors are 
subject to heavy trucking, the life 

of the floor is short. As the concrete 
usually wears in spots or in grooves, 
it makes for hard trucking. Our ex- 
perience has given us the following 
methods of making repairs which we 
think are probably the best ways of 
prolonging the life of our factory floors. 
When laying a new floor which we 
know will receive severe service, or 
where an old one has worn so much 
as to require entire resurfacing, we in- 
sert cast-iron slabs, as shown in the 
accompanying sketch. These slabs are 
18 in. x 18 in. x % in., and perforated 
with 1-in. holes. With a simple pattern 
any plant with its own foundry can 
make them up at little expense. These 
cast-iron slabs are placed on the rough 
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Details of cast-iron plate to take 


the wear on concrete floors. 


When new concrete floors are laid or 
old ones receive extensive repair and 
resurfacing, it often pays to add cast- 
iron floor plates such as this in truck- 
ing aisles where it is known that they 
will receive excessive wear. The pat- 
tern for such a plate is easily made 
and the plates may be cast at small 
expense. 
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floor before the finishing coat is ap- 
plied and the finishing coat poured 
over and flush with the slabs. 
Enough of these slabs should be laid 
side by side so as to be over the width 
of the trucking aisle. A floor thus 
treated, we have found, will out-wear 
five ordinary floors. 

In cases where a floor is badly worn 
and the expense of the above method 


is not warranted, a special mixture 


may be applied to the whole surface. 
This mixture consists of pitch, pow- 
dered asphalt and sand in the pro- 
portion of 1 to 17 to 18.5, respectively. 
This must be mixed quickly and applied 
while hot, as it sets rapidly. In order 
to give entire satisfaction, the mixture 
should be applied at least 1% in. thick. 
In cases where a floor is pitted in 
spots but is othewise in fairly good 
repair, the above mixture may be ap- 
plied with good results if the surface 
to be treated is heated to a high tem- 
_ perature before the mixture is ap- 
plied. One of the best ways of apply- 
ing this heat is under pressure, as with 
an oil burner. 
Electrical Engineer, H. E. STAFFORD. 
Port Arthur, Ont., Can. 
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Adding Dump Body to 


Old Electric Tractor Rebuilt 
for Hauling Coal ; 


OME time ago we needed a small 

truck to haul coal to four anneal- 
ing furnaces and it was decided to re- 
build an old tractor which had for sev- 
eral years been used for hauling pig 
iron in the foundry. This tractor was 
strongly built and had given very sat- 
isfactory service. An examination 
showed that it was in such good condi- 
tion that only minor repairs would be 
needed to fit it for the new service. 
These repairs consisted mostly in put- 
ting new rubber tires on the wheels 
and installing a new and larger bat- 
tery. 

The battery contains twenty Edison 
cells A6 size, 45-amp. rating, arranged 
in four trays of five cells each. A 
standard 24-volt motor fitted with ball 
bearings drives the truck. The connec- 
tions to the battery and between the 
upper and lower trays are made with 
the Edison tray end terminal lugs. The 
cells are arranged ten below and ten 


amp 


A steel dump body raised at the 
end by a windlass was mounted 
on the tractor to fit it for hauling 
coal during the day and sand and 
other foundry refuse at night. 
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above. The battery is exchanged early 
every morning for another one charged 
during the night. It cannot be charged 
on the truck because sand and refuse 
are hauled during the night and coal 
during the day; also the battery must 
be removed to allow the cells to be 
watered. A change of battery can be 
made in ten minutes. 

The battery box is made of %-in. 
steel plates with both ends removable 
by sliding them upwards. A steel par- 
tition in the middle supports the upper 
section of the battery. The battery box 
has a steel cover. 

Also, some changes were made in 
the wiring which is now flexible, stand- 
ard No. 6 oiled cambric with heavy 
braid, carried to the motor and switch 
in 1%-in, rigid conduit tightly strapped 
along the inside of the frame. At the 
motor the six leads, two armature and 
four field leads, are terminated with 
copper lugs so that the motor may be 
readily removed for repairs. The 
leads enter the motor through water- 
tight rubber bushings. All wiring con- 
nections are made extremely tight 
either with set screws or bolted lugs 
because of the heavy flow of current. 
All conductors running in parallel and 
exposed to the weather are tape cov- 
ered and coated with asphaltum paint. 

The most important alteration was 
fitting a steel dump body to the truck. 


This was made in the form of a strong. 


steel box 4 ft. 6 in. long, 3 ft. 3 in. wide 
and 2 ft. 6 in. deep, reinforced along 
the upper edges and around the middle 
with angle iron. The front end of the 
body rests on a 2-in. pipe bearing 
which allows the body to be tipped for 
quickly unloading the coal by opening 
the front end which is hinged at the 
top. The rear end of the body is raised 
by a chain and hand windlass at the 
back end of the truck. The construc- 
tion of the body and windlass is clearly 
shown in the accompanying illustra- 
tion. 


The truck as rebuilt weighs 2,600 Ibs. 


unloaded. It has a capacity of 1% tons 
of coal and with this load it travels at 
the rate of 180 ft. per min. on the level. 
With an operator and a helper the 
truck has for some time hauled an av- 
erage of 20 tons of coal, enough for 
four annealing furnaces, each working 
day. H. S. Rich. 
New Britain, Conn. 
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Novel Method of 
Painting Fire Houses Increases 
Their Visibility 

O AID in finding fire-fighting ap- 
paratus at twilight, or at night, 
one large plant has painted all shelters 
housing fire apparatus with red paint. 
A horizontal white band about 12 in. 
wide is painted around the center of 
the shelter. This is done to all shel- 
ters, shanties, outhouses or other small 
structures containing fire hose, chemi- 
cal wagons or other industrial fire- 
fighting apparatus. Sand boxes and 
fire buckets are similarly painted. All 
fire hydrants are painted red with a 
white cap on the top. l 
It will be found that the visibility of 
these structures is greatly inéreased 
by this method of painting. Even in 
daylight this arrangement of color 
makes the location of the structure 
very conspicuous in the plant yard 
which, of course, is exactly what is 
desired. The greatest value, of course, 
is at night when the white spot is very 


conspicuous against the dark back- 
round. 
hicago, Ill. H. H. 


How to Prevent Low Spots When l 
Repairing Concrete Floors 


N OUR machine shop there was a 

good 6-in. concrete floor. When the 
floor was put down, about fifteen years 
before, it had been laid in 8-ft. sections 
across the shop. In the course of time 
these sections had separated slightly 
but not at all objectionably, except 
where the passing of trucks had 
chipped the edges of the sections in the 
aisles. 

As our floor trucks carried loads up 
to one ton and were constantly moving, 
these innocent sections became gulleys 
that the wheels traversed with a bump 
—a bump that was risky for cast-iron 
wheels and that added considerably to 
the labor of moving the trucks about 
by hand. 

As the corners were getting rounded 
further and further back, we decided 
on a repair. Now that the repairs have 
stood for two years, it is possible to 
speak of the results with the confidence 
of experience. 

Where these gulleys were worn, we 
cut out the concrete to a depth of 2 in. 
or more, running the cut back to take 
out all of the round corner no matter 
if it did make a wider groove in some 
places than in others. The work was 
done in relays, doing so much on a 
Saturday morning and filling up with 
concrete that then had a chance to 
harden by Monday morning. 

A sand-and-cement concrete was 
used. Before applying, the cut-outs 
were thoroughly wetted and the water 
given a chance to soak in. Instead of 
filling the cut up flush with the floor, 
they were trowelled off somewhat 
higher—about % in. higher in the 
center. This was done to offset the 
shrinkage which occurs at such a re- 
pair and which unless allowance is 
made for it, will cause a low spot by 
the time it has been in a while. 

DoNALD A. HAMPSON. 
Plant Superintendent, 


Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 


— 


June, 1924 


Electrical Service 


Around the Works 


Operating 220-Volt Sand Cutter 
on 440-110-Volt System 


N A PLANT where the 13,000-volt, 

60-cycle, three-phase incoming 
power is stepped down to 440 volts 
through three 150-kw. transformers, 
the lighting system is supplied by two 
10-kw. transformers which step the 
440-volt power down to 110 volts. A 
problem which had to be met some 
time ago was the operation of a 220- 
volt sand cutter, the only motor of this 
voltage in the plant. The lighting 
transformers were so connected as to 


give 220 volts, three-phase, on three 


terminals of the secondary and 110 
volts on all five terminals. 

As a solution of the problem the 
three-phase, 440-volt power busbars at 
the switchboard were tapped off to the 
primary of the lighting transformers 
and protected by three fuses. The sec- 
ondaries were connected in series and 


five equally-spaced leads were brought 


out. These are No. 00 rubber-covered 
conductors in conduit. The primary 
leads are three No. 6 rubber-covered 
conductors, also in conduit. 

At the lighting switch panel, one 
3-pole switch was disconnected from 
the busbars and to this switch the 220- 
volt, three-phase leads from the trans- 
former were connected for operating 
the sand cutter, which is driven by a 
7 ½ hp. motor. 

The 110-volt leads are connected to 
the other five switches. As the sand 
cutter has a balanced load it causes no 
trouble except a slight flickering of 
the lamps at times, but as it is run 
only during the late night hours this 
does not matter. One-half of the total 
lighting load is carried by two switches 


The secondaries of the 440-110- 
volt lighting transformers were 
conn in series to give 110- 
volts on all five terminals and 220 
volts on three terminals, from 
which leads were run to the sand 
cutter through a three-pole switch 
on the lighting panel. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 
tion, overhauling, testing or special installations. 


and the other half by the remaining 
three switches in order to balance it as 
nearly as possible. 

New Britain, Conn. H. S. RICH. 
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How to Restore Service Quickly 
After Fuse Blows 


N PAGE 605. of the December is- 

sue of INDUSTRIAL ENGINEER Don- 
aid L. Hoare described how he uses a 
double-throw switch with two fuse 
blocks for restoring power service 
when a fuse blows. This scheme is 
practicable, of course, but it should 
be noted that when fuses blow there 
is usually a reason and the trouble 
should be corrected. Offhand, one 
should not run to the double-throw 


switch immediately and throw it over . 


on to the other set of fuses because 
this extra set will, in most cases, also 


blow. Such practice not only causes 
a waste of fuses but should be discour- 
aged altogether, as liable to cause dam- 
age to electrical equipment. This ex- 
tra “shot of juice” to a machine which 
is slightly damaged and which could 
probably have been easily repaired may 
make matters worse instead of better. 
Surely, the rule of “a stitch in time” 
applies to electrical equipment. 

As another example of bad practice, 
I have seen electricians throw in the 
switch of a motor momentarily after 
it had failed. In this way they thought 
it was easier to locate the trouble, for 
the motor would spit fire at the fault. 
I have also seen other faults develop 
when a switch is thrown in this way 
several times. If the troubleman 
threw the switch in in this way only 
once, perhaps no serious results would 
follow, but usually he does not locate 
the exact spot of the trouble the first 


To 220 volt 2-10 Kva, Lighting transformers 
J Phase, 60 Cycle, rarer J 0y 
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time and so keeps on repeating the 
process until he does locate it. By that 
time, serious damage may have been 
done. I have always been against this 
practice and I should like to know what 
other readers of INDUSTRIAL ENGINEER 
think of it. 

Oakland, Calif. 


— —— 
How Single-Phase Fan Motors 
l Are Started 
HE function of the starting wind- 
ing on single-phase fan motors, 
and the manner in which this function 


‘is discharged, is sometimes not clearly 
understood by repairmen. A descrip- 


S. H. SAMUELS. 


tion of the different types of fan-motor - 


windings may, therefore, be of interest. 

The three-phase induction motor is 
self-starting because of the revolving 
magnetic field resulting from the 
proper arrangement in the stator of 
coils which receive currents that are 
out of phase with each other. The 
single-phase motor is not inherently 
self-starting because it lacks a revolv- 
ing magnetic field, due to its having 


GIN 


a power supply from one phase only. 
Practically all alternating-current. fan 
motors are of the induction type and 
are operated from a single-phase sup- 
ply. To make these fan motors self- 
starting, recourse is had to split-phase 
windings and combinations of react- 
ance and resistance. The action of 
these is to produce. a revolving field. 
In the accompanying diagram are 
shown three methods of starting sin- 
gle-phase fan motors. 

The diagram at the top of the illus- 
tration shows a fan motor with a three- 
phase winding. The parts of this 
winding, (A), (B) and (C) are connected 
together at a common point. They are 
spaced one-third of the pole spacing be- 
tween centers of the poles of each 
winding. The (A) winding is connected 


directly to one side of the power sup- 


ply; the (B) winding is connected to the 
reactance or choke coil which is situ- 
ated in the base of the fan; and the (C) 
winding is connected through a resist- 
ance to the same side of the power 
supply as the (B) winding. This resist- 
ance is usually placed in the base of 


the fan. In some cases, the (C) winding~ 
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is wound with small wire and a large 
number of turns to increase its resist- 
ance, and thereby do away with the 
need of the external resistance. Due 
to the reactance in series with the (B) 
winding, the current through it lags 
behind the current in the (C) winding 
which has resistance in series with it. 
The combined currents pass through 
the (A) winding; hence the current in 
(C) will lead the current in (A) and 
the current in (A) will lead the current 
in (B). This gives an approximate 
three-phase condition with a revolving 
magnetic fleld and the motor will start. 

Speed regulation is obtained by cut- 
ting in more turns in the coil by means 
of the switch shown. Cutting in extra 
turns lowers the voltage applied to the 
winding, thus lowering the current and 
flux, increasing the slip and decreasing 
the speed. 

The motor described above has essen- 
tially a three-phase winding—the mo- 
tor shown in the middle diagram has a 
distributed-type winding, which is in 
two parts. One part is called the main 
winding and the other is the starting 
winding. The pole center of the start- 
ing winding is placed one-third of the 
pole spacing from the center of the 
pole of the main winding and overlaps 
the next pole of the main winding. The 
resistance of the starting winding is 
greater than that of the main winding; 
however, the main winding has the 
larger number of turns, hence, its re- 
actance is greater. The two windings 
are connected in parallel; hence, when 
voltage is impressed on them, the cur- 
rent in the main winding will lag 
behind the current in the starting wind- 
ing and the flux from the main wind- 
ing will lag behind that of the starting 
winding. This produces an approxi- 
mate two-phase condition with a re- 
volving field and the motor will start. 

To vary the speed, either resistance 
or a choke coil can be used in series 
with the winding; the added resistance 
or reactance decreases the voltage, 
which decreases the current and flux in 
the field, thus lowering the speed. Re- 
sistance in two steps giving three 
speeds is usually employed. 

The latest type of fan winding is 
shown in the bottom diagram. There 
are two windings in this motor, a main 
winding and a starting winding, which 
are displaced 90 deg. In the base of 
the motor is a series transformer, the 
primary of which is connected in series 
with the main winding of the motor. 
The secondary winding of the series 
transformer is connected across the 
starting winding of the motor. Since 
the current induced in the secondary 
winding of the transformer lags behind 
the current in the primary, the current 
in the starting winding will lag behind 
that in the main winding, thus produc- 
ing a two-phase effect, which starts 
the motor. 

To increase the speed of the fan, 


Three types of fan-motor windings 
in common use. 


In the top diagram is shown a three- 
Phase winding energized from a 
single-phase supply through a com- 
bination of resistance and reactance. 
In the middle diagram is a distributed 
type winding. The bottom diagram 
shows a somewhat similar winding 
with which a series transformer is 
used for starting. 
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turns are cut out of the primary wind- 
ing of the transformer, thus decreas- 
ing the reactance in series with the 
main winding, and increasing the flux 
density. l 

The iron in the transformer is 
worked at a high density; hence the 
change in number of turns in the pri- 
mary winding together with the change 
in primary current, has the combined 
effect of keeping the secondary voltage 
approximately constant. Consequently, 
a high starting torque at low speed is 
obtained. 

The advantages of this type of wind- 
ing are: greater speed range, reduction 
of power input with reduction of speed, 
high starting torque and a quiet run- 
ning motor on single-phase, due to the 
distributed type of winding. 

Detroit, Michigan. A. 
— — 


A Combination of 
Two Unusual Grounds Caused 
Shutdown of Generator 


PECULIAR failure occurred on a 
110-volt, compound-wound, di- 
rect-current generator which supplies 
light and power for a small manufac- 
turing plant. The failure occurred 
while the generator was running at 
fuil speed and while one of the largest 
motors in the plant was being started. 
The instant the arm of the motor- 
starting rheostat was pressed against 
the contact button, the pointer of the 
switchboard ammeter first indicated an 
excessive surge of current and then 
swung back to zero. It was apparent 
that the generator circuit had opened. 
It was at first supposed that the dif- 
ficulty was due to an opening in the 
series-field circuit. But when an in- 
candescent lamp was connected be- 
tween the series-field terminal and the 
negative brush terminal, at (A) and 
(B) in the diagram, the lamp glowed 
at full brilliancy, showing that the gen- 


C. RoE. 


erator was delivering full voltage at 


this point. 

It was then thought that the trouble 
might be due to a loose connection in 
the lead from the generator to the bus. 
When the connections were examined, 
it was found that the solder had melted 
out of the terminal which connects the 
positive lead of the generator to the 
main switch, shown at (B) in the dia- 
gram. This, of course, indicated over- 
heating, which could occur only by the 
passage of an excessive current. It was 
evident that the heavy surge of cur- 
rent when the motor was being started 
had caused the cable to buckle and 
withdraw slightly from contact with 
the socket, thus opening the circuit from 
the generator. 

The investigation was continued so 
as to locate the fault that caused the 
heavy flow of current. A ground was 
found on one of the motor leads, as in- 


The bedplate of this generator is 
insulated from the cement foun- 
dation. 


The generator was considered to be 
insulated from ground until it was 
discovered that current could flow 
from the bedplate through the out- 
flow pipe, in the lower right-hand 
part of the illustration, through the 
water to the sewer and to ground. 


A combination of grounds shut 
down the generator shown in this 
diagram. 

One ground occurred on the positive 
side of the motor. The negative side 
of the generator came in contact with 
the insulated generator frame. The 
accompanying illustration of the gen- 
erator shows how the insulated gen- 
erator frame was grounded through 
the outflow pipe. These two grounds 
made a short circuit across the 
generator. 


dicated at (D) in the diagram. This 


ground was caused by the positive lead 
of the motor coming in contact with a 
water pipe. 

This discovery made the trouble ap- 
pear more mysterious because the 
ground current must have a path back 
to the generator, and as the generator 
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frame was mounted on insulation, the 
generator was considered as being in- 
sulated from the foundation. 

Further investigation disclosed that 
at the point where the lead from the 
negative brushes is connected to the 
terminal block, some repair work had 
been done during the preceding night, 
a part of which consisted in resolder- 
ing the connection. Owing to careless- 
ness in doing the job, some of the 
solder had flowed down and made per- 
fect metallic contact between the ter- 
minal block and the frame. | 

This accounted for a ground on the 
positive side of the line and for a con- 
nection to the generator frame from 
the negative side of the line. How the 
current passed from ground to the sup- 
posedly insulated generator frame was 
not seen until we remembered that the 
generator bearings were water-cooled 
as shown in the accompanying illus- 
tration of the generator mounting at 
the bottom of the page. 

Although the generator bedplate had 
insulation beneath it, there was a path 
to ground through the overflow pipe 


‘shown at the bottom and at the right 


of the illustration, through the water 
to the sewer and to ground. This made 
a short circuit across the bus as indi- 
cated by the dotted line in the dia- 


gram. The short circuit traveled from 


the positive bus to the starting rheo- 
stat of the motor, to the positive lead 
of the motor, then to ground at (D), 
through the ground indicated by the 
dotted line to (E), and then to the neg- 
ative lead of the generator, which is 
eee to the negative side of the 
ine. 

It is very probable that the resist- 
ance encountered by the ground cur- 
rent in passing through the water gap 
between the outflow of the bearing 
jacket and the sewer opening is all 
that prevented a disastrous burnout 
somewhere in the system which would 


have shut down the plant. 
St. Louis, Mo. A. J. Drxon. 
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Simplifying the 
Installation of Ball Bearings 
on Main Lineshafts 


HERE were two 120-ft. lines of 

2%-in. shafting in our machine 
shop, driven by a 20-hp. Westinghouse 
motor that was installed in 1904. The 
motor operated at 1100 r.p.m. which 
was stepped down to 140 r.p.m. on both 
lineshafts through belts to one jack- 
shaft. The parallel lines of main 
shafts were connected (as was the mo- 
tor drive) by 8 in. two-ply Schieren belt- 
ing. When the installation was made, 
there were less than twenty-five ma- 
chine tools in the shop; at the time of 
which I write, there were sixty-seven 
that were driven by this motor. Al- 
though the machines were not all run 
at once there were times when a large 
number of them were in operation. 
Among them were four planers, five 
screw machines up to 1 in., twenty 
No. 7 Becker millers, and other tools 
of related capacity. 

The machinery was not all added at 
once and the increased power demand 
might have passed unnoticed, save for 
the necessity of changing 40 amp. fuses 
to 60 amp. and the frequent burning 
out of these. It was the electrical end 
of the situation that gave us the idea 
of a mechanical change. 

We got the habit of reading the me- 
ter, first in checking up our bills and 
then as a measure of the amount of 
power we were consuming. We thus 
established our average hourly con- 
sumption in kilowatts over a long 
period. Then we ran the shafting idle 
for half an hour and an hour, and 
learned that our dead load was dispro- 
portionately high. 

The main shafting was tried for 
level and alignment, but very little 
error was found. Then the counter- 
shafts were inspected to detect any un- 
necessary drag in them and some cor- 
rections were made. Machines that we 
were certain would not be used again 


Mechanical Maintenance of 


Power Drives 
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for a month had their belts shifted off 
the mainshaft pulleys and the loop sup- 
ported upon belt perches. 

But these savings in power were 
small, as had been expected and we 
passed on to a ball-bearing installa- 
tion as the real solution of the prob- 
lem. Our main shaft lines ran in bab- 
bitted bearing hangers of Dodge make; 
the countershafts were the usual het- 
erogeneous collection from machine 
tool builders and sundry makers of 
equipment. 

We selected bearings that would go 
in our present hangers; these bearings 
are of the double-row type with one 
row of balls on each side of the 
hanger, slung in a casing held between 
pivoting setscrews. The bearings are 
clamped to the shaft by split sleeves. 

For the countershafts, we put ball 
bearings only in those where the speed 
was excessive or the belt tension high. 
The installation of bearings of any 
type in a countershaft is of little inter- 
est, and this case was no exception. 

But the installation of main shaft 
bearings involves a good deal of work 
because shafting must be uncoupled 
and lowered to the floor, pulleys 
stripped, and so forth. Frankly, we 
did not like the idea of doing this work 
and told the salesman that this was 
the one thing that stood between us 
and the dotted line. He said the cost 
to us would not be excessive, as they 
would send an expert from the factory 
to help and direct at no extra charge 
and all the expense we would have 
would be the wages of two men on one 
Sunday, for after looking over our 
lines he concluded that the installation 
was a very simple job. We believed all 
this, signed up, and in due time re- 
ceived the bearings and word that our 
man would be on hand the following 
Saturday to arrange things. 

Our private opinion was that the job 
was bigger than it looked and we had 
arranged to have four of our men work 
Sunday, and that Saturday afternoon 
if wanted. We suggested the latter to 


This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 
ing element 
equipment to all driven machines. 
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through 


transmitting 


the factory expert and he agreed, al- 


though he said it was not necessary’ 


and assured us that all would be run- 
ning finely Monday morning. 

On Monday morning the shop was in 
a sickening plight. Belts off every- 
where, pulley halves scattered about 
the floor, nicely piled material knocked 
galley-west, dirt and litter over all. 
And what was worse, there were only 
eight out of twenty-eight bearings in 
their hangers. Our expert had skipped 
town, with word that he would be back 
next week. 

It took us all the morning to get 
straightened out and ready to go to 
work in the afternoon. It might be 
added that the factory expert failed to 
show up the following week and 
through this failure we came in con- 
tact with the job of installing most of 
the bearings. 

In attacking the job ourselves, we 
decided that it was wholly unnecessary 
to lower the shafts to the floor; also, 
that no pulleys need be removed, save 
those which interfered with the bear- 
ings in sliding them to position, and 
that no belts needed to be unhooked. 
As most of the belts had been installed 
and were running satisfactorily before 
we had a belt lacing machine, the task 
of unfastening these and connecting 
them up again was no small item—this 
item we intended to eliminate. 

Our method was to provide a resting 
place for each length of shafting as it 
was taken out, right up in the air 
alongside its regular position. As the 
ball bearings were much larger where 
the case surrounded the balls than the 
space inside the hangers, it was neces- 
sary to get the shafts out of the hang- 
ers in order to slide the bearings in po- 
sition, and then put the assembled job 
back, dropping the concave part of the 
casing over the pivotal set screw of 
the hanger. In this case the hangers 
were of the side outlet type, the gap in 
the hanger frame casting being closed 
by two links bolted on. 

The accompanying illustration shows 
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the rests we made up. A side view of 
the rest in place on a post underneath 
the shafting is shown at (A); (B) isa 
sectional view from above. As will be 
seen they are extremely simple and 
cheap to make—and they proved 
equally efficient. The building con- 
struction included 8-in. by 8-in. oak 
posts set on 8-ft. centers and the over- 
head beams rested on these posts. The 
hangers were suspended from the 
beams, and the center line of the shaft 
was 15 in. out from the posts. The 
hangers had been erected with their 
opening side toward the posts—this 
was a little more convenient for us, 
but our scheme would have worked had 
the hangers been reversed. f 

The rests we made were U-shaped 
pieces of flat steel. They were sized 
at the open end to fit the posts, and 
the loop ends were made long enough 
and of such width that they extended 
several inches beyond the shaft and 
would admit the new bearings, which 
were somewhat longer than the plain 
ones which we were taking out. Three 
of these rests were made up and were 
amply sufficient for the jab, as the 
shafting was in 20-ft. lengths. 

In use, one of the bolts was taken 
out of the open end, so the rest could 
be put around the post. The bolt was 
then inserted, the rest shoved up 
against the under side of the shaft and 
both bolts securely tightened. These 
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rests not only served to support the 
shafts as we took them out but they 
were a very close guide in re-aligning 
the shaft vertically when it came to 
adjusting the hanger screws to the 
new boxes. 

The loop end was also very useful in 
lifting the shaft out of tke hanger 
pocket. Standing on horses or lad- 


ders, it is neither easy nor safe for 


men to juggle 200-lb. pieces of shaft- 
ing, as the crew who had worked with 
the factory expert were quite willing to 
testify. With these rests, a small bar 
was used to pry the shaft up and out; 
in replacing the shafts, the same pro- 
cedure was followed. The application 
of the bar is shown by dotted lines on 
the drawing. | 

With the shaft lengths laid out on 
the rests, it was a short job to get off 
the couplings and slide on the bearings. 
What pulleys had to be removed, were 
taken off first and these were not re- 
placed until the lengths were coupled 
up again. 

The free end of the shaft was aligned 
with the opposite end (the end which 
was coupled up) and then the center 


With a simple rest like this it is 
not necessary to take shafting 
down when ball bearings are in- 
stalled. 


At A is shown a side view of the 
rest fastened to a post and support- 
ing one end of a section of shafting. 
B is a plan view. 
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was brought up. Then the rests were 
taken off and moved to the next length. 
While some of the men were placing 
the rests in position, others were ad- 
justing the top setscrews of the hang- 
ers and applying pulleys and belts to 
the length just assembled. In this way, 
the shafting was all ready for business 
by the time the section ahead was well 
under alteration. 

This method was so successful that 
the man-time per bearing installed was 
less than one-third of what it was for 
the few that were installed by the fac- 
The absurdity of 
lifting out and lowering heavy pieces 
of shafting with bulky pulleys on them 
cannot fail to be apparent—the labor 
involved is exceeded only by that re- 
quired to raise the shafts back again. 
Yet countless instances of shafts low- 
ered are recorded. Sometimes tackles 
and hoists are employed; after much 
work to secure the necessary headroom, 
these can often be used and they do 
save labor but the risk is increased, as 
witness the accidents resulting from 
shafts tipping and sliding out of their 
slings when, say, ten or twelve feet in 
the air. 

Rests or supports are very easily 
made. They save their cost a dozen 
times over, on even a small job. Those 
made up for the job described above 
were retained in the stock room and 
have been of occasional use since. 
Also the same idea has been applied in 


other locations. In this case, the prox- 


imity of the posts suggested the de- 
sign. In another location about the 
plant, a ball-bearing installation was 
made where the hangers were bolted to 
steel beams and here U-shaped pieces 
were forged up with a 10-in. flat sec- 
tion at the bottom and with clamping 
pieces at the top to fit the beam. This 
was used as a stirrup to support the 
shaft while making the change to ball 
bearings. 

As to the results obtained from the 
use of ball bearings on our lineshafts, 
I have no record of the saving of 
power, in kilowatts, but I recall that 
there was a most noticeable difference 
in the bills and I do know that soon 
after they were installed we began to 
hook on machine after machine and it 
did not bother the already theoretically 
overloaded motor a bit. 

Out of the ball bearings installed I 
have had one set ge bad in about ten 
years. That was returned without lo- 
cal investigation and a service charge 
made for the repairs. That is the only 
expense we have been to in the matter 
of shaft bearings. They are oiled every 


six months. 


For that matter, the Dodge babitted 
bearings never cost a cent for mainte- 
nance in an even longer period. They 
were oiled every four weeks. 

I should say that the change we 
made is worth while for anyone. I put 
ball or roller bearings in machinery 
wherever I can, to cut the inevitable 
renewal expense, if for no other rea- 
son. It is interesting to note that these 
shafts run for thirty-eight seconds 
after the switch is opened—just time a 
shaft with plain bearings for com- 
parison. DoNALD A. HAMPSON. 


Plant Superintendent, 
Morgans & Wilcox Mfg. Co., 
Middletown, N. Y. 
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An Easy 
Method of Moving Armatures 
Around the Shop 


ANY small repair shops do not 
have an overhead traveling 
crane to move armatures around the 
shop. In the electric repair shop of our 
plant we have a small chain block in 
the center of the room, which we use 
to take apart the motors brought in 
for repairs. When the armature is 
lifted out by the chain block, the 
wooden wheels, shown in the illustra- 
tion, are placed on the ends of the ar- 
mature shaft. These keep the arma- 
ture off the floor, thus keeping the 
winding from being rolled in the dirt 
and steel cuttings on the floor. Also, 
it affords a very convenient means of 
moving the armature around the shop. 
The armature can be very easily rolled 
to any desired spot, and it can be 
moved in very cramped quarters. By 
turning one wheel one way and the 
other wheel the other way, the arma- 
ture can be turned end for end in a 
very small space. 
The wheels are made from 2-in. 
planks and are about 4-in. larger in 


Wooden wheels placed on the end 
of the motor shaft afford a con- 
venient means of moving an arma- 
ture around the shop when no 
overhead crane service is available. 


In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 


cial attention is given to shop or bench tools and short cuts 
or improved methods. Contributions are always welcome. 
pa = aE e a 


diameter than the armature on which 
they are to be placed. Two circular 


_pieces are nailed together with the 


grain of one at right angles to the 
grain of the other. Then a hole, a lit- 
tle larger than the armature shaft, is 
drilled in the center of the wheel. Al- 
though a large wheel will fit most of 
the smaller armatures, it will be found 
more satisfactory to have several sizes 
of wheels, particularly if the range of 
armature sizes handled in the shop is 
very great. O. C. CALLOW. 


Chief Electrician, 
Trumbull Cliffs Furnace Company, 
Warren, Ohio. 
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Two Simple 
Methods of Counting Coil Turns 
During Winding 

T IS usually necessary to know the 

number of turns being wound in a 
coil. I will describe two methods 
which I have used successfully and the 
reader may pick the one most easily 
adapted to his conditions. 

The simplest means of counting 
turns is by using the ordinary revolu- 
tion counter. For this purpose a tight- 


fitting wooden plug is driven into the. 


outer end of the hollow spindle of the 
lathe used for winding. A small hole 
is made in the center of the plug and 
the “business end” of the revolution 
counter is fitted snugly in the hole so 
that the revolution counter is sup- 
ported by this end in the axis of the 
lathe spindle. If the gears are well 
lubricated with sewing machine oil, it 
will be found that the weight of the 
counting mechanism is quite sufficient 
to cause the revolution counter to hang 
vertically, even at high lathe speeds. 
Now if the screw in the center of the 
dial of the counter is loosened so that 
there is just enough friction to cause 
the dial to revolve without slipping, the 
dial may be easily reset with the fin- 


stem. 
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ger after a coil is wound. This will 
make it unnecessary to run the lathe 
to reset the dial to zero. 

The second method of counting coil 
turns is by the use of the recording 
counter of an ordinary electric meter. 
A plug of wood is fitted into the hollow 
spindle in the manner described above, 
but instead of drilling a hole a staple 
is driven into the outside end of the 
plug. The unit hand of the recording 
counter is removed and a small loop 
of No. 18 copper wire is soldered to the 
The recorder is mounted at 
right angles to the lathe spindle, with 
the shaft of the recorder parallel to 
the spindle axis and as close to the 
spindle as it can conveniently be placed. 
The recorder may be fastened to the 
wall, to a bracket from the wall, or to 
a bracket from the back of the lathe. 
A No. 12 wire is connected at one end 
to the staple on the spindle plug by 
means of a small loop. The other end 
is connected to the loop on the first 
stem of the recorder. This arrange- 
ment makes a drive with two universal 
couplings, hence it is not necessary 
that the apparatus be exactly in line. 

Readings may be taken in the usual 
manner, by subtracting the original 
reading from that obtained after the 
coil is wound, although it is best to de- 
termine the final reading beforehand 
and when the hands come to this read- 
ing you will know that the coil is com- 
pletely wound. SAMUELS. 
Oakland, Calif. 
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Handy Tool-Post Wrench Which 
Stays On the Post 


HE lathe tool post is a source of 

delay when it comes to shifting 
the tool position between cuts. Time 
is consumed in stooping to pick up the 
wrench, placing it on the tool post and 
removing it before starting the cut. 
This time can be saved through the 
adoption of a special wrench which was 
devised by one mechanic. In this 
wrench, which is illustrated here, the 
handle is made to swivel and hangs 


White 
WM WW 6 Wy, 


Whi 


* 


-= 


This tool-post wrench will save 
time when shifting the position of 
the tool between cuts. 
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along the post stub when not being 
used to turn the screw. 

The wrench is made from two steel 
strips, one of which is bent to the shape 
of the screw head and the other to a 
single bend forming the handle. These 
parts are fastened together with a 
bolt, the end of which is riveted over 
to prevent loosening. The wrench oc- 
cupies but small space, is always at 
hand and through its use no time is 
lost shifting the tool position. 
Washington, D. C. G. A. LUERS. 
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Method of Balancing Armature 
by Use of Rails 


OR the repair shop the most prac- 
i tical method of balancing an ar- 
mature is by means of two level 
straight-edges or rails, as shown in 
the illustration. After being repaired 
the armature is placed with its shaft 
resting on the rails and is tried in sev- 
eral positions by rotating it until dif- 
ferent sides are on top. If it stands 
still and does not tend to roll in any 
position, it may be considered to be 
alanced. If it tends to roll, the un- 
balance is counteracted by fastening a 
weight temporarily on the outside of 
the armature. In the illustration, this 
weight is a piece of ribbon solder- and 
is held on the armature by a piece of 
tape. This weight must be adjusted 


both as regards size and position until 
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the armature will remain at rest in 
any position. The location of the 
weight is then marked. After this, a 
permanent weight of the same mass as 
the one used for trial is permanently 
fastened on. In some armatures there 
are holes drilled for holding such bal- 
ancing weights. A piece of solder of 
the proper weight may be placed in 
such a hole. In other cases, a small 
hole may be drilled and tapped in the 
spider and a weight fastened by means 
of a small bolt. 

This method of balancing may not 
give satisfactory results with machines 
running over 1,800 r.p.m., or with very 
large machines running at even lower 
speed. In such cases, the machine 
should be balanced while running. A 
balancing machine gives the best re- 
sults, of course, but this is seldom 
available in the ordinary repair shop. 

Balancing may also be done by op- 
erating the machine without load at 
normal speed and marking the shaft 
with a piece of chalk or a pencil. This 
should be held at both ends of the shaft 
just close enough to touch on the high 
side if the machine is out of balance. 


The shaft of the armature is placed 
on two level and parallel rails and 
weight added if necessary until the 
armature will remain in any posi- 
tion without rotating. 
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Then the machine is stopped and 
weights are added on the side opposite 
to the marks on the shaft. In making 
the trials the weights may have to be 
put first on one end of the armature 
and then on the other. Various posi- 
tions should be tried until the vibra- 
tion when running is eliminated. ` It 
may even be necessary to put a weight 
on one side of the shaft at the com- 
mutator end and on the other side at 
the other end. This is simply a cut- 
and-try method and a good deal of 
patience is required, but by repeated 
trials it is usually possible to get an 
armature or rotor well balanced. 

New York, N. Y. H. E. H. 
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Three Interesting Experiences 
in Repairing Generators 


ERE are some experiences which 
I have had in repair work and am 

passing on in the hope that they may 
help to save time and trouble for other 
readers of INDUSTRIAL ENGINEER who 
may find a similar difficulty. l 

One of my interesting experiences 
was in a packing house where a direct- 
current generator would not build up. 
The armature had been taken out and 
repaired and when it was put back into 
service the machine would not operate. 
Investigation showed that the engineer 
had put on a new set of brushes and 
had sanded them to fit the commutator 
perfectly. The brush holders, however, 
were of a type in which the brushes 
are fastened solidly in the holder with 
screws. The holders had worn enough 
to cause the brushes to strike the com- 
mutator only at the back corners, when 
the machine was started. After sand- 
ing the brushes in again, being careful 
to pull the sandpaper only in the di- 
rection the armature turned, the ma- 
chine picked up its load without diffi- 
culty... a 

At another time some shunt field 
coils for a compound-wound generator 
were rewound and when the fields were 
put in the machine would not work. 
When rewinding, approximately the 
same weight of wire had been inserted. 
in the new coils although but little at- 
tention had been paid to the number of 
turns. The generator had been con- 
nected as a short shunt—that is, the 
shunt lead had been connected to a 
compound lead for a line. When the 
new winding showed trouble, this short 
shunt was changed.to a long shunt by 
putting the shunt lead onto the arma- 
ture and compound leads. The ma- 
chine then built up properly. The en- 
gineer said that before this the ma- 
chine had required about three minutes 
to build up its voltage, whereas it now 
takes only about half a minute. Prob- 
ably the machine had been over-com- 
pounded and the resistance of the com- 
pound cut out all the voltage that the 
armature would generate from the 
residual magnetism. 
On another compound-wound gener- 
ator that was connected short shunt, 
the machine ran extremely hot. When 
it was changed to a long shunt, the 
machine ran considerably cooler. I 
never could understand why this was, 
but this is what happened when we 


made the change. 


Peoria, III. GEORGE RINGNESS. 
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Improvements in 
Bearing Service 


(Continued from page 270) | 


except where the sleeves are split. 
(6) Their starting friction is prac- 
tically the same as their running fric- 
tion, which is of considerable ad- 
vantage. (7) Their running friction is 
so low, regardless of load or supply of 
lubricant, that appreciable power sav- 
ings result. 

Here it is no more than fair to plain 
bearings to note that their running 
friction, provided all conditions are per- 
fect, is also low. The fact is that con- 
ditions seldom approach perfection for 
any period of time and troubles arise 
as conditions vary. 

In a vertical motor, the ball bearing 
stands almost alone. Here thrust and 
radial loads are present together, with 
a problem in lubrication. These condi- 
tions can be met easily by a properly 
designed ball bearing application with 
no greater difficulties than the hori- 
zontal motor presents. 

Further, regarding motor position, 
gome people hang their motors upside 
down from the ceiling and some put 
them on the floor and belt up to ceil- 
ing-hung shafting. For the sleeve- 
type bearing, especially of the split 
construction dependent on oil grooves, 
rings, chains or wick packings, this re- 
quires some provision for moving the 
bearing and housings around to take 
care of load direction. A ball-bearing 
equipped motor simplifies this construc- 
tion in that load direction to the ball 
bearing is not a factor of its satisfac- 
tory service. Plain bearings could be 
designed to take care of some of the 
above conditions. The disadvantages 
would be cost and lack of uniformity, 
each company designing their own. 


Brakes for Stopping 
‘Rotating Parts 


(Continued from page 274) 


several ways of fastening lining to 
the shoe. One method is to counter- 
sink the face of the shoe and drive 
a part of the woven lining into the 
countersunk space by means of cop- 
per rivets. This is the same method 
used in attaching automobile-brake 
linings. It is a very simple method 
and eliminates any chance of the lin- 
ings loosening and at the same time 
permits the maximum amount of 
wear from the linings. Another 
method is shown in Fig. 7. Wooden 
blocks are surfaced so as to accur- 
ately fit the face of the brake wheel. 
The lining is glued to the surface 
of the blocks and is also held by 
countersunk brass screws. The ends 
of the lining lap over the ends of 
the wood block and are nailed there- 
to The block is then inserted under 
the lugs of the shoe. 

In the disc-type brake there are 
two sets of friction plates; one is 
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Here the ball bearings are supreme 
in that their diameters and widths are 
established and their limits of accuracy 
standardized, each bearing of a given 
number being interchangeable with an- 
other of the same number even of dif- 
ferent makes. This includes not only 
American but foreign-made bearings. 

In conclusion the ball-bearing 
equipped electric motor is today serving 
where no other bearing has stood up. 
Almost universally where service con- 
ditions are unusually severe an investi- 


The dimensions given in the tab'e 
below refer to this diagram. 
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gation will show this is true, their se- 
lection being due entirely to the need 
of continuous service, other advantages 
being incidental. 

Gurney Ball Bearing Co., Jamestown, 
N. Y.: This company has furnished the 
following table showing the sizes of 
bearings which they recommend for 
horizontal industrial electric motors. 


4 ommatater End Bearieg 
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Ball Bearing Recommendations 
For Equipping Horizontal Industrial Electric Motors 


y 5 1 5 
OTOR LLE Abs EARING SIZES 
IrEM |[Moror| SPEED TORGUE Rotor j z 
No. Hr. R. P. M. Fr. LBS. Las. | A B C 1D) E CTCou u Put. | Comm. PuLLEY 
1 12 1800 | 1.46] 12 |63| 21| 2. 213| 114| 20 57 | 203 Rad | 204 Rad 
2 1 1200 | 2.19 t,t. 1. | 32| 80 | 203 Rad 205 Rad 
3 1 | 1800] 2.92 | 20 | 7/2} 2%) 33 | 2 35 | 100 | 203 Rad | 205 Rad 
4 1 | 1200] 4.38 jg mar — | | 48| 132 204 Rad 206 
5 2 1800 | 5 84 | 30 | 8%) 3 | 1%] 372 2 50| 160 | 204 Rad | 206 Rad 
6 1 900 5 84 560 155 | 304 Rad 306 Rad 
7 2 | 1200 | S. 76 40 | 945] 334) 1% 4 3 77 | 222 | 304 Rad | 306 Rad 
8 3 | 1800] 8.76 77 | 222 | 304 Rad | 306 Rad 
9 2 900 | 11.68 | nd 95 | 265 | 305 Rad | 307 Rad 
10 3 | 1200] 13.14 | 50 10% 33| 13s] 4% 3½ 100 | 293 | 305 Rad | 307 Rad 
11 5 | 1800 | 14.60 10 | 323 | 305 Rad | 307 Rad 
12 3 | 900 | 17.52 | |} || 125| 355 |305 Rad | 308 Rad 
13 5 | 1200] 21.9 | 60 11% 41, 1% 5 |421| 145 | 433 |305 Rad |308 Rad 
14 714| 1800 | 21.9 145 | 433 | 305 Rad | 308 Rad 
15 5 900 | 29.2 ~~ | 170 | 490 306 Rad | 309 Rad 
16 712] 1200 | 32.8] 80 12% 434| 1246 | 5 | 185 | 545 | 306 Rad | 309 Rad 
17 10 | 1800 | 29.2 170 | 490 | 306 Rad | 309 Rad 
18 7%| 900| 43.8 223 | 635 | 307 Rad | 310 Rad 
19 10 | 1200] 43.8 | 110 [1334] 5 | 1741 7 | 514] 223 | 635 | 307 Rad | 310 Rad 
20 15 | 1800| 43.8 223 | 635 | 307 Rad | 310 Rad 
21 10 900 | 58.4 I 973 | 755 308 Rad | 311 Rad 
22 15 | 1200 | 65.7 | 140 |14%| 542] 2t%1 8 | 6 | 295 | 837 | 308 Rad | 311 Rad 
23 20 | 1800 | 58.4 273 | 755 | 308 Rad | 411 Rad 
24 15 900 | 87.5 357 | 997 | 309 Rad | 312 Rad 
25 20 | 1200 87.5 170 15% 6 |2x|9 | 7 | 357 | 997 309 Rad | 312 Rad 
26 25 | 1800| 73 317 | 850 309 Rad | 412 Rad 
27 20 900 | 117 435 | 1207 | 310 Rad | 313 Rad 
28 25 | 1200 | 110 | 210 [17 | 63312 ho | 8 | 418 | 1145 310 Rad | 313 Rad 
29 30 | 1800] 87.5 360 | 935 310 Rad | 413 Rad 
30 20 600 | 175 610 | 1765 311 Rad | 314 Rad 
31 25 900 | 146 250 18% 7 |2 o |o | 538 1400 | 311 Rad | 314 Rad 
32 30 | 1200] 131 500 | 1368 | 311 Rad | 314 Rad 
33 401800 117 465 | 1235 | 311 Rad | 414 Rad 
3 2390 125 5731535 312 Rad 315 Rad 
36 40 1200 175 300 20 77, 274/12 05731535 312 Rad | 415 Rad 
37 50 | 1800] 146 507 | 1300 | 312 Rad | 415 Rad 
| i | m] z 73 | 3000 | 13 Rad | e 
: 40 i r 13 Rad | 416 Rad 
40 so | 1200| 219 | 350 j22 | 874) 2 2 1685 | 1890 |313 Rad |416 Rad 
41 60 | 1800| 175 595 | 1557 | 314 Rad | 316 DR 
42 40 600 | 350 890 | 2540 |314 Rad |317 Rad 
44 60 | 1200| 263 740 | 1980 | 314 Rad | 417 Rad 
45 75 1800 219 665 | 1700 | 315 Rad |317 DR 
46 50 600 | 438 1085 | 3145 | 316 Rad | 418 Rad 
47 60 900 350 500 26 | orl 3 14 13 | 935 | 2585 | 316 Rad | 418 Rad 
48 75 | 1200] 328 | | 900 | 2443 | 316 Rad | 318 DR 
49 | 100 | 1800] 292 835 | 2210 | 316 Rad | 318 DR 
50 60 600 | 525 1170 | 3335 | 317 Rad | 419 Rad 
51 75 900 | 438 600 287210 | 3 16 14 | 1040 | 2845 317 Rad | 419 Rad 
52 | 100 | 1200] 438 1040 | 2845 | 317 Rad 319 DR 
53 75 600 657 1410 | 3820 | 318 Rad | 420 Rad 
54 100 900 | 584 | 800 31 hii 3 lis 16 | 1310 | 3455 | 318 Rad | 320 DR 
55 | 125 | 1200] 547 1263 | 3268 | 318 Rad | 320 DR 
56 | 100 600 | 875 | l 1740 | 4630 | 320 Rad | 322 PR 
57 | 125 goo | 730 | 1000 337212 % 4 20 fis | 1565 | 3970 | 320 Rad |322 DR 
58 | 150 | 1200] 657 1475 | 3640 | 320 Rad | 322 DR 
59 | 125 600 | 1093 ; 2055 | 5330 | 322 Rad 324 DR 
60 900 | 875 120036 13 7% 4 22 |20 1805 | 4430 |322 Rad |324 DR 
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known as the friction disc and ro- 
tates, the other is called the fric- 
tion plate and is stationary. A cross- 
section of these is shown in II of 
Fig. 6. The rotating discs are made 
of steel and lined on both sides with 
a woven-asbestos lining. This lin- 
ing is held in place by counter-sunk 
copper rivets. The stationary plates 
are made of iron and are machined 
on both sides. 

Brake bands as used on band-type 


brakes are made of flexible sheet. 


steel. There are cast or forged ears 
on each end of the band to provide 
means for anchoring the dead end 
and for attaching the live end to 
the actuating lever. The most com- 
mon linings on band brakes are wood 
blocks, composition friction blocks, 
leather and woven-asbestos material. 
The last is probably the most used. 
It is fastened to the band in the 
same manner that has been described 
for shoes and discs. 

The second part of this article 
will appear in an early issue. In it 


will be discussed: brake linings; how | 


brakes are rated; how to select 
brakes; data required when order- 
ing; mounting, installation, adjust- 
ing, testing and maintenance of 
brakes, together with the troubles 
commonly experienced with them. 
Eprrorn’s Nore: Special acknowledg- 
ment is made to the following com- 
panies for assistance in furnishing in- 
formation, data and illustrations for 
this article: Allis-Chalmers Mfg. Co., 
Milwaukee, Wis.; E. C. Atkins & Co., 
Indianapolis, Ind.; Commercial Chemi- 
cal Co., Boston, Mass.; Cutler-Hammer 


Fig. 10—At (A) and at (B) are 
multiple-solenoid brakes which give 
graduated braking. 


These brakes are in use on wound- 
rotor, induction motors driving the 
main hoist and the auxiliary hoist of 
a 16-ton crane. At C is an alternating- 
current solenoid brake operating on 
the trolley motor of the crane. D is an 
emergency brake for the main hoist. 
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Mfg. Co., Milwaukee, Wis.; Electric 
Controller & Mfg. Co., Cleveland, Ohio; 
General Electric Co. z Schenectady, 
N. Y.; Kelso Mfg. Co., Trenton, N. J.; 
Sundh Electric Co., Inc., Newark, N. J.; 
Thermoid Rubber Co., Trenton, N. J.; 
Tool Steel Gear and Pinion Co., Cincin- 
nati, Ohio; Westinghouse Electric and 
Mfg. Co., East Pittsburgh, Pa. 

In compiling this article information 
has been obtained from a chapter on 
electric brakes in a new book, “Prin- 
ciples of Electric Motors and Control, m 
by Gordon Fox, published by the 
McGraw-Hill Book ` o., and also from 
an excellent paper, “ Auxiliary Electri- 
cal uipment for Motor-Operated 
Cranes, presented before the A. I. E. E. 
in 1922 by H. W. Eastwood. 


— — 


Improving Wiring 
Around Machinery 


(Continued from page 281) 


National Electrical Code specifies 
that there shall not be more than 
the equivalent of four quarter-bends 
between two consecutive outlets or 
fittings, the bends at the outlets not 
being counted. 

Bending of conduit should be 
avoided wherever possible; standard 
elbows or condulet fittings are pre- 
ferred. Although the material cost 
of doing the job in this way may be 
high, the increased labor cost and 
spoiled material resulting from com- 
plicated conduit bending may coun- 
terbalance this. 

When using large wire, such as 
No. 00 in the 2-in. and larger sizes 
of conduit, use rear-cover condulets 
instead of those having covers on 
the side. With condulets having 
covers on the sides, it will be found 
almost impossible to force the wire 
through the outlets unless extra 
flexible wire is used, because of the 
small working space between the 
side outlet and the side of the con- 
dulet opposite the outlet. 
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Flexible metallic conduit is a great 
labor saver in tight quarters where 
several odd bends are required. It 
is also useful in places subjected to 
vibration that would loosen rigid 
conduit. It is the idea] connecting 
link between the motor condulet and 
the nearest solid support such as the 
ceiling, floor or wall where the rigid 
conduit begins. . 

Don’t locate conduit too conspic- 
uously, yet have it accessible. Con- 
duit running across a floor should 
be buried below the surface or car- 
ried overhead and not run as con- 
spicuously as shown in illustration F, 
page 276. Conduits running be- 
side each other should be parallel 
and the bends in them should match. 
There is nothing more unsightly or 
more indicative of poor workmanship 
than four or five conduits running 
together, each with uneven and un- 
equal bends. Conduits should be 
kept as close to the wall as possible, 
in the structural work, along the 
ceiling and the like, rather than run 
exposed with no protection. 

In industrial works, all open work 
or knob-and-tube work should be 
avoided. Conduit work and under- 
ground cable work have been proved 
to be worth far more than the addi- 
tional cost, in mills and factories. 

Every so often some wireman will 
install a condulet having a cover, so 
that it is covered with cement, thus 
making it impossible to pull wires 
in or out without knocking a hole 
through the cement. It is a foolish 
thing to do, but it is done; so I men- 
tion it in passing. There are spe- 
cial condulets made for concealing 
in concrete, which have smooth bends 
similar to elbows and made without 
handholes and covers. Some wire- 
men use loom in exposed locations to 
protect wires that would otherwise 
be bare. That idea is all right, but 
the application of it is not. Flexible 
metallic conduit should be used in 
such places in the industrial plant. 

The cost of wiring a given instal- 
lation should be the last considera- 
tion in the layout of the job. Good 
wiring does not cost a great deal 
more than poor wiring and yields 
large returns in the form of de- 
creased maintenance cost, less pro- 
duction delays, and fewer accidents. 

Ebrron's Note: Special acknowledg- 
ment is made to the Brunswick-Kroe- 
schell Co., Chicago, Ill., for some of the 
pictures which show the excellent wir- 
ing in its factory, and to C. V. Putnam 
of the Reliance Electric & Engineering 
Co., Cleveland, Ohio, for suggestions 


and assistance in obtaining many of 
the illustrations used. 
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Best Ways to Use 


Insulating Varnish 
(Continued from page 287) 


loosened in service are tightened up 
and the coils are cemented in place. 


SECURING RESISTANCE 


METHOD OF 
; TO ACID 


- Resistance to acid fumes may be 
obtained by the same general proc- 
ess of treatment as has been out- 
lined before. Thorough protection 
can only be expected when a smooth, 
glossy coat has been secured having 
no breaks in the continuity. 

Method.—When the acid condi- 
tions are severe from two to four 
baked coats followed by heavy appli- 
cations of suitable air-drying prod- 
ucts will produce excellent results. 
The quick air-drying products, while 
quite unaffected by dilute hydro- 
chloric or sulphuric acids, crack in 
service and allow the acid to get in 
under the film and actually lift the 
varnish from the surface. It is, 
therefore, better to use less brittle, 
slower-drying materials even at the 
expense of some slight increase in 
‘production cost. 

Of the three major active acids 
hydrochloric and sulphuric are the 
easiest to protect against. Nitric 
acid on the other hand is much more 
powerful and will destroy any var- 
nish so far made. When nitric acid 
fumes are present and all of the 
foregoing precautions have been 
taken in the treatment, it is best to 
go over the apparatus periodically 
and neutralize the acid by washing 
with a dilute alkali solution. The 
added maintenance expense is well 
worth while because when properly 
done this operation will prevent the 
necessity of frequent re-winding 
operations. 


PROVIDING RESISTANCE AGAINST OIL 


This problem is similar to the 
other two insofar as treatment is 
concerned. The chief difference is 
in the choice of a suitable varnish. 
While one material may work well 
for both of the other problems it 
will not be at all adapted for ex- 
treme conditions such as are experi- 
enced in oil-cooled transformers. It 
is best in this case to consult the 
varnish manufacturer and select 
that material which has been de- 
signed for this purpose. Resistance 
to oil can be obtained only when the 
coils are completely and perfectly 
sealed and the varnish film baked un- 
til it is dry and hard. The soft, flex- 


| INDUSTRIAL ENGINEER 


ible materials become oil resisting 
only when they are baked for a suffi- 
ciently long period or at a suff- 
ciently high temperature so that 
they lose, to some extent, their flexi- 
bility and become as hard as those 
products having shorter life. 

Any product that will withstand 
transformer oil will withstand ma- 
chine oil. Many materials that will 
not resist the former will be en- 
tirely suited for protection against 
the latter. 

As a finishing coat over baked 
films, to secure additional protec- 
tion, the alcohol-solvent varnishes 
are entirely suitable. They are very 
impervious to oil, but it must be 
borne in mind that they become in- 
sulators only when thoroughly dry 
and allowance must be made for this 
fact in the testing of the completed 
apparatus. i 

In selecting materials for these 
three classes of work remember that 
acid-resisting products are generally 
water resisting also, but they are not 
absolutely acidproof. 


PROTECTING AGAINST METALLIC 
DUST 


In most cases protection against 
metallic particles, carbon dust, etc., 
has been secured automatically when 
other conditions have been fulfilled. 
When conditions are extreme it is 
sometimes necessary to adopt ex- 
treme measures. A hard, smooth 
surface will prevent these particles 
from adhering and cutting their way 
through the insulation. This may 
usually be obtained by the use of a 
hard, air-drying varnish as an outer 
covering. When difficulty is still ex- 
perienced it may be overcome by the 
use of a hard-setting cement which 
may be prepared in the shop. 

General Remarks.— It must be re- 
membered in reading the foregoing 
that we have been dealing with each 
problem separately and considering 
each condition as extreme. It is 
hoped that the reader will be able to 
adapt the procedure to his own indi- 
vidual needs. The problems seldom 
come singly. In motor treatment, 
for instance, we do not usually have 
to protect against moisture alone. 
Some oil will be splashed upon the 
windings. Furthermore, it is not al- 
ways certain that the motor will not 
be placed in an atmosphere contain- 
ing some acid fumes. Again, it may be 
used to drive a grinding or buffing 
machine where the metallic par- 
ticles will be thrown upon the wind- 
ings. Also the design of the arma- 
ture may require that the varnish 
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be the principal factor in holding the 
coils in the slots. A varnish for such 
service must, therefore, combine all 
of the characteristics which we have 
described. It must sacrifice protec- 
tion in some directions for increased 
protection in others. 

Another section of this article 
will take up conductor corrosion and 
other varnish problems. 


— —— 


Testing Insulation 
of Windings 


(Continued from page 283) 


Whether conditions of. this sort 
can be maintained and whether such 
a test is desirable are questions diffi- 
cult to answer. Not until operating 
conditions are standardized and op- 
erators’ ideas on the subject corre- 
lated, can a satisfactory answer be 
obtained. The following tests have 
been used successfully under various 
operating conditions. 

After the generators have been 
carefully examined and thoroughly 
cleaned they should be run on open 
circuit with sufficient excitation to 
raise the terminal voltage about 25 
per cent above normal for five min- 
utes. After the test, the voltage is 
reduced to normal and the several 
terminals grounded in succession. In 
making this test, arrangements 
must be made to break the field cur- 
rent instantly in case of failure. 

This test is more searching than 
the application of an equivalent al- 
ternating-current potential from a 
testing transformer. The latter 
or so-called high-potential test is 
usually made between the windings 
and ground, whereas the generated 
voltage test described is in reality 
a test from turn to turn, from coil 
to coil, and from phase to phase. 

A test frequently used on the 
windings of revolving fields is to 
subject them to two or three times 
normal exciting voltage, applied be- 
tween one terminal and the shaft. The 
test should be applied while the field 
is running at normal speed and may 
be made with either direct or alter- 
nating current, as convenient. 

High-potential tests using a test- 
ing transformer vary widely with 
different operators. Tests are re- 
quired on armatures ranging from 
10 to 60 per cent over normal and 
are applied for periods of time vary- 
ing from one to thirty minutes. On 
revolving fields, voltages up to six 
times normal are applied for widely 
varying periods. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


The Borden Company, Warren, Ohio— 
A folder describes the new 106, 108 
and 112 Beaver pipe cutters. These 
not only cut the pipe square without 
burrs, as do the other Beaver cut- 
ters, but are operated on a different 
principle which permits the oper- 
ator to cut the larger sizes by han 
quickly and easily. 


Armstrong Brothers Tool Company, 
317-357 North Francisco Avenue, 
Chicago, Ill.—Catalog B-23 covers 
the new line of pipe tools, dies, 
stocks, cutters aiid. chain wrenches 
as well as a line of tool holders, 
ratchet drills, wrenches and other 
machine shop equipment. 


Independent Pneumatic Tool Company, 
600 West Jackson Boulevard, Chi- 
cago, Ill—This company announces 
a new Thor reversible electric tap- 
ping machine, size UKR, for tapping 
small holes up to 8/16 in., and for 
retapping larger sizes up to 5/16 in. 
The reverse is strictly mechanical 
and so is claimed to eliminate the 
shock to the armature, which often 
occurs when a drill is reversed by 
electric current. 


Crouse - Hinds Company, Syracuse, 
N. Y.—Bulletin 2054 describes condu- 
lets of the FA series. These condu- 
lets are provided with tumbler 
switches and covers and are designed 
for industrial purposes. 


The Johns-Pratt Company, 160 Huy- 
shope Avenue, Hartford, Conn.—A 
new folder entitled “Going Under 
Ground” describes some of the Noark 
underground boxes fitted with Noark 
fuses which it is claimed simplify 
installation, give a watertight con- 
struction for the protection of fuses 
in cable connections and safeguard 
against mechanical injury in under- 
ground transmission and distribu- 
tion systems. 


Janette Manufacturing Company, 556- 
558 West Monroe Street, Chicago, Ill. 
—A series of monthly bulletins en- 
titled “Janette Talks” are issued and 
mailed to those interested as a me- 
dium of interest and a means of pre- 
senting the advantages of Janette 
special motors. 


Industrial Controller Company, Mil- 
waukee, Wis.—A circular illustrates 
the construction and operation of the 
Class 8605 oil-immersed automatic 
compensator. Two special features 
claimed for this are the conduit sec- 
tion for easy wiring and the accessi- 
bility of all contacts and connections. 


Acme Electric Heating Company, Bos- 
ton, Mass.—Loose-leaf sheets de- 
scribe the specia electric industrial 
heating appliances such as emboss- 
ing-press heaters, cast-iron glue 
pots, sealing-wax pots, pots for melt- 
ing metal, pitch kettles, melting 
ladles, cartridge heaters, and special 
laboratory heating devices. 


General Electrice Company, Schenec- 
tady, N. Y.—Bulletin 67100-A de- 
scribes the construction and gives 
the various applications of safety 
enclosed, removable, truck-type 
switchboards. 


Winfield H. Smith, 10-16 Lock Street, 
Buffalo, N. Y.—Catalog 21 gives 
specifications and prices, with illus- 
trations, of a line of pulleys, arbor 
presses, reducing gears and revolv- 
ing display tables manufactured by 
this company. These are all made 
for light service, such as in sewing 
rooms, in model work and in special 
display work. 

The Ohio Electric and Controller Com- 
pany, Cleveland, Ohio—A folder de- 
scribes the Ohio motor-generator set 
designed primarily for charging 
small batteries. The generator may, 
however, be wound for any direct- 
current voltage up to 250 and used 
for intermittent or continuous serv- 
ice, such as signal or clock service 
system, or other work requiring a 
direct-current voltage not otherwise 
available. 4 

The Esterline-Angus Company, Indian- 
apolis, Ind.— Bulletin 324 entitled 
“Graphics Pay in Small Plants Too,” 
shows how graphic meters in one 
small plant found a $4,000 waste of 
power by a defective 3-hp. motor. 
Other items discussed are the use of 
graphic records to create morale and 
for correcting low power factor. 


General Electric Company, Schenec- 
tady, N. Y.—Circular 657-1, Class 15, 
describes the type IK-108-Y1 and 
type IK-109-Y1 polyphase induction 
reverse power (power directional) re- 
lays which are recommended for pro- 
tection against power feed back on 
lines operating under a condition of 
leading power factor. These relays 
are for operation on 25- to 60-cycle 
circuits where the power factor may 
vary from approximately zero (90 
deg.) leading to 0.17 (80 deg.) lag- 
ging. . 

The American Floor Surfacing Machine 
Company. 518 South Sinclair Street, 
Toledo, Ohio—A large folder de- 
scribes the applications which may 
be made of the American Universal 
Floor Surfacing Machines 
treatment of new or old floors. 


John C. Dolph Company, Newark, N. J. 
— folder describes the Dolph 
Chinalak black baking insulating 
varnish and tells how it may be used 
to the best advantage. A price list 
is also given of the various other in- 
sulating varnishes manufactured. 


The Pelton Water Wheel Company, 
Nineteenth and Alabama Streets, 
San Francisco, Calif.—Bulletin 19 
describes the Pelton water wheels 
(impulse turbines), their construc- 
tion and some of the various applica- 
tions. 


in the 
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Mutual Electric and Machine Company, 
Detroit, Mich.— Bulletin 25 describes 
the “Bulldog” super-safety switch- - 
board, industrial type, model DF5 
with dead front. Both front and rear 
views are shown of several different 
switchboard installations. 


Bethlehem Steel Company, Bethlehem, 
Pa.—Catalog M describes the large 
unit-type of Bethlehem oil engines 
for marine and stationary service. 
In addition to a thorough description 
of the construction and operation, 
space is devoted to the advantages 
claimed, rating and the result of an 
endurance run. 


Crouse-Hinds Company, Syracuse, N.Y. 
—A large folder describes the FS 
series of condulets which are made in 
two-, three- and four-gang parallel 
and two-gang tandem for switch and 
plug receptacle outlets in vapor- 
proof and non-vapor proof types. 


Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, Pa. 
—An 8-page circular, C-1694, entitled 
“Supervisory Control’ gives the gen- 
eral principles of operation and con- 
struction of both audible and visual 
systems of supervisory control for 
automatic substations. 


Diehl Manufacturing Company, Eliza- 
beth, N. J.—Circular 1012 D125 con- 
tains a brief description of the vari- 
ous types of motors made by this 
company together with a condensed 
price list of the most frequently 
called for standard apparatus. It 
also includes various types of exhaust 
fans as well as desk, bracket, ceiling 
and belted fans. 


Bailey Meter Company, 2015 East 
Forty-sixth Street, Cleveland, Ohio 
—Bulletin 200 shows the application 
of the Bailey tachometers to indicate 
and record the speed of turbines, 
stokers, paper machines, fans, cen- 
trifugal pumps and other equipment. 


Foote Brothers Gear and Machine Com- 
pany, 213-223 North Curtis Street, 
Chicago, Ill.—A folder entitled Re- 
ducing Motor Speeds—A Better 
Method” shows several applications 
of the Foote IXL spur-gear trans- 
formers which may be used to give 
a reduction of from two-to-one to 
five hundred-to-one or more, and IXL 
worm-gear transformers for heavy 
service. 


Foamite-Childs Corporation, Turner 
Street, Utica, N. Y.—Bulletin en- 
titled “Industrial Fire Chief,” pub- 
lished in magazine form, shows many 
of the industrial applications of 
Foamite as a fire extinguisher. 


The American Time-Switch Company, 
Commercial Building, Cleveland, 
Ohio—Folder B gives a description 
of the operation, construction and 
types of American time-switch 
clocks as well as some of the various 
uses to which they may be applied. 
These will turn current on or off au- 
tomatically at any pre-determined 
time and are used for controlling 
lights, signs, alarm systems, storage 
battery charging or the operation of 
isolated motors. 


The Hertner Electric Company, West 
One Hundred and Twelfth Street, 
Cleveland, Ohio.— Bulletins 5561-62- 
63-64-65-66 describe the individual 
motor-generator sets and automatic 
panels for constant-current charging 
of individual and multiple Edison 
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batteries and taper charging of in- 
dividual and multiple lead batteries. 
In addition to numerous other charg- 
ing data, another special feature is 
tables giving the approximate hours 
required to recharge lead batteries. 


Liteweld Company, 2400 Woodland Ave- 
nue, Cleveland, Ohio—A circular de- 
scribes the Liteweld track bonder 
and welder which is mounted on a 
light frame of steel tubing and angle 
iron and supported on pneumatic- 
tired, 30-in. wheels so as to give 
portability. While this device is 
made primarily for track work, it 
has many other applications where 
portability is desired. 


B. E. Coil Former and Tool Company, 
122-130 Centre Street, N. Y.—A cir- 
cular illustrates and describes the 
Townsend combination coil winder 
and spreader which it is claimed does 
away with the use of home-made 
wooden forms and pulling blocks. 
Immediately after the coil is wound 
it is pulled on the same machine and 
is ready for the taper. 


The Hayward Company, 50 Church 
Street, New York, N. Y.—Pamphlet 
620 describes the Hayward auto- 
matic take-up cable reels and cable 
couplers for use in connection with 
motor buckets or electric magnets 
when used on a locomotive or travel- 
ing crane to prevent accidents, wear 
or short circuits due to the sagging 
of the conductor cables. The reel op- 
erates on the principle of an ordinary 
shade roller with the rotating power 
supplied by a set of compounded 
springs which are enclosed within 
the drum. 

American Di-Electrics, Ltd., 466 East 
Seventh Street, Brooklyn, New York. 
—Price list 123 lists, with the price, 
the various electrical insulating var- 
nishes and compounds made by this 
company and gives instructions for 
their use. 

The Arrow Electric Company, Hart- 
ford, Conn.—A circular entitled “It 
Won’t Come Out,” shows the various 
types of Arro-Grip sockets for indus- 
trial plants, mills and shops. The 
special feature of this socket is that 
it is constructed to take the strain 
off the binding posts and prevent 
shorts from fraying wires. It also 
provides a strong wiring device for 
ong up reflectors or heavy fix- 
ures. 


The Martindale Electric Company, 
11709 Detroit Avenue, Cleveland, 
Ohio—A circular lists the various 
types and sizes of Imperial commu- 
tator stones and commutator-grind- 
ing tools. 


Burke Electric Company, Erie, Pa.—In 
bulletin No. 127 details are given of 
variable voltage types of are we'ding 
outfits of portable and stationary de- 
sign. A 400-amp. equipment is made 
that two operators can use on the 
same job or on different classes of 
work without interference, or one 
operator may use the full capacity of 
the set. The Burke Electric Com- 
pany has recently opened a branch 
service and sales office in Chicago 
with M. F. Standish as manager at 
210 South Michigan Blvd., Chicago, 
IM. This company makes a full line 
of direct- and alternating-current 
motors and generators for power sta- 
tions and all classes of industrial 
service. 
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Practical Books 


For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
fessional library. Copies of these books may be obtained from the 
publishers mentioned. 


Practical Electro-Plating—By W. L. D. 
Bedell. Fifth edition, Distributed by 
The Hanson and Van Winkle Com- 
pany, Newark, N. J. 407 pages, il- 
lustrated. Price 53.00. 

It has been the author’s aim in com- 
piling this work to instruct the oper- 
ator, in a practical manner, in the art 
of electro-plating, polishing, buffing, 
and metal finishing. This book illus- 
trates and describes the necessary 
equipment and supplies, states what 
they are used for, and how to use them. 
The general shop arrangement is first 
described; then, beginning with the in- 
stallation of the generator, the com- 
plete electrical equipment is considered 
in the order in which it should be set 
up and connected. Other necessary 
equipment and information is given in 
regular order. 

In the electro-deposition of the stan- 
dard commercial metals, formulas are 
given for making and operating vari- 
ous plating solutions, dips, and pickles, 
as well as the manner in which they 
should be maintained and renewed. 
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Cast-Iron Welding by the Oxy-Acety- 
lene Process—Compiled and pub- 
lished by the Linde Air Products 
Company, 30 East Forty-second 
Street, New York, N. Y., 115 pages, 
illustrated. 


The purpose of this booklet is to 
give the proper application of the ac- 
cepted practices in oxy-acetylene weld- 
ing of cast iron toward the solution of 
various problems. Among the subjects 
treated are: Nature and properties of 
gray cast iron, application of welding 
to cast iron, equipment, preparation, 
preheating, welding, annealing, finish- 
ing, testing welds, estimating welding 
cost, and some typical cast-iron weld- 
ing jobs. An appendix gives ten prac- 
tical problems in cast-iron welding and 
shows how they may be solved. The 


book is well illustrated with both half- 


tones and drawings throughout. 
* „ * * 


Diesel Engines—By Lacey H. Morrison 
of the editorial staff of Power. Pub- 
lished by McGraw-Hill Book Com- 
pany, 370 Seventh avenue, New York 
City, 598 pages, 385 illustrations. 
Price $5.00. 


The increase in the cost of power in 
coal-burning power plants has caused 
many to give serious consideration to 
the Diesel engine. This book not only 
gives a complete and comprehensive 
statement of the use, construction, op- 
eration, maintenance and repair of 
Diesel engines, but also gives a wealth 
of data on its economic status in the 
public utility and industrial fields. A 
chapter is devoted to a detailed discus- 
sion of initial costs, labor costs, main- 
tenance charges, fuel consumption and 
actual operating and production results. 
A short history of the development of 
the Diesel engine is given. The body 


of the book is devoted to a practical dis- 
cussion of the various types of engines 
from the standpoint of frames, cylin- 
ders, pistons, connecting rods, crank 
shafts, bearings, valves, fuel pumps 
and governors. Chapters of particular 
value are those on: installation, in 
which step-by-step methods of erection 
are given; cooling systems, in which 
advanced methods of cooling are de- 
scribed together with means of re- 
claiming the exhaust heat; Diesel fuel 
oils; and one on indicating the Diesel 
engine, in which is given a thorough 
analysis of Diesel engine indicator dia- 
grams. In this connection there is 
given not only a discussion of indi- 
cators particularly adapted to the 
Diesel engine, but also the manner of 
rigging the indicator, the errors to 
avoid, and the interpretation and study 
of the diagram. The book is written in 
a manner that will appeal to those hav- 
ing anything to do with the selection, 
purchase, management or operation of 
the Diesel engine. 
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Supervision and Maintenance of Steam - 
Raising Plant—By Charles A. 
Suckan. Published by The Van Nos- 
trand Company, 8 Warren Street, 
New York City, 326 pages, illus- 
trated. Price $8. 

In the preface of this book the au- 
thor points out that a new type of engi- 
neer is coming into being; namely, -the 
combustion engineer or engineer-chem- 
ist whose function it is to assist power 
plant owners, managers and engineers 
in the efficient operation of steam-rais- 
ing plants under existing conditions. 
The book has been prepared as a handy 
work of references with all informa- 
tion presented in simple form and the 
discussions of the theoretical side of the 
subject reduced to a minimum. It is 
divided into two parts; the first deals 
with the supervision and actual work- 
ing of a plant while the second takes 
up repairing and general overhauling. 

In the first part the following sub- 
jects are dealt with: (1) details of the 
boiler plant; (2) combustion of fuel: 
(3) method of firing; (4) regulation of 
draught; (5) superheaters; (6) econ- 
omizers; (7) pumps, injectors, and 
meters; (8) handling of fuel; (9) 
handling of ashes; (10) feed water 
plant; (11) pipe system; (12) routine 
of boiler-house staff; (13) office staff; 
(14) testing. 

The second part, devoted to mainte- 
nance, discusses the following subjects: 
(15) internal inspection; (16) external 
inspection; (17) boiler brickwork; (18) 
“laying up”; (19) auxiliary appliances; 
(20) auxiliary plant brickwork; (21) 
workshop organization; (22) feed- 
water plant; (23) pipe lines; (24) 
structural repairs; (25) conclusion. 

There are 250 illustrations of eauip- 
ment and installation details which 
make it easy to understand the practi- 
cal points which the text describes. 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 


F ded 1882 ` 
the Electrical Berli J ULY, 1924 aai ea II 


Patented Recentering Bearings 
An Indestructible Rotor 

Super Slot Insulation 

Double Cotton Covered 
Enameled Wire Win iings 


Red Band Motors challenge the hardest, mean- That’s what Red Bands do. Give any Red 
est, most troublesome job in your plant. They Band Motor—! to 100 H. P. the job you re- 


invite that kind of work, rather than the easy gard as a real test and observe its exceptional 
service. Do this and you will learn that there 


tasks. is a motor that is built from shaft to shell for 
Any motor that makes good under such con- real man-size work. Literature on request. 

ditions immediately establishes itself as a plant . 

fixture—a piece of equipment to be standardized Howell Electric Motors Company 

upon. Howell, Michigan 
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— Make Good On The Hard Jobs ~ 


INDUSTRIAL ENGINEER Vol.82, No.7 


Cut 18259 


Here are 
the parts: 


Type “AR” Squirrel Cage Belted Motor. 


Above is shown a new Allis-Chalmers type AR“ motor disassembled. 
Note its simplicity. What you see above is the complete motor. Its lack of com- 
plexity is one of the features of the type “AR” which gives it its high service value. 


Allis-Chalmers type “AR” motors are built of steel ꝓractically throughout. 
The stator end frames and feet are integral and made from electric steel castings. 
The rigidity resulting from this eliminates the possibility of broken end frames 
and feet. 


By careful well balanced design, the use of selected materials and by good 
workmanship and construction, high efhciency over a large range of the working 
load with correspondingly high power factor have been attained in these new 
motors. 

Built in capacities from 34 to 200 H. P. 


LLIS-CHALMERS MANUFACTURING(O. 


MILWAUKEE, WIS. U.S.A. 
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Electrical and Associated Mechanical Systems in Mills and Factories 


When Switch 
Cabinets Are 
Used as Lockers 


A Danger Trap Is Set 
That in Time Will Catch 


the Offender or Some 
Maintenance Inspector 


ERE’S a photograph I took on 

a recent inspection trip that 
shows a practice more widespread 
than is commonly supposed. When 
enclosures like this one are used as a 
catch-all for lunch baskets, clothing, 
tools, oily gloves and the like, a 
danger trap is set that sometime or 
‘other will catch the offender or the 
inspector who must maintain the 
equipment. I hate to preach about a 
practice like this in a critical way, 
but I feel that the importance of the 
danger justifies placing the blame 
squarely up to the guilty individual. 
If he does not know the serious re- 
sults that may occur he can be ex- 
cused once, but if he does know the 
danger trap he sets and continues 
the practice a discharge without dis- 
cussion is the proper penalty. 

In the plant where this photograph 
was taken almost everything possible 
has been done to provide safety and 
protection for operators and work- 
men. Gears, belts and chains are 
enclosed with safety guards. There 
is no open wiring, with good use 
being made of rigid and flexible con- 
duit. Safety stops are provided 
where necessary. Tools and mate- 
rials in process have their proper 
places so that the workman is not 
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likely to collide with, or fall over, 
them while at work. 

Very liberal use has been made of 
safety switches, push-button control 
switches and of enclosures for dis- 
tribution and control cabinets. The 
cabinet which is illustrated encloses 
the generator control panel of an arc 
welding set. This installation repre- 
sents unusually good practice. The 
motor-generator and the stabilizer 
are mounted on a steel table which 
is about waist high, so as to make 
the apparatus convenient for inspec- 
tion and maintenance. The starter 
near the motor is enclosed and con- 
trolled by a conveniently located 
push button. The stabilizer or reac- 
tance is totally enclosed with grill- 
work. 

It is evident that the operating 
management has provided a safe in- 
stallation for the workmen and for 
those who are called upon to main- 
tain this equipment. The man who 
used this control cabinet as a locker, 
however, defeated in a serious way 
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the safety elements that the installa- 
tion provided. 

Seemingly this practice is very 
difficult to control. Supervisors of 
safety installations all unite in con- 
demning it, yet it continues. In one 
plant this evil has been effectively 
combated by placing padlocks on all 
enclosures and giving keys only to 
inspectors who are responsible for 
the operation or maintenance of the 
equipment enclosed. This is one def- 
inite way of locating an individual 
who either has a total disregard for 
the need of safety or carelessly ig- 
nores the safety practices that are 
now so commonly provided. Since 
safety work depends as largely upon 
the individual as upon the method, a 
careless individual is just as serious 
a hazard to his fellow workmen as 
the device which needs protection. 

If any of our readers have found a 
way of stopping this practice of 
using safety enclosures for lockers 
we should be glad to know the way 
they have gone about it. 


G 


TE . TE 


A Glimpse Into the 
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Works of The Shredded Wheat Company 


Where 6,000 bushels of wheat are daily put through a special cooking, shredding and baking process which transforms it 
into a delicious cereal food. An open-house policy to guests attracts over 100,000 visitors every year. 


NE of the big prob- 
lems of all food- 
products plants is to 

maintain a high degree of 
cleanliness, both of equip- 
ment and surroundings. The 
factories of The Shredded 
Wheat Company are planned 
to help make this easy. For 
example, plenty of light is 
one of the best antidotes for 
poor housekeeping. There- 
fore, the walls of the build- 
ing are constructed with 
large window areas which 
eliminate dark corners. Con- 
crete floors add to the ease 
with which the force of jan- 
itors maintains good housekeeping. 

In addition, much attention is 
given to the personnel, for even with 
bright and cheerful surroundings, 
the actual keeping of the factory and 
product clean depends upon the care 
of the workers. Therefore, welfare 
work is carried on extensively. In 
addition to a visiting nurse, a dis- 
pensary in charge of a trained nurse, 
individual lockers, rest rooms and 


lunch rooms (which are free to the 


women workers), opportunity is 
given to the workers for bathing 
and otherwise encouraging cleanli- 
ness and neatness. A large audi- 
torium, capable of seating 1,000 per- 
sons, is used from time to time for 
lectures and other entertainments as 
well as dances and parties. 

About thirty years ago Mr. Perky 
developed the idea of making from 


Three of the rows of packing 
tables each with a double file 
of girls. 


Because of the fragile nature of 
the product, the biscuits must 
be inserted into the cartons by 
hand. The filled boxes are car- 
ried by conveyor to a sealing 
machine which closes both ends 
and seals them up so that the 
carton is practically moisture and 
air tight. 


the whole of the wheat, a 
cereal which could be baked 
in a biscuit and would keep 
indefinitely. An attractive 
location on the banks of the 
Niagara River within a short 
distance of the American 
Falls was chosen for the fac- 
tory which was erected in 1901. The 
main factory is five stories high, 463 
ft. long by 66 ft. in depth with four 
side extensions and contains 276,586 
square feet of floor space devoted to 
office and manufacturing purposes. 
Natural lighting is supplied by 884 
windows with 30,000 lights of glass, 
which alone offer a big problem in 
the necessary replacements and in 
keeping them clean. Additional fac- 


Company. 


Here are three of the four plants of The Shredded Wheat 


The two plants shown at the left are at Niagara Falls, N. Y. 
The plant at the top is the main factory and is built within 
sight of the American Falls. 
built a few blocks away, with a large wheat storage tank hav- 
ing a capacity of 750,000 bushels. 
which have been made as the result of a number of years of 
experimental work are installed with this. 
of dust and defective grain as well as weed seeds are removed 
from the wheat each year in the cleaning process. 
below is located at Oakland, California. 


The plant below at the left is 
Elaborate dust collectors 
Over 1,800 tons 
The plant 
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tories are located at Oakland, Calif., 
Niagara Falls, Canada, and a second 
factory at Niagara Falls, N. Y. All 
are quite similar in that they have 
large window area. 

Before the wheat is ready to be 
prepared for shredding, it passes 
through twenty-two cleaning ma- 
chines which remove all dust, weed 
seeds, straw and other foreign sub- 
stances as well as shrunken, broken 
and defective grains. About 1,800 
tons of this unusable material are re- 
moved annually in this cleaning proc- 


These illustrations show three steps in the making and 


packing of the shredded biscuit. 
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Weighing and cleaning the wheat. 


All wheat is first weighed. The wheat is 
then passed through twenty-two clean- 
ing machines which remove all the dust, 
dirt, weed seed, shrunken and imperfect 
grains and any foreign material which 
might damage the rolls. Altogether, 
1,800 tons of this material are removed 
during the year. 


ess. The cleaned wheat then goes to 
large cylindrical tanks where it is 
cooked, meanwhile being agitated by 
revolving steel paddles. This treat- 
ment breaks up the starch granules 
in the center of the wheat kernel and 
renders them soluble and digestible. 
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The outer coat of the grain of wheat 
is unbroken; so none of the nutri- 
tious elements in the wheat are lost 
in the process of cooking. The grain 
is then passed through a cooling and 
conditioning machine to remove any 
excess moisture which might inter- 
fere with the next operation of 
shredding. The conditioned wheat is 
fed into the hoppers of the shredding 
machines which are 88 ft. long and 
contain thirty-six pairs of steel rolls. 
These deposit the layers of shredded 
grain (Continued on page 325) 
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After passing under the thirty-six shredding machines, the 
layers of shreds are carried on a chain conveyor to the ma- 
chine below which forms the biscuits and puts them on pans 
containing fifty-two. These pans are placed on the truck to 
be carried on to the oven shown at the right. The biscuits 
go through two sets of ovens and are baked and crisped and 
then are taken to the packing room shown at the heading of 
this article. The filled cartons are carried by conveyor from 
the packing tables to this special sealing machine, which not 
only seals up both ends of the box but also dries the veg- 
etable glue immediately. 


THIS IS THE PLANT of The Wahl 
Company, where 50,000 Wahl Pens and 
Eversharp Pencils are produced daily. 
In this article Mr. Woodbury describes 
a budget system which has produced 
some unexpected results through co- 


operation of the foremen. 


- Things That 


Can Be Accomplished by 
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Budgeting Repair and 


Maintenance 


Expenses 


And the Details of a Plan Which Has Been in 
Operation for Two Years in the Plant That 


Makes Wahl Pens and 


By W. F. WOODBURY 


Comptroller, The Wahl Company, 
Chicago, Ill. 


URING the past two or three 
D years the word “budgeting” 
or the term “budgetary con- 
trol” has become so common that we 
are sometimes inclined to smile when 
we hear them used loosely and won- 
der if the person who is doing the 
talking really appreciates the true 
significance of the topic. 
References to “budgeting” are 
now becoming almost as common as 
references to “efficiency” and if we 


Eversharp Pencils 


are not careful, the former subject is 
liable to be just as much overworked 
as the latter. At the same time we 
must remember that the actual ap- 
plication of budgets to industrial 
works is in its infancy, although in 
some of the older organizations it 
has been in use many years. For in- 
stance some of the European coun- 
tries, especially Great Britain, have 
had budgets and have operated with 
budget systems for many years, with 
more or less good results. Our own 
railroads have operated on practical 
budgets for years and it is probably 
owing to that fact that they have 
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IN THIS ARTICLE Mr. Wood. 
bury points out that after two 
years’ experience with the budget 
system for maintenance and repair 
work at the plant of The Wahl 
Company, the following advantages 
have been apparent: (1) Main- 
tenance and repair costs can be 
closely estimated and controlled. 
(2) An accurate record is provided 
of the quantity and quality of the 
work of the Maintenance Depart- 
ment. (3) The foremen of the 
various departments have been 
led, by their desire to make a 
good showing in their depart- 


ments, to take a deep interest in 
maintenance work and thus assist 
the maintenance department in 


many ways. (4) An incidental re- 
sult has been the cutting down of 
power, heat, light and other like 
expenses, through prevention of 
waste. Performance of unnec 
essary maintenance or repair 
work is avoided. (5) A definite 
relation is maintained between 
production and maintenance work. 
(6) Although the budgets are 
made up a year in advance, pro- 
vision is made for increasing or 
reducing the figures as necessary. 


perhaps got more for their dollar 
than the average industrial works, 
although some of the larger organ- 
izations of the industrial class have, 
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especially during the past few years, 
been keyed up to a high state of effi- 
ciency. 

Budgeting or budgetary control 
has more recently been adopted to a 
more or less extensive degree by con- 
siderable numbers of industrial or- 
ganizations, both large and small. 
In fact many firms who really con- 
trol their activities through budgets 
in one form or another would not 
even admit it. 

Budgeting, like many other things, 
is good only if followed up—it is of 
absolutely no use whatsoever to set 
standards (because that is what 
budgeting is) if the standards set 
are not aimed at, and a checkup of 
the hits recorded and followed up 
closely. 

In general, budgeting will vary 
considerably according to the sige of 
the organization—in fact in a small 
one-man organization it may not 
even be necessary as most of the 
responsibilities are carried on the 
shoulders of one or two men who 
have the vital items of the business 
at their fingertips. 

However, industry is getting away 
from the one-man organizations and 
tending more and more to amalga- 
mations and larger concerns with 
great resources. Between these two 
extremes there are multitudes of 
firms of small, medium and large- 
sized organizations which need a 
budget or budgetary control to 
handle their business successfully. 
The matter of budgeting, while at 
times somewhat difficult of applica- 
tion, is of paramount importance. 

All classes of overhead operations, 
from administrative and selling ex- 
penses to manufacturing and main- 
tenance expenses, can be and should 
be budgeted. These and other ex- 
pense budgets must be predicated on 
sales. Perhaps the hardest section 
of all to budget, and the one which 
will be considered in this article, is 
the repair and maintenance expense 
section, as there are so many phases 
and angles to consider. 

In fact the matter of repair and 
maintenance is so comprehensive 
that it touches the entire organiza- 
tion and is of such vital importance 
to a concern of any size that the serv- 
ices of an expert engineer are not 
only advisable but necessary. 

The equipment of a modern, large 
or fairly large plant is usually of 
such an intricate, often delicate na- 
ture, that to entrust the upkeep to 
anyone but an expert is laying up 
trouble. Further, so much can be 
done in the matter of heat, light and 
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power costs that an experienced en- 
gineer with the aid of a budget can 
save large sums for a company. As 
a matter of fact, the making up of 
the budget depends to a large extent 
upon the power and other charts and 
records which are kept by the main- 
tenance engineer. 

In installing a budget system in 
The Wahl Company we realized that 
one of the hardest, if not the hardest 
item to budget was the one of re- 
pair and maintenance charges. 

This can be realized from the fact 
that our factory contains 210,000 


Fig. 1—Report form for weekly in- 
spection of buildings and fire-fight- 
ing equipment. 
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sq. ft. of floor space and is divided 
into forty departments. For produc- 
ing an output of 50,000 pens and pen- 
cils daily there are employed many 
hundreds of machines of various 
types, ranging from small precision 
lathes to large rolling mills in which 
the ingots of gold, silver and other 
metals from which the pen and pen- 
cil bodies are formed, are rolled down 
preparatory to being drawn into 
tubes. Figs. 6, 7 and 8 show some of 
the types of equipment employed. A 
total of 233 electric motors, with an 
aggregate rating of 1,500 hp. is re- 
quired to drive all of this equipment. 
Of these motors 140 are three phase, 
and 93 are single phase; they oper- 
ate at 440 volts, and range in size 
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REQUEST FOR BUDGET CHANGE 


Comptroller, 


Please revise yearly budget for Department No. N 
Change acct. No. Name From 8 
Change acct. No Nme um 8 


Reasons for 
Changes 


Original Department Budget 8. 
Revised Department Budget $___ 
Increase or Decrease $ 


Signed, 


from 1% hp. to about 200 hp. rating. 

We have a. well-organized system 
of equipment and building inspec- 
tion and maintenance, which is car- 
ried out under the direction of the 
maintenance engineer. Without go- 
ing into all of the details it may be 
said that the maintenance schedule 
calls for weekly inspection of all mo- 
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tor and control equipment, and the 
like. 

Also the maintenance engineer 
renders a weekly Fire Protection Re- 
port showing the condition of the 
sprinkler system, pumps, valves, fire 
extinguishers, escapes, doors, exits, 
etc., as detailed in Fig. 1. 

In addition, the maintenance engi- 
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Fig. 3—When conditions make it 
necessary to change the budget for 
any department this form is filled 
out. 


This is made out in duplicate and the 
approval of the division head and of 
the general manager must be obtained 
before the budget may be changed. 
The original of the form goes to the 
comptroller’s files, while the second 
copy is sent to the division head. 


neer makes periodical peak load and 
departmental motor load tests to 
make sure that the equipment is 
properly loaded and that no unusual 
conditions have developed. No ad- 
ditional machinery is added to any 
department without first consulting 
the engineer’s records to ascertain 
if the present motor equipment will 
take care of the added capacity. Like- 
wise, charts are kept on the con- 
sumption of electrical energy, gas, 
coal, oil and so forth. 


Fig. 2—Foreman’s report sheet, 
which is given out every month and 
shows the charges made against 
each department. 


These reports are sent to all depart- 
ment foremen and have been of much 
value in fostering close co-operation 
between the foremen and the mainte- 
nance department, and reducing power, 
heat and light costs by prevention of 
waste. 
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THE WAHL COMPANY 


MANUFACTURING EXPENSE 


MONTH ENDING 192 
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PERIOD 


We are convinced that keeping a 
plant clean, sanitary and _ well-or- 
dered saves money in the long run 
and we make provision for periodi- 
cal general house-cleaning and paint- 
ing, in addition to the usual janitor 
service. 

We know that in order to produce 
a given output, a certain number of 
motors and other equipment will 
have to be operated. Consequently, 
the budget is predicated on estimated 
sales, taken in conjunction with past 
experience, and in estimating or bud- 
geting the maintenance expenses, the 
accounting records which we have 
and the charts which are kept by our 
maintenance engineer are of inestim- 
able value. From these charts we 
are able to budget a year ahead and 
set up the figures for monthly allow- 
ances. The monthly budgets for 
general maintenance work are, of 


Fig. 5—Punch presses and other 
heavy equipment likewise enter 
into the manufacture of pens and 
pencils. 


course, subject to change as the year 
progresses, inasmuch as our records 
may show that owing to increases or 
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Fig. 4—Recapitulation of manufac- 
‘turing expenses, burden factors and 
statistics. 


This sheet is made out monthly and 
goes to the factory executives and gen- 
eral” management. 


decreases in sales and production it 
is necessary to adjust our overhead 
expenses. 

On the other hand, some parts of 
our maintenance can be handled more 
accurately and with much less diffi- 
culty than others. For instance, the 
cost of cleaning and painting can be 
estimated very closely and a certain 
specified allowance set aside to cover 
these items during the year. 

As will be seen from the Fore- 
man’s Report, Fig. 2, which will be 
referred to later, each of the various 
items that come under the head of 
maintenance and repairs is given an 
account number. 

The estimated cost of doing the 
work represented by each account 
number is then determined. As the 
maintenance and repair labor and 
material tickets are turned in, they 
are charged against the proper ac- 
count number. 

The maintenance budgets as well 
as all the other budgets of the or- 
ganization require the approval of 
the general manager and reports are 
rendered to him monthly both sum- 
marizing and detailing the expenses 
of the organization by totals, by 
classes of expenses and by depart- 
ments, in such a manner that over- 
runs and deficiencies are readily 
brought to his attention. Among 
these reports is a recapitulation of 
manufacturing expenses, burden 
factors and so on, shown in Fig. 4. 

As this is only our second year of 
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Fig. 6—Part of the pen assembly 
and machining department. 


The equipment in this department is 
light and consists for the most part of 
8 lathes and fine grinding de- 
vices. 


operation under a budget system, it 
will be realized that it is as yet far 
from perfected, but already we are 
seeing extensive benefits. Incident- 
ally, the budgeting of operating ex- 
penses in general has had a bearing 
in itself in keeping the repair and 
maintenance charges down, for a 
foreman realizes that if he allows his 
machinery to run down, subsequent 
breakdowns cost his department 
money. Consequently, notwithstand- 
ing the fact that, as mentioned be- 
fore, our maintenance engineer has a 
very thorough, systematic inspec- 
tion layout, is continually mak- 
ing motor and other tests, and keeps 
running charts on the consumption 
of gas, oil, coal and so on, he now 
has allies in all the foremen in the 
matter of keeping down maintenance 
costs. 

The matter of foreman’s reports 
has been discussed at length by 
many accountants and accounting or- 
ganizations and there are many dif- 
ferences of opinion as to just how 
much information should be supplied 
to the foreman. We believe in giv- 
ing the foreman a report of the over- 
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head expenses pertaining to his 
department regardless of whether 
or not he has actual physical control 
over them and we have a system of 
monthly foreman’s reports compar- 
ing the actual showing by account 
with the budget, detailing over-runs 
and under-runs, and also comparing 
the present standing with last year’s; 


WORK ORDER 


You are suthorised to perform 


Order No. 


CGG 


15% C0000 


FURTHER DETAILS OR SKETCH MAY BE SHOWN BELOW. 


WORK ORDER NO. 


MATERIAL 
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COST RECORD 


LABOR AND OVERHEAD 
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on this report the expenses are de- 
tailed by sections or classes as fol- 
lows: 


Wages and salaries. 

Losses, errors and defects. 
Supplies. 

Repairs and maintenance. 

Heat, light, power and water. 
Fixed charges. 

(7) Miscellaneous. 

(8) Apportioned from other depart- 


The foreman’s report form is 
shown in Fig. 2. 

Although the foreman really has 
no actual personal control over the 
Repairs and Maintenance section, or 
at least not wholly so, or over the 
Heat, Light and Power section, we 
have found that by suggestions from 
the foreman and by check-ups made 
by him we have been able to realize 
savings which would not have been 
possible otherwise. The interest 
which the foremen take in these re- 
ports is remarkable, and they have 
paid for themselves many times over. 

With our series of reports we are 
able to keep a close check against the 
budgets and (Continued on page 354) 


Fig. 7—Before any maintenance 
work is performed for a depart- 
ment, authorization must be ob- 
tained on a form like this. 


This form, A, is made out in triplicate 
and covers both maintenance work and 
additions to plant. On the reverse side, 
B, of the Accounting Department’s copy, 
the material and labor for doing the 
job are posted and then charged to the 
department for which the work was 
done. This form is originated by the 
department head and must be approved 
by the superintendent and plant engi- 
neer. One copy of the order goes to 
the files of the department which origi- 
nates the order; the second copy goes to 
the department. for which the work is 
being done and the third copy is filed 
in the Accounting Department. 
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Details of the Selection 
And Operation of 
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Brakes Used to Retard 
Or Hold Rotating Parts 


Of Cranes, Hoists, Elevators, Turntables, Line- 
shafting and the Like to Prevent Overtravel, to 
Stop at Definite Points, Hold Loads and Make 


Emergency Stops 


By ARTHUR J. WHITCOMB 
Associate Editor, Industrial Engineer 


BRAKE is a device for re- 
A traine or stopping rotary 

motion by friction. An elec- 
tric brake is one which is set by 
mechanical means and released elec- 
trically. In the first article in the 
June issue, brakes were classified 
according to mechanical form; that 
is, as to the mechanical methods of 
retarding or holding the rotating 
part. In this same article, brakes 


were also classified as to their elec- 
trical characteristics; that is, accord- 
ing to the method used to release the 
brakes. In addition, brake wheels, 
brake bands and brake shoes were 
discussed. In the following article 
details concerning the construction 
and use of brake linings are given 
together with the rating, selection, 
testing and operation of electrically- 
operated brakes. 

If steel or iron brake shoes or 
bands were pressed directly against 
a steel or iron brake wheel, consider- 
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THIS ARTICLE is the 
second of a series of two 
articles on the different 
types of electrically- 
operated brakes, which 
will help users to apply 


them correctly to the 
different drives in indus- 
trial work. In this arti- 
cle details are given on 
how brakes are rated, 
data required when 
ordering, and practical 
information on the in- 
stallation, adjustment, 
testing and maintenance 
of brakes, together with 
the causes and cure of 
the troubles that are 
commonly experienced 
with them. 


Fig. 1—Series-wound, direct-cur- 
rent brake operating on the bridge 
motion of a 20-ton gantry crane. 


This brake is separately mounted on 
the bedplate on which the motor is in- 
stalled. By removing the one pin at 
the top of the magnet, the rod which 
connects the magnet to the opposite 
brake shoe arm may be lifted and the 
hinged arm swung back to permit the 
removal of the brake wheel and motor 
armature. This is done without dis- 
turbing in any way the setting of the 
brake or the alignment between the 
brake and the motor. 


able wear would take place, howling 
and squealing would result and the 
friction torque resulting between the 
two would not be very high. Brake 
linings are used primarily to secure 
a higher frictional coefficient and 
thus obtain more rapid braking. 
The difficulty lies in finding a mate- 
rial that has a high enough coeffi- 
cient of friction and at the same 
time will not burn itself up by the 
heat generated through the braking 
action. 

Although several kinds of brake 
linings were mentioned in the pre- 
ceding article, there is only one kind 
of lining in common use on electric 
brakes at the present time. That is 
the woven asbestos lining, more com- 
monly known by various trade names. 

In making woven asbestos brake 
lining only the highest grade of long, 
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Fig. 2—Brake bolted to machined 
lugs on the motor end-bracket. 


This makes a compact unit of motor 
and brake. The brake has two adjust- 
ments: adjustment at (1) compensates 
for wear of the linings; adjustment at 
(2) changes the value of braking 
torque or intensity. At the other end 

of the brake, opposite (1) and (2) are 
similar adjustments for the opposite 
shoe and spring. 


‘tough asbestos fibers are used. These 
are mixed with about 10 to 12 per 
cent of cotton to increase the 
strength, and spun around brass 
wires to make threads. The brass 
wire is used to add tensile strength 
and greater wearing quality. After 
the threads are woven into fabric, it 
is impregnated with special com- 
pounds which give the lining the 
proper coefficient of friction and at 
the same time render it impervious 
to the action of water, oil, grit or 
other foreign substances. The lin- 
ing is then baked in ovens, folded in 
plies to secure the proper thickness, 
and run through heavy rolls to com- 
press it to the required size. 

Carefulness in attaching brake lin- 
ings cannot be over-emphasized. The 
rivet heads should be sufficiently 
countersunk so that they will not 
bear on the metal drum; the lining 
should be stretched tight so that 
there will be no high-spots; and 
the rivets should be thoroughly up- 
set. 

The limiting temperature which 
most lining materials will stand is 
about 200 deg. C. Soft fabric lining 
materials give more friction, but 
they wear faster and compress. 
Hard fabric linings do not wear as 
fast and consequently the brake does 
not require as frequent adjustment. 

Brakes are rated in pounds retard- 
ing torque at 1-ft. radius on the 
brake-wheel ‘shaft. The term “re- 
tarding torque” is only applied to a 
revolving wheel condition. As the 
coefficient of static friction is higher 
than the sliding coefficient, the hold- 
ing torque of a brake, when the 
wheel is at rest is higher (about 10 
per cent) than the retarding torque. 
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The retarding torque that a brake 
will develop depends upon the 
amount of weight or the extent the 
springs are “set up.” This in turn 
depends upon the ability of the sole- 
noid or magnet to release them. 
Where an intermittent-duty coil is 
used, it may be worked harder and 
made more powerful; consequently 
the brake may be “set up” tighter 
and its retarding torque increased. 

A brake retarding a given torque 
from a high speed will dissipate 
more energy (i. e., generate more 
heat) than one retarding the same 
torque at a lower speed. One of the 
limitations on the rating of a given 
brake is its ability to dissipate the 
mechanical energy which is con- 
verted into heat. Consequently 
brakes are given a maximum horse- 
power rating which signifies the 
highest-horsepower motor with 
which the brake may be expected, 
under average conditions, to perform 
without excessive heating and with 
reasonable shoe wear. 

As the coil of a series brake car- 
ries the motor current it must be 
designed accordingly. Brakes are 
rated in the same manner as the mo- 
tors with which they are to be used. 


Fig. 3—Motor-operated, alternat- 
ing-current, shoe brake in service 
on an elevator. 

This brake is fastened directly to the 
bedplate on which the motor is 
mounted. As can be seen, the torque 
motor operating the brake is mounted 
on the brake frame. 
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The usual ratings are on a 30-min. 
or a 60-min. basis for intermittent 
service and a continuous-duty rating. 
Intermittently-rated brakes will re- 
lease on 40 per cent of rated current; 
continuously-rated brakes will release 
on 80 per cent of rated current. 
Series brakes, once released, will stay 
open with as low as 10 per cent of 
rated current. 

Shunt brakes are given either an 
intermittent-duty rating or a con- 
tinuous-duty rating. The coils of 
some shunt brakes are wound for 
full-line voltage; others are wound 
for less than line voltage. In the 
latter case the coil is put across the 
line to release the brake; when the 
brake is released, a resistor is auto- 
matically inserted in series with the 
coil so as to prevent the coil from 
overheating. Shunt brakes, due to 
the inductance of the shunt coil, are 
inherently sluggish in action; using 
coils wound for less than line volt- 
age makes the brake action faster. 

Brakes are selected on the basis 
of the retarding torque they must 
develop; also the area of the brake 
lining must be given consideration. 
Ordinarily a brake is selected having 
a retarding torque equal to full-load 
motor torque. The full-load motor 
torque may be determined by the 
following formula: 

Torque (in. lb. ft.) = (5,250 X 
hp.) — r.p.m., where hp. = full-load 
horsepower rating of motor and 
r.p.m. = the speed of the brake 
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wheel in revolutions per minute. 

Sometimes a brake with a retard- 
ing torque of less than full-load is 
sufficient, particularly if the brake 
may be allowed several seconds in 
which to stop the motor; again, 
however, a brake with a rating of 
150 per cent of full-load torque is 
selected so as to give a very quick 
stop, to provide a higher factor of 
safety, or to hold an occasional heavy 
load. 

When the service to which the 
brake is to be subjected is unusually 
severe the heat dissipating ability of 
the brake becomes the determining 
factor in its selection. If the horse- 
power rating of the driving motor 
exceeds the limiting horsepower rat- 
ing of the brake (the size of which 
has been determined by the torque 
formula), then in order to secure 
sufficient area of brake lining to in- 
sure maximum economy, the brake 
should be selected on a horsepower 
basis rather than by the torque rat- 
ing. 

Most shoe brakes are manufac- 
tured in sizes up to 400 hp. and 3,200 
lb.-ft. torque on the 30-min. rating. 
Standard lines of disc brakes do 
not run to such large sizes. In gen- 
eral, the limiting horsepower rating 
is about 120 hp. and this size will 
develop a retarding torque of 1,030 
lb.-ft. on the 30-min. rating. One 
manufacturer, however, makes a disc 
brake with a 250-hp. rating. 

The speed of the shaft to which 
the brake is to be attached should 
not exceed the maximum safe speed 
for which the brake is designed. 
Otherwise a brake-wheel explosion 
might result with attendant danger 
to men and equipment. 

The manufacturers usually require 
the following information when 
brakes are ordered: 
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Fig. 4—This is an alternating-cur- 
rent, shoe-brake that is operating 
on the hoist motion of a crane. 


The trolley carriage was not wide 
enough to mount the brake directly on 
it; so two angles were bolted to the 


trolley frame as is shown. ‘The brake 
was bolted to the two angles. 


type; full load 


speed. 
(2) Speed of shaft on which brake is 
to be mounted. 
(3) Line voltage: 
minimum volts. 
(4) If d.c.; type of brake winding 
(series or shunt). 
(5) If a.c.; frequency; 


phases. 

(6) Winding duty; intermittent or 
continuous. 

(7) Exact bore and keyway in hub. 
If taper, send sketch or motor 
frame data. 

(8) Nature of load and duty cycle, if 
available. 

Most brakes are mounted sepa- 

rately on the motor bedplate. A few 
are attached directly to the motor 


frame. In Fig. 2 is shown a brake 


(1) Motor rating: 
maximum volts; 


number of 


Fig. 5—This plate planer is 
equipped with a motor-operated, al- 
ternating-current shoe brake. 


On this planer the tool rest travels, 
instead of the planer bed. The tool 
rest is shown at the left near the hand 
wheel. Below the hand wheel is the 
operator's platform which also travels 
with the tool rest. At each end of the 
travel of the tool, the brake is required 
to absorb the inertia of the tool car- 
riage. The brake is the same type as 
the one shown in Fig. 3. ° 
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attached directly to the motor frame. 
Spring - operated brakes can be 
mounted on the floor, wall or ceiling. 
Gravity-operated brakes, obviously, 
must be floor mounted. When in- 
stalling a shoe brake, care should be 
taken. that the brake wheel is ex- 
actly centered between the brake 
arms when the brake is in the re- 
leased position; also that the brake 
shoes are parallel to the face of the 
brake wheel. Likewise in the case of a 
separately-mounted disc brake, care 
must be taken that the stationary 
plates are parallel to the rotating 
plates. In the case of a band brake 
the band must be circular with no 
kinks so that all of its working sur- 
face is effectively applied to the face 
of the brake wheel. If the brake is 
not properly lined up, the brake lin- 
ings may bear in only one or two 
spots, causing very high pressure at 
these points, which would result in 
inability of the brake to hold the 
load and cause slippage. 

The electrical connections of a 
brake are very simple. The series- 
wound brake is usually connected to 
the line side of the series field of 
the motor. It may be placed else- 
where in the circuit, but this is the 
more common connection. Some 
shunt brakes are connected across 
the line, while others have a series 
resistor with which they are shunted 
across the line. If the shunt brake 
is provided with a discharge resist- 
ance, it, of course, should be paral- 
leled with the shunt coil. 

All brakes are provided with a 
means of varying the braking inten- 
sity. This is accomplished by vary- 
ing the weight or the length of the 
lever arm on which it hangs, or if it 
is a spring-set brake, by changing 
the compression of the spring. In 
addition all brakes are provided with 
an adjustment for the shoe, disc or 
band clearance. A change in this 
adjustment also changes the air gap 
of the magnet or the stroke length 
of the core of the solenoid. This ad- 


Fig. 6—There are three adjust- 
mae on this solenoid-operated 
rake. 


The shoe clearance and the air gap in 
the solenoid are simultaneously ad- 


justed at (6). The clearance between 
the two shoes and the brake wheel is 
equalized by the adjusting screws at 
each end of the brake frame (3). The 
braking intensity is controlled by mov- 
ing the weight (5) along the lever arm, 
. that is marked (4). 


justment should be the minimum 
that will fully release the brake 
wheel. Making this adjustment min- 
imum gives a minimum air gap 
which gives a stronger magnet pull 
and in turn enables the magnet to re- 
lease a brake with heavier braking 
power caused by setting up the com- 
pression springs or changing the 
weights. Details of these adjustments 
are given in the captions to Figs. 6, 
7, and 8. 


ASSIGNING RESPONSIBILITY FOR THE 
INSPECTION OF BRAKES 


Brakes should be inspected at reg- 
ular intervals, varying with the con- 
ditions under which the brake is op- 
erating. A brake operating at its 
full-torque rating will require ad- 
justment more often than a brake 
that is operating at only 50 per cent 
of its torque rating. This time in- 
terval can only be determined by ex- 
perience. If the brake is depended 
upon to hold heavy loads under 
emergency conditions or is relied 
upon to hold the bridge of a crane 
during strong winds, the inspection 
should be quite frequent and very 
thorough. 

The question often arises as to who 
should be responsible for the inspec- 
tion and maintenance of the electric 


INDUSTRIAL ENGINEER 


brakes. In the case of a crane, the 
adjustment of the brakes is often 
left to the operator. The result is 
that the brakes are usually set too 
tight and cause severe racking of 
the gears and shafting. Often the 
responsibility is split between the 
mechanical and the electrical depart- 
ments. The mechanic usually keeps 
the brake bands in good order but 
seems unable to understand the rela- 
tion existing between the air gap, 
the pull of the magnet and the shoe 
clearance, with the result that the 
brake does not function as efficiently 
as it should. 

Besides the division of responsibil- 
ity provides a convenient opportunity 
for “passing the buck.” The adjust- 
ment and maintenance of brakes is 
really a very simple proposition if 
the workman realizes exactly what 
he is trying to do. The motor in- 
spector from the electrical depart- 
ment does understand this and it will 
be found that the most satisfactory 
operation will be obtained if the en- 
tire responsibility for the brakes is 
placed upon him. 

There are not many sources of 
trouble for electric brakes. Probably 
the most common complaint is that 


Fig. 8.—Method of adjusting three 
different types of brakes. 

In illustration I is shown a series- 
wound, direct-current, magnet-operated 
shoe brake. The shoe clearance is ad- 
justated at A, I and E. With the 
brakes released, the stop screw A is 
adjusted so that a . in. feeler can be 
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Fig. 7—The brake shown in illus- 
tration I has only two adjustments. 


The adjusting screw at E regulates the 
air gap at G; this in turn determines 
the shoe clearance when the brake is 
released, for the movement of the shoe 
is directly proportional to the move- 
ment of the armature through the air 
gap at G. The braking intensity or 
holding power is adjusted by the han- 
died nut F. This compresses or relieves 
the compression on the spring. In the 
brake shown in II, there is a pointer at 
A, moving over a scale P immedi- 
ately behind it. When the brake is set, 
the pointer should be in line with the 
lower of the two marks on the scale. 
As the lining on the brake shoes wears, 
A will fall low the lower mark. 

the adjustment at D, the pointer A can 
be brought back to the mark. The 
clearance between the shoes and the 
brake wheel is adjusted at D. The 
braking force is determined by the ad- 
sustment of the nut C against the 
spring. 


inserted between the wheel and the 
right-hand shoe at the center line. The 
left-hand shoe is similarly adjusted by 
the adjustment at J. The screws E are 
adjusted so that with the brake re- 
leased the shoes will have the same 
clearance at top and bottom. The brak- 
ing intensity is varied by the adjust- 
ment of K. In illustration II is shown 
a direct-current disc brake. Adjust- 
ments to compensate for the wearing 
of the friction elements is accomplished 
by the adjusting nuts at O. Braking 
intensity is controlled by adjusting the 
setscrew bearing against the collar L. 
In illustration III is shown a motor-op- 
erated, alternating-current brake. This 
brake is quite similar to the brake in 
illustration I except that it is motor 
overated instead of magnet operated. 
The adjustment at P, U and N are the 
same as at A, I and E respectively in 
{llustration I. These adjustments com- 
pensate for wear of the friction ele- 
ments. The braking intensity is con- 
trolled by tightening or loosening the 
spring R. 


the brake fails to hold the load or 
does not stop the machinery soon 
enough. This is due to incorrect ad- 
justment of the braking intensity. 
On spring-operated brakes the spring 
compression should be increased and 
on gravity-operated brakes either 
the weight should be increased or 
the length of the lever arm through 
which the weight acts should be in- 
creased. 

Another cause of trouble is that 
the brakes do not release. This is 
usually due to the fact that the 
brake lining has worn to the point 
where the (Continued on page 328) 
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Maintenance Department 


In Industrial 


Safety 


Together with a Discussion of the Value of Safety 
and Some Precautions Which May Be Taken to 
Protect Maintenance Men at Their Work 


By H. W. DONALD 
District Manager of Engineering, Ameri- 
can Mutual Liability Insurance Company 

of Boston, Boston, Mass. 
LANT MAINTENANCE dif- 
P ferentiates the well-kept, safe, 
successful, going concern 
from its ill-kept unsuccessful neigh- 
bor. Those plants which do not pay 
sufficient attention to proper mainte- 
nance are more often shut down for 
repairs, and subjected to repeated in- 
terruption of production while ma- 
chines are “fixed” or “nursed” along 
to be patched up out of hours, or 
burnt out by accumulation of debris 
due to slack housekeeping. It is 
noteworthy that such plants gener- 
ally have a pronounced shifting of 


personnel because they are shunned 
by good employees. In surveying 
the progress in industrial activities 


PERHAPS no other em- 
ployees are exposed to more 
and varied accident hazards 
than are the maintenance 
workers in the industrial 


plants. Mr. Donald describes 


in this article some of the 
precautions maintenance 
men can take to protect 
themselves and fellow work- 
ers as well as methods by 
which they can help in reduc- 
ing the cost of accidents. 


Padlocked switchboxes, such as this, pro- 
tect men and machines. Starting a par- 
tially dismantled machine may damage the 
machine as well as injure the repair man. 
Each of the four men has his lock on the 
switch box. 


during the past ten or twenty years, 
one is impressed with the greater 
attention given to maintenance along 
with safety work since Workmen’s 
Compensation has become an ex- 
pensive factor in industry. 

The cost of Workmen’s Compensa- 
tion, which is an insurance premium 
in most plants, is based upon a 
schedule rating which is affected 
largely by the physical condition of 
the individual plant. A swing of 30 
to 40 per cent up or down in the 
insurance cost is not unusual between 
two plants similar in product, equip- 
ment and size. Observation has 
shown that a large proportion of 
accidents is still directly attribut- 
able to poor maintenance of walks, 
ways, machinery and plants, just as 
& large part of depreciation of plants 
and equipment is due to poor main- 
tenance rather than to faulty design 
or use. 

Maintenance may relate merely to 
keeping the wheels turning with a 
roof above them. It may relate to 
the intricate adjustment and set-up 
of machines in process of produc- 
tion, or it may relate to the comfort 
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and safety of the workers. Their 
requirements, although in the past 
considered on a flexible basis, are 
found every day to demand more 
rigid standards if success is to be 
achieved in present-day competition. 
This arises not so much from the 
demands of the employees as from 
the scientifically demonstrated rules 
of efficiency. Uncongenial working 
conditions increase labor turnover. 
A serious accident may close down, 
or at the very least slow up, a de- 
partment, or the entire works, 
according to the prevailing tempera- 
ment of the force, and every injury 
suffered invariably spins a thread of 
antagonism which is undesirable 
under any labor conditions. 

Before going further into a discus- 
sion of the part that maintenance 
takes in accident prevention, it may 
be well to state that safety work 
consists of two elements: (a) Edu- 
cation of the employe into an appre- 
ciation of the importance of being a 
careful worker and what it means to 
him, and (b) safeguards and other 
protective measures which make it 
difficult for a man to get hurt. Al- 
though the maintenance workers can 
perform an important service in pro- 
moting the education of the other 
workmen, largely by the example of 
their own carefulness and attitude 
toward all safety activities, they are 
more closely connected with the sec- 
ond of these divisions of safety work. 

While it is the duty of the man- 
agement to see that adequate light- 
ing, ventilation, proper working 
temperature and humidity, and sani- 
tation are provided and that fencing 
of moving machine and power trans- 
mission elements, protection of floor 
and wall openings, and repair of floor 
and wall surfaces and structures 
where patent defects exist, are made 
as necessary, the maintenance or- 
ganization, however, is usually called 
upon to install and look after the 
operation of safeguards as well as 
the equipment and to make any other 
changes necessary. Regular inspec- 
tion with adequate records to pre- 
vent failures in plants and equipment 
from latent defects are an important 
part of the control of these activities. 


The fourth man on the job inserts 
his red safety lock before starting. 


Even though three locks are already on 
this switch box, this does not make it 
safe for the fourth worker as the other 
three men may complete their part of 
the work and remove their locks before 
he is through. This shows in detail the 
switch box on the charging car, also 
shown at the heading of this article. 
These two, and several other pictures 
in this group were taken at the South 
Works of the Illinois Steel Co. and at 
other plants of the United States Steel 
Corporation. 
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When considering maintenance 
and its application to health and 
safety, there are two sides to con- 
sider: The safety of the repairman 
himself, and the safety of the other 
employees. Perhaps no group of 
workers is more frequently brought 
within the line of personal danger 
than the maintenance force. 

To a certain extent, maintenance 
men may be put into one class for 
the purposes of present considera- 
tion, as the hazards are similar to 
woodworkers, metal workers, pipe 
and steam fitters, electricians, build- 
ers, machine fixers and set-up men 
in innumerable industries. A certain 
knack or genius is necessary to the 
job, an ability to make things go, and 
the dangers are very much alike. 

Formerly, under the assumption 
of risk of the common law, the re- 
pairman was not protected if injured 
while in the process of repairing a 
machine, and he frequently had dif- 
ficulty in obtaining damages for in- 
juries so sustained. This is not so 
today, and he is compensated for in- 
juries occurring during the course of 
his employment and growing out of 
it, just as much as anyone else. 

His injuries can largely be attrib- 
uted to the familiar non-mechanical 
causes of: Handling materials, hand 
tools, striking against objects, burns, 
electric shock, flying objects striking 
the eyes, and the general mechanical 
hand and tool injuries due to han- 
dling machines while in motion, or 
inflicted by machines put in motion 
by others while under repair. 

The safety activities of these 
maintenance workers will be dis- 
cussed here in connection with some 
of the more important jobs and the 
incidental danger, together with the 
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safety measures and other precau- 
tions which may be taken in the 
protection of themselves, the oper- 
ators, other workers and the equip- 
ment. For example, the electrical 
workers have many hazards inciden- 
tal to their work which they can 
guard against by carefulness and by 
the many improvements in switches 
and other protective equipment. A 
big hazard results from the possibil- 
ity of unsafe actions of others. This 
must be guarded against as well. 

Perhaps the first rule of all elec- 
trical workers, or any other worker 
who may be called upon to fix or 
adjust a machine, is to disconnect 
by switch or otherwise the machine 
or power circuit worked on. Even 
then, the danger of another throwing 
in the circuit or starting the ma- 
chine is so great that the frequently 
used “Danger” or “Man Working on 
Machine” sign can hardly be relied 
upon. In spite of rules against the 
unauthorized removal of such signs, 
many accidents are the result of 
such acts. The only safe and secure 
way is for each worker to close by 
his own padlock, the switchbox or 
other disconnecting devices so that 
no one else can tamper with them. 
Such a case is shown in the illustra- 
tion at the head of this article where 
four men repairing a machine had 
each placed his lock on the switch 
box after disconnecting the power. 
Other illustrations show different 
applications of lock equipment. It 
should be unnecessary to caution 
against using cheap padlocks which 
are easily unlocked by many different 
keys. 

The objection is sometimes raised 
that the men may neglect to remove 
their padlocks and so tie up a ma- 
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chine longer than necessary. This, 
however, is a matter of supervision 
and probably would never occur more 
than once. At any rate, the result 
would never be as serious as it might 
be if a “Danger” sign were removed 
or accidentally fell off. 

Ladders are responsible for many 
of the injuries to maintenance work- 
ers. These are due to slipping, to 
reaching too far instead of moving 
the ladder, and to the use of poorly 
constructed, broken, or patched up 
collections of sticks loosely nailed to- 
gether which hardly deserve being 
called a ladder. It is surprising how 
many of this last type are still in 
use. Slipping may be prevented by 
non-slip footings on ladders or, when 
possible, by hooks at the top of the 
ladder which may be caught over 
some overhead object, such as a line- 
shaft. Prongs are commonly used on 
the foot of ladders as non-slip de- 
vices but cannot be relied upon for 
concrete or hard flooring. Also, men 
have injured their feet when forcing 
the point down to “set” it in the 
flooring. 

Instead of using portable hand 
ladders to get at motors and other 
equipment mounted overhead, it is 
usually best to build permanent lad- 
ders, as they absolutely eliminate 
the ladder-slipping hazards and are 
always on hand for emergency in- 
spections or other attention. Where 
considerable overhead work is to be 
done, it pays to build a portable plat- 
form. Some shops have such plat- 
forms of a convenient height for 
lineshaft or other overhead work 
placed permanently in each depart- 
ment. Any inspection routine should 
include a careful examination of all 
ladders and platforms. To be sure 
that all ladders are inspected each 
time, it is well to identify each with 
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The compensator for the motor 
which drives the air compressor in 
the accompanying illustration was 
locked in this manner. 

Staples are attached to the moving 
parts of the compensator handle and 
also to the box. When the power is 
thrown off and the lock inserted no one 
can move the handle without the key. 
As the workman alone carries this, Ne 
is safe at his work. 
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a tag or painted number and see that 
all are accounted for. It would be 
well, too, to have some provision for 
condemning those which are not and 
cannot be made safe. Instead of 
painting, it is also better to oil or 
shellac ladders and leave them in the 
natural wood so that any crack or 
split will be visible at once. 

While shafting offers the greatest 
danger to oilers, other workers are 
injured by contact with it. For ex- 
ample, during the past twelve 
months, two painters have been 
whirled to death on shafting. The 
accident report read, “While stoop- 
ing to put brush in pail, loose jumper 
As the shaft- 
ing was located about 3 ft. below a 
20-ft. ceiling, no one anticipated the 
possibility of that accident. Perhaps 
those human sacrifices will save oth- 
ers, for now the painters are required 
to hang a board between them and 
the nearby shafting while they are 
working on ceilings and upper walls. 
This safeguard is simple since the 
need of it has been pointed out and 
consists of one board, two strings 
and two nails. The nails stay in 
place and are ready every time the 
maintenance program brings the 
painters back. The board is moved 
along as the position of the scaffold- 
ing is changed. 

This kind of accident also points 
out another hazard to maintenance 
workers. Loose clothing, rings and 
loose neckties are likely at any time 
to get caught on moving machinery 
and draw the worker into it. The 
danger is somewhat greater to main- 
tenance men in that their work re- 
quires close proximity to moving 
parts of many machines with which 
they are often not familiar. No 
other employe is ever called upon to 
put his arms and hands so near pul- 
leys, gears, belts and shafts as is 
the maintenance man. Very fre- 
quently his familiarity with this 
work breeds a contempt and disre- 
gard for the danger. The prevention 
of the wearing of loose clothing is a 
matter of supervision and education 
of the worker to the hazards in- 
volved. 

That division of maintenance work 


The repairman works on this air 
compressor without fear, and in 
safety. 


Before he started on this job, this re- 
pairman locked the compensator. There- 
fore, he does not have to keep one eye 
on it while doing his work, to prevent 
anyone coming along and starting up. 
This illustration shows one of the 
other workers trying it, but unsuccess- 
fully. The method of locking the com- 
pensator is shown in another illustra- 
tion on this page. 
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Some Safeguards for Maintenance Workers 


Eleven Devices Which Protect Operators as Well as Repairmen 


A—With the steam valve locked, workmen 
feel more safe in entering boilers. 


B—In addition to other safeguards, the 
passerby is warned of men overhead by 
danger signs. 


C—The blowoff valves are removed while 
men are working within the boiler to pre- 
vent steam from backing up in case an- 
other boiler is blown off. 


D—One method of locking a knife switch 
open while making repairs. 


E—Guards placed on a lineshaft and coup- 
ling located near the floor. 


F—Loose clothing caught on this shaft and a 
man was killed. Bearings which require 
less frequent oiling decrease the insurance 
premium rate. 


; Om ast (;—Although this man has lost one finger, he 
csa ` — is taking a chance on “just a little job” and 


2 —— — not setting the guard first. 
—— - 


— P aaee s H and I Another type of locking device for 
= — 3 valves which prevent their being accident- 


ally turned on. 


_. et 1 I- This sheet metal guard and danger sign 
iaf is locked over the handle of the valve to 
prevent it being turned on too soon. 


K and L—These show an effective sheet metal 
guard on lathe gears which may be opened 
for inspection, changing or oiling. 


M—Here the legs of the ladder are supported 
on special non-skid footings covered with 
cocoa matting. Cork, rubber and abrasives 
are also used frequently. Note also the 
bracing of the rungs. 
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connected with the erection and dis- 
mantling of machinery and equip- 
ment has in addition to the ladder 
hazard, a hazard of falling material. 
All chains, blocks, falls and ropes 
used should be inspected frequently 
and discarded when they show any 
signs of excessive wear. Here is an- 
other place where the education of 
the maintenance worker toward ex- 
ercising extra care and in a knowl- 
edge of the loads and stresses 
involved in lifting heavy weights, is 
important. Not only are the men in 
danger, but in addition there is 
always a possibility of damage to the 
machinery handled. 

Leaving bolts, tools and loose 
pieces overhead to fall down later 
due to the vibration of the building 
can best be prevented by supervision 
and education of the men. The com- 
mon practice of carrying an armful 
of tools up a ladder or tossing them 
up should be discouraged and the 
better method of pulling them up 
with a rope substituted. When men 
are working overhead, the space be- 
neath should be fenced off or at least 
protected by signs reading, “Men 
Working Overhead,” or some similar 
sign to prevent injury to the passing 
fellow employe. 

Unless the maintenance worker ap- 
preciates the value of safeguards on 
machines, it is often difficult to get 
the men to use them on the saws 
and other machine tools in their own 
small shop. The same is true of 
goggles employed when using grind- 
ing wheels or chipping metal. Fre- 


These standard types of guards for 
wall openings have been approved 
by the insurance companies. 


In the construction of safeguards in 
industrial plants great emphasis is 
placed on the use of standard forms 
of guards, approved by the insurance 
companies. This sketch shows a type 
of guard approved by the American 
Mutual Liability Insurance Company 
of Boston. is is a standard guard 


for wall openings and may be of 
either wood or pipe construction. 


Another arrangement whereby the 
power circuit can be locked open. 


Here a check is attached to the pad- 
lock, showing the department and num- 


ber of the man who has locked the 
switch open. In this way, it is easy to 
check up and find why and by whom 


the disconnect was made. 


quently, this work occupies such a 
small amount of time and is so spe- 
cial as to require the resetting of the 
guard that the men do not think it 
necessary. Besides, they often feel 
that they are a little more sure than 
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are the other workers. Mushroom 
tools offer another hazard which can 
be prevented by adequate inspection. 

In his work a maintenance man 
comes in contact with every hazard 
incidental to the operation of any 
department in the plant. For ex- 
ample, with the increase in the use 
of ammonia, chlorine, hydrogen sul- 
phide and other gases, entirely new 
hazards are presented to these work- 
ers. All workers who may at any 
time be called upon to do any repair 
work where they may be exposed to 
escaping gases should have experi- 
ence in the use of a gas helmet and a 
life belt. 

Perhaps due to his versatility in 
being required to repair almost 
everything, the maintenance worker 
and the management thinks he knows 
now to take care of himself and to 
some extent have overlooked his 
safety. Rather, however, greater 
care should be exercised in training 
him and preparing him to take the 
precautions necessary for his safety, 
as he is constantly exposed to new, 
unexpected and unusual conditions to 
a far greater extent than are the 
workers in any other occupation. 

An article in a later issue will 
take up standardized safeguards, in- 
spection methods and organization of 


safety work with special reference to 


the part taken in this by the main- 
tenance organization. 


Works of Shredded 
Wheat Company 


(Continued from page 811) 


on an endless chain. Each biscuit is 
built up of thirty-six layers of separ- 
ate shreds. A special cutting ma- 
chine forms this long band of shred- 
ded filament into oblong cakes and 
deposits them on a pan holding fifty- 
two biscuits. Each pan of biscuits 
passes through two separate ovens 
which bake and crisp them. Next, 
the biscuits are taken to the packing 
rooms where they are placed in car- 
tons which are carried on a conveyor 
to a special sealing machine which 
also dries the vegetable glue used in 
sealing the cartons. 

Two interesting problems of this 
industry result from the care re- 
quired in handling because of the 
fragile nature of the product and 
also from the increase in bulk of the 
packed biscuits over the original 
bulk of the wheat. While this 
packed and finished product is not 
heavy, it nevertheless requires large 
storage area and care in handling. 
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Details and Diagrams 
For Making a 
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Special Chorded 
Split-Pitch Loop Winding 


For Use on Small Motors Together With Com- 
plete Information on How to Wind in the Coils 
And Make the Connections to the Commutator 
With the Reasons Why and the Advantages Ob- 
tained by the Use of Such a Winding 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Co. 


ANY small, two-pole motors 
M having an armature with a 

large number of slots and 
small end-room are wound with a 
special chorded, split-pitch winding. 
This winding can be used with any 
number of slots where there are 
two or four times as many bars as 
slots. 

This type of winding was used on 
a 5-hp., 1,110-r.p.m., two-pole motor 
that recently passed through our 
shop. The diameter of the armature 
was 10 in.; it had twenty-four slots 
and forty-eight commutator bars. 

If full pitch, I-and-13, had been 
used, the winding would have piled 
up on the ends of the armature and 
taken up too much space. This would 
have been caused by the end turns 
having to cross the maximum num- 


ber of coils and also bend around the 


shaft, since slots 1 and 13 are on 
diametrically opposite sides of the 
shaft. 

To eliminate some of the coil cross- 
ings and to prevent the coil ends 
from bending around the shaft, the 
coil pitch was reduced to 80 per cent 
of full pitch. Full pitch equals 12 
on this armature; hence 80 per cent 
of full pitch would equal 0.80 X 12, 
which equals 9.6. This is equivalent 
to using slots 1 and 10.6. Since 0.6 
of a slot cannot be obtained, it was 
decided to use a split-pitch winding; 
that is, to wind one coil with a pitch 
of 10, as l-and-11, and to wind the 
next coil with a pitch of 9, as 1-and 
10. This gave an average pitch of 
9.5, which approximates the desired 
pitch of 9.6. 

This particular winding had odd 
turns; that is, one coil had seven 


turns and the second had eight turns. 
The long pitch, I-and-11, coil had 
eight turns, while the short pitch, 1- 
and-10, coil had seven turns. 


ARMATURE IS WOUND WITH ONE 
WIRE IN HAND 


This type of winding must be 
wound with one wire in hand, re- 
gardless of the number of times the 
commutator bars exceed the slots. 

In winding the armature, it should 
be placed with the commutator on 


the left-hand side of the winder, as 


shown in Fig. 1. In this diagram 
the start of the winding is shown 
at S:. The winding can be started 
from any slot and the slot from 
which it is started is called slot 1. 
The Si lead is left long enough to 
reach to the proper commutator bar, 
and a white sleeve is put around the 
lead. The wire is bent down from 


Fig. 1—Side view of the beginning 
of a split-pitch, loop winding. 

Si is the start and F, is the finish of 
the first coil. This coil consists of eight 
turns wound in slots 2 and II. as indi- 
cated by the arrows. At the finish of 
the first coil a loop is made long enough 
to reach the proper commutator bar 
and at the end of this loop the second 
coil is started at Se, in slot 10. The 
second coil is wound in slots 1 and J0 
as indicated by the arrows. An end 
view 2 the first four coils is shown in 
Fig. 


Commuta tor 
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A SPLIT-PITCH winding is 
one in which each two coils 
are wound in three slots, the 
two coils each having a dif- 
ferent pitch. In the winding 
on the motor described in 
this article, the first coil has 
a pitch of 1 and 11; the sec- 
ond coil has a pitch of 1 and 
10; the third coil has a pitch 
of l and 11; the fourth coil a 
pitch of 1 and 10, and so on. 
In this article Mr. Roe tells 
why and where such a wind- 
ing is used and the precau- 
tions to take when making it. 


the front or commutator end of slot 1 
and carried across to slot 11, through 
slot 11 up the back of the armature 
to slot 1, and through slot 1 as shown 
by the arrows in Fig. 1. Eight turns 
are wound in slots 1 and 11. Fi is 
the finishing end of the first coil. A 
loop is then made of the finishing 
end, F., of the first coil and the start- 
ing end, S:, of the second coil. This 
loop should be long enough to reach 
to the proper commutator segment 
and a red sleeve is put on it. The 
starting end, S:, of the second coil is 
carried down the front of the arma- 
ture to slot 10, through slot 10, up 
the back of the armature to slot 1, 
and through slot 1, as indicated by 
the arrows in Fig. 1. Seven turns 
are wound in the second coil. Fig. 2 
shows the front end of the armature 
with the first four coils wound in. In 
this figure S, Fi, etc., refer to the 
starting and finishing ends of the re- 
spective coils, the same as in Fig. 1. 
The small circles in the slots rep- 
resent the different coils and the 
number in the circles indicates the 
coil number and the order in which 
the coil is wound. The commutator 
loops made up of the starting and 
finishing coil ends, Fi, S:, Ss, etc., are 
also shown in the diagram. 

At this stage of the winding, slot 


July, 1924 INDUSTRIAL ENGINEER | 327 


Si FIS? “F2/s3 . 4 Loops fo commutator segments 
Slot * 
number 2 $5 95 mee e 6 a 
A S0,".-Finish of coil 6 


Fig. 2—End view of the winding 
shown in Fig. 1. 


The coil starts at S. and consists of 
eight turns wound in slots J and II, as 
shown by the bunch of wires marked 1 f 
in the two slots. A loop is made of the 21 
finish of the first coil, F, and the start f 
of the second, Sse, which is to be con- 
nected to the proper commutator bar. 7 21 
A red sleeve is put over this loop. Be- / 
ginning with S and ending with Po, / 
the second coil is wound with seven 20 
turns in slots 1 and 10. At F. a loop is / 
made long enough to reach to the 197 
proper commutator segment and the N (7) 
third coil is begun at 8} A white | 
sleeve is put over the loop made by F. 
and S The third coil consists of eight | 
turns wound in slots 2 and 22. | D 


(\ i 
|; — 


— 


TE, 
SL 


A \ 2 ‘ 
2 — N DS 
cn > ae FTRS Jó A 
fe x ＋ — > = 7 
/ 21 4 7 i * 8 (9) 
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. f 8 turris 8 turns 
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~ numbers S24\F 23 
p= r 
\ Finish of F48 
8 N winding -= -7\ y$ -Start of winding 
18 
2 FIG. 2 
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Next to last coll; 
8 urs 


‘Fig. 3—This diagram shows the ar- 
‘mature with the first half of the 
coils in place. 


Note that the top layer of coils begins 
in slot 10 with coil 20. The upper layer 
coils in each slot are indicated by black 
circles with white letters. The letters 
8 and F indicate the starting and fin- 
ishing leads of each coil. The numbers 
in the circles indicate the coil number 
and the order in which the coil is 
wound on. 


Fig. 4—All of the coils have been 
wound in the slots, in this diagram. 


The last two coils have been drawn in 
to show how the winding ends. Fy 
and &, are joined together and treated 
as a loop to be connected to the last 
commutator bar. The letters R and W 
indicate the color of sleeving used for 
each loop. 


6 
An 2 . 
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Center lire | 
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Center line 
of neutral 


region a a 


1 will contain two halves of a coil, 
slot 10 one-half, and slot 11 the other 
half. With the end F: of coil 2 and 
the start, S:, of coil 3, a loop is made 
on which is put a white sleeve. Coil 
8 is wound by running the wire from 
the loop across the front of the 
armature to slot 12, through slot 12 
and up the back of the armature to 
slot 2 and through slot 2. Eight 
turns are wound in this coil through 
slots 2 and 12. At the finish F. of 
coil 3 a loop is made and a red sleeve 
is put on it. The fourth coil is 
wound with seven turns in a manner 
similar to the previous coils, in slots 
2 and 11. There are now four coils 
in five slots, as is shown in Fig. 2. 


USE OF COLORED SLEEVES TO MARK 
COMMUTATOR LOOPS 


The above procedure is followed 
through until the forty-eight coils 
are in place, remembering to use 
eight and seven turns alternately 
and putting white and red sleeves on 
alternate loops. Fig. 3 shows the 
first twenty-four coils in place. No- 
tice that coil 20 starts the upper 
layer of coils in slot 10. In Fig. 3 
the numbering system is the same 
as in preceding diagrams. Fig. 4 
shows all the coils laid in the slots 
and also shows all the loops to the 
commutator; R and W, indicating 
red and white sleeves, are marked 
beside the first few loops to indicate 
the sequence of the sleeves. The last 
two coils are drawn complete so as 
to show how they are wound in. The 
end, F., of coil 48 is connected to the 
start S: of coil 1 to make the final 
loop. In this and the preceding dia- 
gram, the black circles with white 
numbers indicate the coils wound in 
the upper layer of the slots. 


METHOD OF CONNECTING LOOPS TO 
COM MUTATOR 


In A of Fig. 5 is shown the com- 
mutator connections. The brushes 
are on the center line of the neutral 
region as shown in diagram B of 
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Fig. 5—The connections of the 
loops to the commutator is shown 
in these two diagrams. 


In A, it will be seen that the loop con- 
nections to the commutator are given a 
forward lead. This is to compensate 
for the chorded pitch. In B, coil 2 is 
shown in position for commutation. The 
line XX indicates the average pitch. 


Fig. 5. Hence the leads are given a 
forward lead to compensate for the 
chorded pitch. As will be seen from 
diagram A, the loop made up of S: 
and Fi, is connected three bars ahead 
of the bar in line with slot 1 in which 
are the top halves of coils 1 and 2. 
The other loops are connected in a 
corresponding manner. When con- 
necting the loops to the commutator, 
first connect a white sleeve, followed 
by a red sleeve, and follow alter- 
nately with a white and a red sleeve 
until all are connected. Or the loops 
can be connected in two layers. First 
connect all the white-sleeved loops 
leaving a bar between each loop. 
Then put a band of tape over these 
loops, after which the red-sleeved 
loops may be connected in order to 
the remaining bars. 

The most important precaution 
when connecting this type of wind- 
ing is to get the lead throw correct, 
as connecting it one or two bars off 
will considerably shorten the life of 


the winding. This is due to the fact 


that when the leads do not have the 
right throw, one part of the coil will 
be in an active field, which will gen- 
erate a current opposing commuta- 
tion. This will cause the coils to 
heat and in time roast the winding. 


Brakes for Stopping 
Rotating Parts 


(Continued from page 320) 


shoe or disc clearance is so great 
and likewise the air gap of the op- 
erating magnet has become so large 
that the magnet is unable to pull the 
brakes open. This can be remedied 
by decreasing the clearance between 
the shoes and the wheel; this in turn 
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decreases the air gap of the magnet 
and permits it to exert a greater pull 
to release the brake. On solenoid- 


operated brakes, excessive shoe 


clearance causes the core of the 
solenoid to fall too far through the 
coil, thus decreasing its pull. The 
remedy is to decrease the excessive 
clearance between the shoes and the 
brake wheel, the same as in the case 
of the magnet-operated brake. 

Occasionally the operating coil 
grounds or shorts, either due to vi- 
bration or to imposing too heavy 
duty on the coil. It is obvious that 
a half-hour rated coil for crane serv- 
ice cannot be expected to stand up 
under 60-min. mill service. The rem- 
edy is obvious. Coils may be easily 
removed and repaired or replaced 
with new ones. 

The linings on the shoes, bands, or 
discs must be watched and replaced 
before they are worn through. If 
the lining is permitted to wear 
through, grooving of the brake wheel 
is likely to result and thus decrease 
braking torque. 

Brake wheels will wear in time. If 
they become grooved they may be 
taken off and trued up in a lathe. 
Care should be taken that too much 
material is not taken off, otherwise 
the wheel will lose much of its 
strength and will be liable to break 
while in service. Brake wheels 
should be replaced when they become 
worn to the point where they are 
unsafe. To have a brake wheel ex- 
plode in an industrial works may be 
very disastrous. Men may be killed 
or injured and machinery damaged 
by the flying pieces. Only careful in- 
spection and maintenance can pre- 
vent disastrous occurrences of this 
kind. 

Eprror’s Nore: Special acknowledg- 
ment is made to the following com- 
panies for assistance in furnishing in- 
formation, data and illustrations for 


this article: Allis-Chalmers Mfg. Co., 
Milwaukee, Wis.; E. C. Atkins & Co., 
Indianapolis, Ind.; Commercial Chemi- 
cal Co., Boston, Mass.; Cutler-Hammer 
Mfg. Co., Milwaukee, Wis.; Electric 
Controller & Mfg. Co., Cleveland, Ohio; 
General Electric Co., Schenectady, 
N. V.; Kelso Mfg. Co., Trenton, N. J.; 
Sundh Electric Co., Inc., Newark, N. J.; 
Thermoid Rubber Co., Trenton, N. J.; 
Tool Steel Gear and Pinion Co., Cinein- 
nati, Ohio; Westinghouse Electric and 
Mfg. Co., East Pittsburgh, Pa. 

In compiling this article information 
has been obtained from a chapter on 
electric brakes in a new book, “Prin- 
ciples of Electric Motors and Control,” 
by Gordon Fox, published by the 
McGraw-Hill Book Co., and also from 
an excellent paper, “Auxiliary Electri- 
cal Equipment for Motor-Operated 
Cranes,” presented before the A. I. E. E. 
in 1922 by H. W. Eastwood. 
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Details of a 
Method for Using 
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Unit Costs in Installing 
Systems of Lighting 


To Obtain a Quick Estimate of Costs When the 
Area to Be Lighted, Foot-Candles of Intensity and 


Type of Equipment to Be Used Are Known 


By DAVIS H. TUCK 


Electrical Engineer, Holophane Glass Co., 
"New York, N. V. j . 

N THE PAST, industrial light- 
| ing cost figures have been based 
on one 100-watt outlet or on a 
complete installation in one depart- 
ment. Such figures gre of little prac- 
tical value, inasmuch as they have 
no common basis. Also, such cost 
figures as have been used in the past, 
have no direct bearing on the amount 
of illumination that is received for 
the money paid out. Thus, when it 
is stated that the total annual cost 
of eight 400-watt lighting units is 
$340.00, this $340.00 has no practical 
significance, until it is reduced to 
some unit cost, and unless additional 
data are given, such as the type of 
reflector equipment, the floor area to 
be illuminated, and such other data 


THIS ARTICLE was presented by 
Mr. Tuck before the last annual 
convention of the Illuminating En- 
gineering Society as a guide in the 
preparation of estimates on the cost 
of lighting required for different 
industrial operations. It shows how 
to secure lighting equipment and 
layouts that not only provide the 
necessary lighting intensity but 
have low unit cost of installation. 
The anit-cost basis in cents per 
foot-candle per square foot of floor 
space in estimating both installa- 
tion an@ operating expenses is of 
practical value to both the man 
who is to pay for the installation 
and the man who works up the 
estimate as an installation job. In 
many cases a study of unit - cost 
figures of installation and of opera- 
tion will make it possible to secure 
the lowest possible expenditure for 
both items without sacrificing the 
quality of lighting provided. 
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This photograph was taken in the Harris- 
burg (Pa.) Silk Mill. The lighting sys- 
tem uses one Holophane No. 621 intensive 
type reflector with a 200-watt lamp hung 
over the center line of the fronts of each 
two looms. The spilled light from these 
units is considered adequate for the illumi- 
nation of the backs of the looms. The in- 
tensity in the front of the looms is 30 foot- 
candles and at the back of the looms 12 
foot-candles. The cost of this installation 
was one-half cent per foot-candle per 
square foot. 


as will determine the utilization co- 
efficient, this common basis cannot 
be arrived at. When it is remem- 
bered that it is foot-candles at the 
work, and not watts at the socket, 
that are bought and paid for, it is 
seen that the unit cost of lighting 
should be based on foot-candles at 
the work. 

In the case of the lighting instal- 
lation already referred to, where 
eight 400-watt lighting units cost 
$340.00 per year, it was found that 
a uniform illumination of ten foot- 
candles was obtained over an area of 
3,200 square feet. It would follow 
that the logical unit cost would be 
5340.00 — (10 x 3200) = one cent per 
foot-candle for each square foot. 
This is equivalent to saying that one 
effective lumen per square foot costs 
one cent for this particular installa- 
tion. 

The cost in cents per foot-candle 
per square foot is the logical unit 
cost for industrial lighting and has 
already been used effectively in prac- 
tical application. In one instance, a 
silk factory in Virginia wired an elec- 
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trical contractor in New York City 
for a price on re-lighting their Weave 
Department. The contractor an- 
swered by wire that it would cost one 
half of a cent per foot-candle per 
square foot of floor area and received 
a wire to proceed with the work. 

The unit cost of lighting expressed 
in cents per foot-candle per square 
foot can be divided into two parts: 
(1) Unit installation cost and (2) 
unit operating cost. 


UNIT INSTALLATION COST 


The unit cost of installation in 
cents per foot-candle per square foot 
is of practical value and interest 
both to the electrical contractor and 
the owner. The contractor who has 
kept unit cost figures in cents per 
foot-candle per square foot soon ar- 
rives at unit-cost figures which will 
apply to various types of industrial 
installations and can devise methods 
of lighting which will lower these 
unit-cost figures. Thus, if a con- 
tractor has installed several lighting 
installations in Weaving Depart- 
ments of silk mills and finds that the 
unit installation cost in cents per 
foot-candle per square foot is one 
cent when one type of installation is 
made and that by using careful de- 
sign this unit installation cost may 
be cut to one-half of a cent, he is 
evidently at an advantage as regards 
competition. 

The unit cost of installation is ar- 
rived at in the following way: 

Cost of reflector equipment 

(consumers discount) $ 
Cost of lamps on (consumers 

discount basis) 
Cost of wiring (to consumer) 


Incidentals (certificate, extras, 
etc.) 


*eeeseseeseeeseeeeeeseeeeseeieie*ee#teeese 
. 


Total cost of complete job 
(Contractor’s bill) = C..$........ 

Calculated illumination intensity 
checked after installation with a 
portable illuminometer = E 

Total number of square feet of 
floor area served by the lighting 
equipment = A 

Then the unit cost in cents per 
foot-candle per sq. ft. = (C X 100) + 
(E X A). 

To the owner, the unit installation 
cost of lighting in cents per foot- 
candle per square foot is a logical 
and convenient figure. If the owner 
has made a definite appropriation 
for the installation of lighting equip- 
ment, all he has to do- is to divide 
this appropriation by the number of 
square feet to be illuminated and by 
the unit cost of installation and the 
result will be the illumination re- 
ceived on the work in foot-candles. 
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Table I—Unit Cost of Installation in Cents Per Foot-Candle Per 
Square Foot for Various Types of Industrial 
Lighting Installations 


INDUSTRY 


. Wool Yarn Mule Spinning 

. Metal Stamping 

. Elec. Mfg. Assembly small parts 
. Wool Weaving 


RLM 
RLM 


. Knit Goods. Knitting Mach. 
. Soap Mfg. General 

. Struc. Steel. General 

. Auto Mfg. Paint Shops 


RLM 
RLM 


Enam. 
. R. R. Repair Shops 
Enam. 
. Aluminum Spinning RLM 


. Office Coal Company 


. Silk Weaving 


On the other hand, if the owner 
knows the unit installation cost of 
the lighting to be done and the in- 
tensity of illumination required, the 
installation cost can be arrived at 
by the simple relation shown above. 

The unit cost of installation has 
been kept for several types of light- 
ing installations, several of which are 
shown in Table I. 

The unit installation cost for di- 


Fig. 1—Localized general lighting 
in the Arohnson Silk Weaving Mill, 
at Coatesville, Pa. 


This installation uses one Holophane 
No. 621 intensive type reflector with a 
200-watt lamp placed over the center 
line of the fronts of each two looms. 
One Holophane No. 622 intensive reflec- 
tor with a 200-watt lamp is placed 
over the center line of the backs of 
each four looms. There are 150 watts 
for each loom with this arrangement. 
The intensity at the front of the looms 
is 25 foot-candles and at the back of 
the looms 15 foot-candles. The cost of 
this localized general lighting was 
seven-tenths cents per foot-candle per 
square foot. 


TYPE or 
REFLECTOR 


Hol. No. 621 


Porc. Deep Bowl 
Deep Bowl Steel 


Unrr Corr 
Cents PER Foor 
CANDLE PER 
SquaRE Foor 


AVERAGE 
Foor 
CANDLES 


AREA PER 
Bo. Fr. 
12,000 
5,424 
6.860 


0.48 
2. 95 
1.78 


Porcelain Enam. 
Shallow Dome 


4.888 
3.200 
7.974 
208,380 


2.45 
1.23 
2.68 
0.66 


48,000 1.01 


Deep Bowl Steel 


3,264 


29,680 1.25 


Filterlite Enclos- 
ing Glass 
Hoi. No. 621 


5,500 


12,000 0.50 


rect lighting of the RLM industrial 
type is indicated in Table I as 
roughly two cents, and that of semi- 
indirect lighting characteristic of a 
high-class, totally-enclosing globe 
type indirect 69 per cent, direct 31 
per cent (Item 11) is 5 cents. 

Item 9 has a low unit cost, 0.52 of 
a cent per foot-candle per square 
foot, because 750-watt lamps were 
used, thereby lowering the installa- 
tion cost and the cost of the re- 
flectors. 

The low unit installation cost of 
Items 1 and 12 are due to the 
method of installation. In both these 
cases the localized general type of 
installation was employed and due to 
the intensive type of light distribu- 
tion, a high illumination intensity on 
the looms was received at the ex- 
pense of the aisle illumination. It is 
to be noted that in such cases where 


; * — 
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the illumination is not uniform over 
the entire floor area unit cost ex- 
pressed in cents per foot-candle per 
square foot is in a way a misnomer, 
inasmuch as the foot-candles times 
the square feet of floor area do not 
give the total useful lumens. When 
interpreting unit costs of lighting 
for non-uniform systems, the nature 
of the work must be taken into ac- 
count. 

Thus, in the case of Wool Yarn 
Mule Spinning, the working plane is 
limited to the strip of shaded area 
(see Figure 2). If, therefore, the 
light from the lamps can be concen- 
trated.on this strip of working plane 
and gradually shaded off in the 
aisles, the apparent coefficient of 
utilization can be increased and the 
unit cost installation lowered. 

We have become accustomed to 
speak of useful lumens, as those 
lumens which were delivered to an 
imaginary horizontal plane about 30 
inches above the floor and the effi- 
ciency of utilization is taken as the 
ratio of these useful lumens to the 
total generated lumens. It is en- 
tirely possible, however, to have 
some useful lumens that are more 
useful than other useful lumens. For 
instance, in Fig. 2, the lumens in ex- 
cess of 3 per square foot in the aisles 
and non-shaded portion are not as 
useful as those in-excess of 3 in the 
' shaded portion. 

How this idea of some lumens 
being more useful than others works 
out in practice toward lowering the 
unit cost of installation, is seen by 
the following example. 

It is desired to illuminate the 
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Fig. 2—A floor plan of a part of a 
mule spinning room in a wool yarn 
factory. 


mules previously referred to, (an ac- 
tual installation) to an intensity of 
30 foot-candles. The floor area occu- 
pied by the spinning department is 
12,000 square feet; when the uniform 
system of illumination was used, the 
unit cost based on RLM reflectors 
and 200-watt lamps was 0.88 of a 
cent per foot-candle per square foot. 
When the localized general system of 
illumination is employed where it is 
recognized that the lumens on the 
work are more useful than lumens in 
the aisles, the unit cost of installa- 
tion was only 0.48 of a cent per foot- 
candle per square foot. 


UNIT COST OF OPERATION 


The unit cost of operation in cents 
per foot-candle per square foot is of 
more interest to the owner than to 
the electrical contractor. In the 
same way that the owner really buys 
the installation of a definite number 
of foot- candles of illumination, he 
also pays for the operation of a sys- 
tem that will maintain a definite 
number of foot-candles on the work- 
ing plane. ' 


Table II- Unit Cost of Operation in Cents Per Foot-Candle Per 
Square Foot for Various Types of Industrial 
Lighting Installations 


Unir Cosr 


AVERAGE | CENTA PER Foot 
INDUSTRY TYPE or AREA Foor- CANDLE PER 
REFLECTOR CANDLES SquaRE Foor 
1. Wool Yarn Mule Spinning Hol. No. 621 12,000 30 0.36 
2. Metal Stamping RLM 5,424 3.5 1.60 
3. Elec. Mfg. Assembly small 
parts RLM 6,860 11 1.20 
4. Wool Weaving Shallow Dome 
Porcelain Enam. 4,888 11.9 1.60 
5. Knit Goods—Knitting Mach. RLM 3,200 5.6 1.01 - 
6. Soap Mfg. General RLM 7,974 2.5 1.63 
7. Structural Steel. General Porcelain Enam. 
Deep Bowl 208,380 2 1.3 
8. Auto Paint Shop Porcelain Enam. 
Deep Bowl 3,264 3.5 0.98 
9. R. R. Repair Shop Porcelain Enam. 
Deep Bowl 48,000 1.7 1.47 
10. Aluminum Spinning RLM 29,680 3.6 1.26 
11. Office Coal Company Filterlite Encl. 3 
i Glass 69-31 5,500 3.0 2.3 
12. Silk Weaving Hol. No. 621 12,000 30 0.45 
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The unit cost of operation is ar- 
rived at as follows: 


Six per cent on total cost of in- 
stallation (contractor’s bill). 8. 
Percentage depreciation on equip- 
ment (contractor’s bill less 
lamps) 
Lamp renewals based on 1,000 
burning hours as the life of 
the lamp 
Cost of current..........0.008 sosse 
Cost of cleaning. 
Incidentals 


ee eee re 

Actual average intensity in foot- 
candles as read before and after 
cleaning intervals = E. 

Total number of square feet of 
floor area served by the lighting 
equipment = A. 

Then the unit cost of operation in 
cents per foot-candle per sq. ft. = 
(C X 100) + (E Xx A). 

The unit cost of operation has 
been kept for the same installations 
as shown in Table I. Table II shows 
the unit cost of operation of these 
several typical installations. 

Table II indicates that the unit 
cost of operation for direct illumi- 
nation of the RLM type is roughly 
1.3 cents per foot-candle per square 
foot and that the unit cost of semi- 
indirect (indirect 63—direct 31) 
lighting of a high-class totally en- 
closing globe is roughly 2.3 cents per 
foot-candle per square foot. It will 
be noted that the unit cost for the 
RLM installation varies from 1.0 to 
1.6 and this difference is due to the 
way in which the installation was 
planned and the degree of deprecia- 
tion that had set in at the time of the 
illumination test. 

The low unit cost of operation for 
items 1 and 12 are due to the method 
of installation as had already been 
pointed out under unit cost of main- 
tenance. It is here that the great 
benefit to be obtained by a properly 
planned system of localized general 
illumination is realized, for, whereas 
the low unit cost of installation for 
such a system is evident, this cost 
is not of as great importance as the 
unit cost of operation, inasmuch as 
the latter must be met every day, 
and such a saving is cumulative. 

Upon an examination of the for- 
mulas for the unit cost of installation, 
it is evident that in order to lower 
this unit cost, the foot-candles of 
illumination must be increased or 
the cost of the equipment must be 
decreased or both. Inasmuch as the 
cost of lamps and labor of wiring 
and hanging the reflector equipment 
are stable quantities, the reflector 
equipment is the only item where a 
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saving can be made. It is entirely 
possible, however, to increase this 
reflector factor of Item C and reduce 
the unit cost of the illumination by 
using more effective reflector equip- 
ment. An example of this method 
of reducing the unit cost of installa- 
tion is shown in Items 1 and 12 of 
Table I. The unit cost can also be 
reduced by using a few large units 
in place of many smaller units. This 
latter reduction in unit cost, how- 
ever, is ordinarily made by sacrific- 
ing the quality of the light. In 
some instances, however, in such lo- 
cations as an armory, power plant, 
foundry, gymnasium and industrial 
plants where the locations of crane- 
ways make it necessary to mount 
the luminaires relatively high (25 
feet or more above the floor), it is 
possible to reduce the unit cost of 
installation greatly, without sacrific- 
ing quality of illumination, by the 
installation of large lamps in reflec- 
tors of the intensive type. By using 
reflector equipment having a well 
pronounced intensive type of distri- 
bution hung high it is possible in 
such cases to reduce factor C and 
increase factor E in the formula for 
unit cost of installation and opera- 
tion with a corresponding reduction 
in the unit cost. 

In the case of yard lighting, it is 
practical to decrease the unit cost of 
installation by the use of refractor 
equipment in place of ordinary re- 
flectors. When refractors are used, 
the spacing can be made as great as 
12 times the mounting height and 
illumination obtained of a uniform- 
ity equal to ordinary reflectors 
spaced four times the mounting 
height. By decreasing the number 
of posts and outlets, the installation 
cost for the yard lighting system is 
cut down. 

The unit cost of operation can best 
be lowered by increasing the effi- 
ciency of the system, inasmuch as 
the cost of the current is the largest 
item of expense in factor C of the 
formula for unit cost of operation. 


COMMENTS BY OTHER ILLUMINATING 
ENGINEERS 


Davis H. Tuck: Since writing 
this, we have put in some industrial 
yard lighting systems and have found 
the unit cost of installation to be 
roughly 13 cents per 100 square feet 
of industrial yard. The illumination 
in foot-candles in such a yard is 
three-tenths of a foot-candle, the 
poles are about 30 feet high and are 
spaced 240 feet on centers, using 
500-watt lamps. We have checked 
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the unit cost on two yards, one of 
which came to 13 cents and the other 
15 cents, which is fairly close. 

To show you how that applies, I 
received a letter just a few days ago, 
stating that there were 5 acres of 
yards to be illuminated and they 
asked about how much this would 
cost. Evidently the man wanted to 
get an appropriation for lighting 
those yards and he wanted some idea 
as to the cost. Using the average of 
13 and 15 cents which we had ob- 
tained for similar yards, we were 
able to give him a rough estimate of 
the cost of his yard lighting within 
$100 one way or the other. This 
illustration shows the practical im- 
portance of such unit cost figures. 

H. W. DEsAlx: I had both the 
pleasure and the privilege of collab- 
orating with Mr. Tuck in the com- 
pilation of the information contained 
in his paper. I also know from 
actual experience that this works out 
very well in practice, particularly in 
some classes of industrial plants. 

For instance, in the silk industry 
with which I am most familiar, build- 
ing costs are actually handled on the 
basis of cost per square foot. In 
planning a new building or addition 
to an old one, the cost is not calcu- 
lated on the basis of its cubic con- 
tents as is the case in some types 
of buildings, but is calculated on the 
basis of the number of looms times 
100, which is the amount of space 
allotted per loom, including aisles. 

Appropriations are based on the 
various factors which make up the 
cost of the building, reduced to a 
unit of cost per square foot. In the 
past such items as motor equipment 
and wiring for same have been fig- 
ured on the basis of cost per loom 
and then divided by 100 which will 
reduce that to cost per square foot, 
but for allotting appropriations for 
lighting .no figures have been avail- 
able which would permit arriving at 
appropriations for this item. Obvi- 
ously, the first thing to determine is 
the intensity required per square foot 
and then to prepare costs on the 
basis of the cost per foot-candle per 
square foot. 

Mr. Tuck’s paper was not intended 
to determine the comparative cost 
per foot-candle per square foot be- 
tween various types of lighting units, 
but was compiled principally as a 
guide in preparing appropriations or 
approximate estimates on the cost of 
lighting installations for various 
classes of industries and equipment. 
It was also intended to show that by 
judicious engineering and by select- 


Vol.82, No.7 


ing proper reflector equipment that 
not only will high intensity, low unit- 
cost installations result, but that sys- 
tems particularly adapted to the 
work can be obtained. 

In arriving at unit costs it may 
not seem good reasoning to assume 
that for non-uniform systems the 
cost should be figured on the maxi- 
mum intensity as if it were uniform 
over the entire area, but the plant 
executive is not particularly inter- 
ested in whether the system is uni- 
form or not just so long as he has 
sufficient light on the work with not 
too great a ratio between the maxi- 
mum and minimum intensities. The 
plant executive paying for lighting is 
only interested in securing an effi- 
cient system of illumination which is 
so arranged as to be the most useful. 
If the non-uniform system is best 
adapted to the requirements it then 
becomes comparable with a uniform 
system where it is most desirable 
in so far as the unit cost is con- 
cerned. 

Reference to Table I, items 1 and 
2, will show that the ratio from 
maximum to minimum is only 2 to 1, 
which is accepted as good practice 
and not objectionable even for a so- 
called uniform system. 

I noticed that Mr. Tuck, in his 
paper, states that the cost of lamps 
and labor for wiring and hanging the 
reflector equipment are staple quan- 
tities, the reflector equipment being 
the only items which may vary. 
That is true, but the quantity of 
those staple items will vary with the 
efficiency or inefficiency of the re- 
flector equipment, because in some 
instances it is necessary to increase 
the size of the lamps in order to get 
the desired result, which increases 
the number of watts per outlet, and 
therefore, cuts down the number of 
outlets per circuit and hence in- 
creases the number of circuits. 

L. E. ELLIoTT: It is necessary un- 
doubtedly to estimate the cost of 
lighting on a strictly dollars-and- 
cents basis for a given room or 
amount of space. Manufacturers are 
still thinking of lighting as a wholly 
one-sided account on the ledger. It 
is an expense account, and the only 
thing they are particularly interested 
in is in keeping it down, so that the 
red ink balance on the other side 
may be as small as possible. But 
from the illuminating engineering 
standpoint, if we are going to pro- 
mote better lighting we should look 
at it from the view point that is 
really interesting to the manufac- 
turer. The (Continued on page 356) 
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Some of the Things 
to Consider 
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When Analyzing 
Coil Insulation. Troubles 


And Selecting the Best Varnish Treatment— Corro- 
sion Troubles and Treatment for Different Wire 


Insulations are Outlined in Detail 


By H. L. HAZELTINE 


Engineer of Insulation, The Sterling Var- 
nish Co., Pittsburgh, Pa. 


ROM time to time complaints 
| awe been received about the 

non-drying of insulating var- 
nishes. In general this is simply 
a case of improper treatment. All 
varnishes dry from the outside sur- 
face towards the center, so that dur- 
ing the initial drying period a skin 
forms over the outside and tends to 
retain some solvent and unoxidized 
varnish in the center of the coil. 
This really does no harm except that 
the insulation resistance is some- 
what decreased (a good insulating 
varnish is an insulator, either wet 
or dry) and that throwing may pos- 


IN THE ARTICLE that ap- 
peared in the June number 
Mr. Hazeltine outlined the 
best ways to use insulating 
varnish to protect windings 
against moisture, oil, metallic 
dust, and gave details of the 
methods of treatment. In 
this section he takes up a 
further analysis of insulating 
troubles and the treatment 
for enameled wire when used 
with and without cotton cov- 
ering. Another section will 
deal with points to consider 
when selecting a varnish best 
suited to the conditions en- 
countered in service. 
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This photograph shows the use of a shal- 
low varnish by a large repair shop for 
dipping small coils of few turns. 


sibly occur when this undried var- 
nish is in considerable quantity, so 
that due to centrifugal force in mov- 
ing parts it breaks through the outer 
crust and is thrown upon the frame 
or field coils. No harm may be done, 
but at the very least it results in a 
very unsightly appearance. 

Baking Varnishes. — Some ma- 
terials have been sold on the 
strength of the claim that they will 
dry from the inside out and that, 
therefore, drying can be obtained all 
the way through. These materials 
have not been a success as it has 
been definitely proyed that they will 
also form a skin over the outside 
surface, and when such a skin is 
formed the oxidation of the varnish 
base is stopped. 

Rather than select a material 
which must be sold by false claims it 
is much wiser to see what can be 
done towards remedying the diffi- 
culty by a proper method of treat- 
ing the coils after the varnish has 
been applied. 

Method.—In order to avoid the 
accumulation of undried varnish in 
pockets special attention should be 
paid to thorough draining; that is 
placing the coil in such positions 
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during this period that no pockets 
can possibly be formed. 

Special attention should be paid 
to the oven. These varnishes dry by 
oxidation and, therefore, require a 
considerable quantity of fresh air 
during the drying period. See that 
this air supply is properly assured; 
then see that the proper temperature 
is being obtained. 

Even when careful attention has 
been paid to these details trouble 
sometimes occurs, particularly in the 
case of coils of large cross section in 
which the thorough drying is hin- 
dered by the nature of the insula- 
tion, other than varnish, that has 
been used. In order to prevent the 
formation of a surface skin in such 
work many companies reduce the 
temperature of the oven during the 
initial baking period to about 150 
deg. F. or less and gradually raise it 
to the desired point during the first 
two to four hours of the bake. In 
‘this way the solvent is evaporated 
before the actual oxidation of the 
varnish begins. 

Air-Drying Varnishes.— The air 
drying varnishes are generally non- 
oxidizing materials. They dry prin- 
cipally by the evaporation of the 
solvent. Hence, if such a material 
requires too long a period to dry it 
is well first to examine the thinner 
that is being used in the shop. If it 
is not of the proper grade and con- 
tains heavy or slow evaporating frac- 
tions it will slow up the drying 
period amazingly. g 

If the thinner is the correct one 
to use attention should then be di- 
rected to the thickness of coat that 
is being applied. The heavy coats, 
of course, dry slower than do the 
thin ones. It is much better in such 
cases to apply several thin films than 
to try to secure the final results with 
a single treatment. 

The same precautions should be 
taken to secure good draining as in 
the case of baking products. If the 
surface of the material dries so 
rapidly that the solvent is retained 
there is no more chance of obtaining 
thorough drying than if the varnish 
were left in the can and tightly 
sealed. 


LACK OF COLOR OR COVERING 
QUALITY 


Sometimes complaints are re- 
ceived from the small user that the 
varnish which is being supplied to 
him gives no “color” or covering to 
his coils. This is due to one of two 
causes: Either the material which 
he is using is composed largely of 
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This coil was so badly corroded 
that it appeared as though green 
cotton-covered wire had been used. 


thinner and does not have sufficient 


base or useful material to provide 
the necessary protection or, more 
generally, it is because in using the 
material he has thinned it for spe- 
cial work and has either neglected to 
stir the thinner properly or else he 
has used too much of it. Proper at- 
tention to thinning, such as has 
been outlined in the article on Insu- 
lating Varnishes and Their Solvents 
(March, 1924, issue of INDUSTRIAL 
ENGINEER) will completely cure any 
trouble of this sort that may arise 
in connection with the use of insulat- 
ing varnishes. | 


Baking varnishes dry by oxidation. 


During the baking period fresh air 
must be provided and the baking 
temperature regulated so that an 
outside skin will not be formed too 
quickly over the surface and stop 
the oxidation of the varnish base. 


* 
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CAUSES AND PREVENTION OF THE 
CORROSION OF WIRES 


The corrosion or the turning 
green of copper treated with varnish 
is a problem which has in the past 
caused more uneasiness in the minds 
of the user than actual trouble. Most 
users of varnish know about what to 
expect and how to guard against 
this action and hence the subject is 
one of rather more academic inter- - 
est than a vital cause of trouble. An 
article of this kind, however, would 
hardly be complete if we did not ex- 
plain some of the causes of verdigris 
and show just what may be ex- 
pected of any varnish. Some very 
excellent engineers have always 
maintained that the green deposit is 
a good insulator and therefore could 
not be the cause of the breakdowns 
which are sometimes laid at its 
door. Whether this is true or not it 
is unsightly and for that reason 
should be avoided if possible. 

Nature of Corrosion.—Corrosion 
seems to be of two kinds, as evi- 
denced by the turning green of cot- 
ton insulation. These are: (a) 
rapid corrosion in which the action 
becomes visible before the varnish 
sets or during the baking period. 
This must be due solely to a chemi- 
cal action as there is no electrical 
cause to account for the change. 
(b) Electro-chemical breakdown of 
the varnish due to leakage or silent 
discharge which will form ozone or 
nitric acid if water should be pres- 
ent. This has been shown to be due 
to faulty insulation design and can 
readily be distinguished from the 
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other, which is, therefore, the form 
of corrosion that most interests us 
and which we will enalyze. 

Cause of Corrosion.— The oil insu- 
lating varnishes contain very weak 
inorganic or vegetable acids. They 
are present in the oil used but occur 
in larger amounts in the gums. It is 
the practice to neutralize these gums 
and then combine them with the oil 
by means of heat. It is impossible 
to neutralize the combination com- 
pletely because of the danger of 
saponification and the resulting for- 
mation of a water-soluble soap. 

The acid content of any varnish is 
so low and the acid itself is so weak 
that no action on copper can be ob- 
served due to the varnish alone. This 
can be proven by two simple experi- 
ments: (a) Take a clean strip of 


copper and completely immerse it in, 


Troubles often arise from insulation 
other than varnish. 


In the case of coils of large cross 
Section thorough drying is hindered 
by the nature of the insulation. To 
prevent a surface skin in the drying 
operation, some shops reduce the 
oven temperature during initial bak - 
ing to about 150 deg. F. and grad- 
ually raise it during the first two to 
four hours of the bake. 


clear baking varnish. No signs of 


verdigris will appear whatsoever 
even after many days. (b) Take 
two clean copper strips and dip one 
of them in the same varnish. After 
thoroughly baking allow both strips 
to stand where they will be exposed 
to. the atmospheric conditions. The 
untreated copper will after several 
days show signs of turning green 
and eventually will be completely 
covered’ with verdigris. The one 
that has been treated with varnish 
will show no signs whatsoever un- 
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derneath the film. It would thus ap- 
pear that not only does an insulating 
varnish not attack copper but that 
it actually prevents corrosion. 

We must, therefore, look to some 
source other than varnish for the 
cause of this chemical action on cop- 
per. We are inclined to believe that 
this is moisture and perhaps oxygen. 
It seems quite probable when we 
consider the following experiment: 
Wind a spiral coil of copper wire 
about a small diameter rod such as a 
lead pencil, taking care that the 
turns do not touch one another. 
Fasten this vertically to the cork of 
a small bottle containing a smal] 
amount of a liquid varnish, but not 
enough to touch the wire. Push the 
cork into place with the spiral in- 
side the bottle. Invert so that the 
varnish will come in contact with 
the copper and then place the bottle, 
right side up, where it will not be 
disturbed. A drop left on the coil 
will be found to stretch itself out be- 
tween turns due to capillary attrac- 
tion. After a time it will be ob- 
served that more or less green has 
been formed in the drop, indicating 
that some chemical action is taking 
place between the copper, wet var- 
nish and air and moisture contained 
in the bottle. This progresses quite 
rapidly at first, results showing in 
from a day to a week, depending 
upon the varnish chosen for test. It 
reaches a maximum, however, where 
no further green appears when the 
varnish hardens by oxidation and 
thereafter goes no further. From 
this test and the two preceding ones 
several conclusions may be drawn. 
(1) Some cause other than var- 
nish is responsible for corrosion. 
(2) This cause is probably oxygen 
and moisture in the air, since it may 
be observed in this second test that 
the maximum varnish and copper 
surface is exposed to reaction and 
hence humidity and oxygen are al- 
lowed their fullest play. (3) The 


It is almost impossible to thor- 
oughly dry a varnish on the inside 
of a layer wound coil having treated 
or untreated paper between each 
layer, by the application of heat 
from the outside. 


The only places for the solvent to es- 
cane and for air to enter before the 
oxidation of the drying coils is through 
the ends. Another source of difficulty 
is that some repair men insist on form- 
ing coils after varnish treatment. In 
such a case the rapid baking products 
dry too hard to permit such an oper- 
ation. The slow drying materials are 
sufficiently elastic but the coils are 
usually warm when they are formed 
and during this operation the conduc- 
tors press against each other and may 
push the insulation softened by the 
combined action of the heat and var- 
nish solvent. to one side and result in 
short circuits. 
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action is stopped when the varnish 
is: completely oxidized. 

In other words, just as in the rust- 
ing of steel, air and moisture must 
be present for the formation of ver- 
digris. Copper exposed to air alone 
turns green in time. 

In the second experiment where 
the copper strip was treated with 
baking varnish, water and oxygen 
were unable to get through the im- 
permeable surface film and hence no 
corrosion was noted. It is further 
to be observed that enameled wire 
has never been known to develop 
verdigris even in coils which have 
afterwards been only partially dry. 
The reason can only be that air and 
moisture have been kept from actual 
contact with the copper. 

Let us next consider the cotton 
tape or the cotton covering used on 
magnet wire. There are generally 
anhydrous acids left in these mate- 
rials after bleaching. That the ma- 
terial is usually of an acid nature 
may readily be proved by placing a 
piece of wet, blue litmus paper upon 
it. It will turn red showing the 
presence of acid. Even worse than 
this, however, is the nap which is 
always present. These fine hairs al- 
low air and moisture to be drawn 
through the varnish film which is 
supposed to cover completely. They 
also allow the straining out of the 
varnish by capillary attraction, just 
as was the case in the spiral and 
hence the exposure of the maximum 
copper surface to wet varnish, air 
and moisture which this nap assists 
in bringing in. Furthermore, the 
cotton also contains considerable 
moisture in itself. 

You will now understand better 
one of the reasons why so much 
stress was laid earlier in this article 
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In some shops armatures and sta- 
tors are wound with white or un- 
treated coils and the complete 
winding dipped in baking varnish. 
When this is done some slight degree 
of moisture resistance is usually sac- 
rificed in order to provide mechanical 
or binding strength since the purpose 
of dipping the complete winding is to 
hold the coils in place and prevent their 
vibration, to fill all cracks between coils 
so as to prevent the deposit of dirt or 
moisture and to seal the laminations 
and to prevent their vibration, to cover 
the iron and prevent rust and to pro- 
tect against oil which may be splashed 
on windings. 


upon the necessity for thorough dry- 
ing of the coils before treatment and 
the obtaining of a perfect seal over 
the cotton insulation. Properly 
treated coils seldom show any signs 
of a reaction between copper, var- 
nish, moisture and air. 

If a coil of copper wire which has 
been wrapped with cotton and 
treated with a single coat of a clear 
baking varnish is cut open consider- 
able verdigris will be found, espe- 
cially when it has not been pre- 
heated, even though practically none 
appeared when the test was made 
with the same varnish on the spiral 


‘coil in the bottle. It would, there- 
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fore, appear that any wet varnish 
containing an oil or fatty acid base 
may be acted upon by air and water 
during the drying period and that a 
certain amount of free acid may be 
formed from substances fairly well 


neutralized in the varnish. 


One would, therefore, expect that 
when a varnish is applied by means 
of vacuum-pressure impregnation 
that an increase in the acidity of the 
varnish would be noted and this is 
exactly what has been observed in 
many cases. The explanation for 
this is as follows: In this process 
the coil is completely submerged in 
the varnish, air necessarily contain- 
ing a certain amount of moisture is 
admitted over the surface and 
pressure is applied. This pressure 
must force the air and moisture into 
the varnish where it may act upon 
the varnish itself to cause an in- 
crease in acidity, or it may even be 
driven into the coils where it will 
come in contact with the copper. The 
results then would be the same as 
have been observed in other circum- 
stances. This is one of the reasons 
why we have not recommended this 
system for varnish application to 
coil work. 

Let us consider next some of the 
opinions of others. Some very good 
authorities claim that the green 
copper compound formed is an in- 
sulator and hence will do no 
harm. This is probably true for 
we know of no cases of trou- 
ble ever having been actually 
traced to this type of corrosion. 
(This does not refer to the electro- 
chemical corrosion which is the re- 
sult of faulty insulation.) This 
opinion is also borne out by the opin- 
ion of very excellent authorities who 
claim that the action is not one upon 
the copper but rather the action of 
the copper upon the varnish which 
would probably result in the forma- 
tion of a copper soap rather than a 
copper salt. 

Some engineers claim that china- 
wood oil varnishes show less corro- 
sion than do linseed oil products. It 
is the writer’s opinion that this has 
yet to be proved, although it is quite 
probable that the action will be ar- 
rested more quickly because of the 
more rapid drying of these materi- 
als. As has been stated before, the 
action ceases as soon as the varnish 
is thoroughly dry. A linseed oil 


After dipping and baking opera- 
tions, a coat of air-drying varnish 
is insurance against breaks in the 
continuity of the baked film. 
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product drying in the same length 
of time has been found to give 
equally good results. On the other 
hand some of the worst cases of 
verdigris have been in connection 
with chinawood oil products. 

Measures for Prevention.—Since 
the varnish makers cannot at pres- 
ent control the action, the user must 
take it into account. Instead of 
blaming the varnish he should study 
his methods of application and so ad- 
just them that the reaction cannot 
occur. This can be accomplished by 
preheating the coil thoroughly and 
then applying a sufficient number of 
coats to insure against interruptions 
of continuity. Where the condition 
is very severe a resort to singeing 
and sandpapering may help consid- 
erably. 

Make sure that the varnish used 
is in good condition and that it con- 
tains a sufficient quantity of base or 
useful material to give good filling 
and covering to the work in hand. 
Remember that the larger companies 
who are doing the most careful work 
do not have corrosion difficulties. It 
is more often experienced by those 
who do not consider varnish of suffi- 
cient importance to waste any 
thought upon it. 


TREATMENT FOR ENAMELED WIRE 


The treatment of coils wound with 
enameled wire is far from being an 
academic matter, as was the case of 
the preceding problem. It is a ques- 
tion which is giving considerable 
trouble today. As in all of the pre- 
ceding cases, it can be largely con- 
trolled by careful treatment. It is 
not a thing for which either the var- 
nish maker or the manufacturer of 
enameled wire can be blamed. 

Causes of Softening of Enamel.— 
The enamel used on copper wire is 
in all essential respects an insulating 
varnish baked at a very high tem- 
perature. Hence, it will be softened 
by exactly the same conditions that 
will cause the softening of a varnish 
film. 

It has been found that all varnish 
solvents, especially in the presence 
of heat, have a softening effect upon 
enamel—some more than others. 
Such materials as alcohol, acetone 
and all coal-tar products (such as 
solvent naphtha) have the greatest 
effect and hence varnishes contain- 
ing any one of them in considerable 
proportions should not be used 
where they will come in direct con- 
tact with enameled wire. Petroleum 
distillates have the least effect. Var- 
nishes containing a special grade of 


INDUSTRIAL ENGINEER 


such products; that is, those which 
contain a very volatile petroleum dis- 


tillate of narrow cut—containing 


none of the heavier fractions—will 
be found to have the least softening 
effect upon enameled wire and hence 
are most suitable for the treatment 
of coils wound with it. 

One source of difficulty has been 
that some engineers have insisted 
upon forming their coils after var- 
nish treatment. This is a very grave 
mistake. The rapid baking products 
dry too hard to permit such an oper- 
ation. The slow-drying materials 
are sufficiently elastic, but the hot 
solvent remains in contact with the 
wire for too long a period. Hence 
the enamel may be softened. The 
coils are usually warm when they 
are formed and during this opera- 
tion the conductors press against 
one another and may push the insu- 
lation, softened by the combined ac- 
tion of heat and varnish solvent, to 
one side, which will result in short 
circuits. | 

Remember that the difficulty is 
due partly to the nature of the solv- 
ent and partly to the length of time 
which this solvent is in contact with 
the wire and that this action is 
hastened by heat. In selecting a 
varnish for this work one should be 
chosen which contains a special solv- 
ent evaporating so rapidly that it 
remains in contact with the wire for 
as short a time as possible. 

Process of Treatment. Two 
methods of procedure may be fol- 
lowed in handling coils of this type. 
Either will give good results pro- 
vided that careful attention is given 
to the details. 

Impregnating Method. — Preheat 
the coils for a sufficient length of 
time to drive out the occluded air 
and moisture from the windings. 
This time will depend upon the size 
of the coil. Dip while still hot in a 
rapid baking varnish of the type de- 
scribed. Allow to remain for at 
least a half hour or until all bubbling 
has ceased and the varnish has been 
drawn into the interstices. With- 
draw and drain for at least one hour 
to allow the varnish to partially set. 
Then bake at any temperature that 
will not injure the fibrous insulation, 
taking care that the bottom during 
draining is at the top during baking. 
Repeat this process as many times 
as are necessary to produce the fin- 
ish desired. It will generally be 
found that after the first coat a 
shorter period of baking may be 
used, since these later coatings are 
largely surface films. 
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The result of this treatment is a 
well-filled coil with conductors well 
bound in place to protect them 
against mechanical strains. As there 
is little dead air inside the heat gen- 
erated will be dissipated. The proc- 
ess is entirely suited to the treat- 
ment of small armatures wound with 
plain enameled wire. 

The method, however, has this 
weakness when applied to coils of 
considerable cross section: During 
the baking a skin forms over the sur- 
face of the varnish and retains a cer- 
tain amount of wet solvent in con- 
tact with the windings which in 
time will soften the enamel. This is 
especially true in cases where 
treated paper is used for layer insu- 
lation and in layer-wound coils 
where the only chance to dry the 
varnish is through the ends. 
“Shorts” may show up in such coils 
many months after they have been 
in service. Again, where very fine 
wire has been used the expansion 
due to heat causes the wire to ex- 
pand and if it is held too firmly it 
bursts through the outer insulation. 

Coils treated in this manner with 
the proper type of varnish cannot be 
formed after treatment. 

Quick Dip Method.—Preheat the 
coil as before. Dip quickly while 
still hot in a very heavy-bodied, vis- 
cous varnish. Allow to remain in 
the bath for as short a period as 
possible—a few seconds at the most 
—withdraw at once and drain thor- 
oughly. Then bake as before with 
the bottom during draining at the 
top during baking. 

Because of the heavy consistency 
of the varnish and the quickness of 
the dip little penetration will be ob- 
tained; not over 14 to % in. is de- 
sirable. As many additional appli- 
cations should be made as will give 
the degree of protection desired. 

The resulting coil is completely 
sealed against moisture, oil, acids, 
etc. The effect upon the enamel is 
obviated by the fact that little if 
any varnish actually comes in con- 
tact with the wire. The method is 
entirely adapted to coils operating 
on low voltage or intermittent serv- 
ice where little or no heat is gener- 
ated and hence heat dissipation is 
not a factor. The process also has 
the advantage that the coils may be 
formed, since the conductors are not 
bound in place and hence have a 
chance to move. 

Still another advantage is that the 
solvent can be thoroughly dried out 
without any danger of affecting the 
enamel. (Continued on page 354) 
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ROM a study of 201 

fatal accidents, the ac- 
cident prevention commit- 
tee of the National Electric 
Light Association in its re- 
port presented at Atlantic 
City last May, points out that nearly one-half of 
these accidents occurred to men who were inexperienced 
or new to the conditions under which they were work- 
ing. Seventy-seven per cent occurred to men during the 
first five years of service. 

These data point emphatically to the need for a peri- 
odic and careful check-up on machines, work and sur- 
roundings where there is a possibility for carelessness 
or inexperience to be the cause of a fatal accident. Such 
accidents, the committee also points out, frequently 
occur at starting and quitting time, when a competent 
foreman should always be on the job. At such times 
carelessness can usually be detected and the responsi- 
bility placed where it belongs. 

The report mentioned contains thirty-five pages and 
provides useful information and suggestions to those 
who are responsible for accident prevention programs. 


Inexperience Is a 


Target in 
Accident Prevention 


— — 


HEN assuming the 

responsibility of keep- 
ing a drive in continuous 
operation, one of the first 
things that the mainte- 
nance man looks for is the 
spare resistors for the control apparatus. In many 
plants large stacks of spare resistors are a common 
sight. This is a condition that seemingly should be 
easily corrected. 

Failures of resistors are usually caused by breakage 
due to vibration, by heating due to overloading and by 
grounding due to insulation failure. Breakage due to 
vibration is obvious and the usual motor inspector will 
correct this trouble without being told. Probably more 
failures are due to overheating than to any other cause. 
Overheating with its attendant excessive expansion and 
contraction of the resistor frames is also one of the 
most prolific causes of insulation failures. 


How Hot 


Are Your 


Resistors? 


Vol.82, No.? 


According to “Standards for Industrial Control Ap- 
paratus” adopted May 16, 1924, by the Board of Di- 


‘rectors of the American Institute of Electrical Engi- 


neers as presented at the annual convention in Chicago 
last month, and to the “Handbook on Controllers for 
Electic Motors” issued by the Electric Power Club, the 
limiting observable temperature rise should not exceed 
350 deg. C., when the thermometer is placed in contact 
with the resistive conductor. In other words with a 
room temperature of 25 deg. C., a thermometer placed 
against a resistor grid should not read higher than 375 
deg. C. How often is it the case, when walking through 
a control balcony or control house, to see resistor grids 
glowing a dull red, in other words working at a tem- 
perature around 750 deg. C.? We would not think of 
putting twice full load continuously on a motor. Why 
not apply the same thinking toward resistors? The 
standards mentioned above also specify that the tem- 
perature rise of the air issuing from the resistors, when 
measured one inch from the enclosure, shall not exceed 
175 deg. C. | 
Replacing overloaded resistors with larger capacity 
resistors and careful determination of the proper size 
for the initial installation will not only greatly reduce 
maintenance costs and production delays, but will also 
reduce the capital investment tied up in non-productive 


spares. 
— 


N A recent number of 
The Human a publication issued by 
Nature in Lockwood, Greene & Com- 
Man pany for the purpose of 
making known in an inti- 
mate and personal way the 
ideals and service rendered by its organization as con- 
sulting engineers, and mill-managing and operating en- 
gineers, the following item appeared under the heading 
of “Apple Pie and Golf”: 


One thing C. S. Ching of the United States Rubber 
Company has discovered in dealing with all sorts of men, 
both big and little, is that no matter how rich they may be, 
or how high their social position, all of them are human 
beings. 

To illustrate their common humanity, he tells about 
overhearing the conversation of two boys. One of them 
said, “Gee, we had a great apple pie at our house last night, 
and I got a big, juicy piece. I bet you didn’t have a pie as 
good as ours.” | 

“Huh,” answered the other boy, I'll bet your pie 
wasn’t as good as our chocolate cake! I had a big piece 
of cake with chocolate all over it. I’ll bet my piece of cake 
was better than your old piece of pie.” . 

On the train that same morning in the seat in front 
of Mr. Ching sat two business men, one the president of 
a corporation and the other the vice-president of still an- 
other big company. The corporation president told his com- 

anion how well he had played a certain hole on the Long 

sland golf course; whereupon the other man came back 
with a boast about what he had done out on the Westcnester- 
Biltmore course. 


After all most people have many things in com- 
mon—the trouble comes in finding just what these 
things are. The one that is most common is pride of 
accomplishment. If a man is doing worth-while things 
it does not take long to find out what he is most inter- 
ested in. Plant managers can well take advantage of 
this trait in human nature, to the benefit of all con- 
cerned. Nothing is more gratifying among hard-work- 
ing foremen than recognition of one or more things they 
are personally interested in. If it’s associated with a 
company plan of operation no one thing can build up 
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interest and earnest co-operation in its execution like 
the enthusiastic support of a foreman. A little recogni- 
tion once in a while, by the big boss, of a loyal depart- 
ment head or an individual who is doing original and 
creative work has a peculiar way of paying a large re- 
turn in the form of advertising the human side of man- 
agement and the general policies of an institution that 
make good men like to work for it and induce others 
of the same kind to join them. 


— —— ä — 


EN in charge of gen- 

eral maintenance 
throughout a large plant 
are about the busiest indi- 
viduals in the works and 
they go from one thing to 
another almost on the run. This is so because they are 
in many cases trouble doctors, the men to whom others 
look for fixing up breakdowns, or locating troubles that 
are holding up work at machines and causing operators 
to stand around with nothing to do. But when one job 
is fixed up, on they go to the next and the next from the 
time they reach the plant in the morning until they 
leave it at night. After a time they get to know a lot 
about the weak spots in the plant equipment; the causes 
of troubles that might be prevented; the carelessness of 
certain operators, and the ways certain equipment 
might be changed or rearranged to improve its opera- 
tion. l 

Men who have the opportunity of such training and 
experience and become experts in their work, nowadays 
have a chance to go up the ladder of responsibility 
faster than any other skilled mechanic if they .possess 
or acquire one thing—initiative. 

Elbert Hubbard once defined initiative as doing the 
right thing without being told, or at least doing it when 
you have been told once. It’s a little more than this 
for it’s doing a thing right and knowing why; making 
it your business to make sure that the executive to 
whom you report knows the details of why things go 
wrong and presenting the reasons in such a way as to 
let that individual knów that you are interested in pre- 
venting troubles as well as curing them; that you have 
an interest in his problem of production and the elimi- 
nation of wastes and excessive costs. If you fail to get 
your point across by talking to him, then write out 
your suggestions and comments and ask to get the 
privilege of showing him the things you believe should 
be done. Just don’t give up until you are sure that your 
viewpoint has been fully understood—that’s determina- 
tion plus initiative and it’s the thing every works man- 
ager is looking for and willing to pay for when backed 
by an expert working knowledge of how to do things 
or get others to do them. 

Recently in an eastern plant a maintenance engi- 
neer who had been in charge of factory repairs and 
changes for a number of years was selected as the head 
of the production division. It came as a surprise to 
him but it was based upon observation of his work. 
That man was never contented to do merely routine 
work in his department but was always ready to help 
any one by making suggestions and working with him 
in carrying them out. 

He had demonstrated his executive abilities in his 
own department and knew the technique of maintenance 
wérk from start to finish in every other department. 
Year by year as he went about the plant he absorbed 


There’s a 


Place for You 


At the Top 
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fundamental knowledge of process work, kept in close 
contact with foremen and their problems and devoted 
the energies of his staff to giving the best possible serv- 
ice in cutting down delays and preventing troubles. 

In his new work his superior feels sure that he 
will follow the same procedure and combine his experi- 
ence in maintenance and plant engineering generally 
with his insight into process requirements. It is a safe 
bet that the productive éfficiency of the entire factory 
will be put upon a new and higher plane. The ability 
of this engineer to acquire the mental angle of the pro- 
duction man while going about his regular duties is not 
unique, but it suggests to other maintenance engineers, 
who sometimes are tempted to wonder “where they are 
heading in” when busy with the seemingly endless 
round of repair jobs required to keep a great industrial 
organization profitably at work, that the man who gets 
ahead is the one who goes about his job in the same 
way as though he owned the whole works and had to 
meet the payroll every Saturday morning. Such men 
don’t need a pull to get ahead, they need determination, 
initiative and good health—that’s all. 


— — 


NDER the best of con- 
ditions the mainte- 
nance engineer of a large 
works has a man-sized job. 
In addition to the mechan- 
i ical and electrical problems 
which must be solved in keeping equipment in proper 
operating condition, he must manage somehow to se- 
cure and keep the co-operation of the various foremen 
and department heads. Without the co-operation of 
these men it is very difficult or impossible for the main- 
tenance department to work to the best advantage. The 
foremen of other departments can do much to help or 
hinder the work of the maintenance department. 

How this co-operation can be secured is a problem 
to which various answers could be given, and probably 
no one answer will fit all conditions. Every foreman 
has his own troubles to worry over and it is perhaps 
only natural that he should be inclined to pay little at- 
tention to the maintenance department and its prob- 
lems—until one of his motors or machines breaks down. 
Most of us find it difficult to take much interest in 
things that we do not know much about, and that do 
not appear to affect our personal welfare directly. 

In an article which begins on page 312 of this issue, 
Mr. Woodbury tells how the various department fore- 
men of The Wahl Company were led to give their en- 
thusiastic support and co-operation to the work of the 
maintenance department, through a system of monthly 
reports which show the charges made against each de- 
partment. In order to keep some of these charges down 
to a minimum it is necessary for the foremen to co- 
operate with the maintenance department in keeping 
equipment in good condition and preventing break- 
downs. Thus, co-operation with the maintenance de- 
partment becomes a matter of education rather than 
compulsion or discipline. The foremen can see where 
maintenance work directly affects their record as exec- 
utives; it is a useful tool, not a theory or something for 
the other fellow to worry about. 

Securing the co-operation of an individual or a group 
of individuals is largely a matter of showing what such 
co-operation will do for them. Self-interest will do the 
rest, where argument or compulsion might fail. 


Self Interest 
Is the Basis of 


Co-Operation 
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Questions Asked * 
and Answered 


by Readers 
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Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 


perience. 
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Answers Received 
To Questions Asked 


I want to thank the readers who were 
kind enough to give me so many good 
answers in the January and April, 
1924 issues of INDUSTRIAL ENGINEER, 
to my question regarding the charging 
rate of storage batteries. To me these 
answers were worth the price of my 
subscription many times over. 
Temiskaming, Que., Can. J. H. F. 

x W X & 
Air Filter for In 

—I should ike to See litle informa: 

tion from someone who may be in- 


clined to lend a helping hand. The 
plant where I am employed has in- 


Who Can Answer 
These? 


Moisture-Proofing Treatment For Motors 
in Pulp Millsa—I wish some of the read- 
ers of INDUSTRIAL ENGINEER would tell 
me what method or treatment they use 
for keeping moisture out of the wind- 
ings of motors and other electrical 
equipment which is located in very 
damp places, particularly in paper pulp 
mills. I shall be very grateful for any 
information you can give me. 
Temiskaming, Que.. Can. J. H. S. 


Methods of Repairing Wooden Floors 
We have found that the wooden floors 
in the trucking aisles and particularly 
at corners where trucks are turned, 
wear more rapidly than the remainder 
of the floor. would like to know the 


experience of some of the other read- stalled two feather-valv > 
ers of INDUSTRIAL ENGINEER in making | sors. These com 70 ae subjected 
repairs for these sections of the floors, 7 Ine —— to coal dust, coat smoke and sand and 
Also, we would like to know whether we aro having trouble with the valves. 
our renders favor flooring laid parallel not know what sort of control appara- After cleaning them they operate 
to ee af trucking, crossways, or tus was in the base of the fan, but satisfactorily for about 24 hours, and 
on a ¢ so aL lH with the connections shown the motor then begin to hang and stick. 
Monmouth, III. H. attalns a speed of 1.600 r. p. m., but Will someone please give me com- 
622 >ù o heats up rapidly and would roast out plete details of a suitable screen or 
if allowed to run for a time. Will air filter that I could make and use 
Can Direct Current Be Obtained from some reader please help me out on on the intake of these compressors? 
Fora Spark CT. gome Pender this? Norfolk, Va. B. E. 
please tell me can connect a Ottawa, Ont.. Can. S. J. e n 
Ford spark coil to a 110-volt line 5 We note a question by W. B. E. in 


through a 6-volt, step-down trans- the May issue in which information is 


former and use it for the ignition sys- Will These Brackets Cause Trouble t—I : : p 

tem of an engine? (2) Under these am sending a sketch of an iron bracket requested in relation to air filters for 
circumstances would the high-tension which is to be used for supporting two compressors. We note that the com- 
side of the coil deliver æ.c. or d..? (3) sets of feeders for a three-phase, 550- pressor in question takes in air which 


What is the voltage on the high- volt system. Considering that the j ; 

tension side of one of these colls? brackets are made entirely of iron, 1 18 filled with coal dust, sand, ete., and 
(4)Can I put 110 volts a.c. on the high- should like to know if there would be it is quite natural that trouble with the 
tension side and charge a storage bat- valves would result 


tery from the low-tension side? (5) 
Can you tell me how to make a good 
rectifier for charging storage batteries? 
Bellingham, Wash. E. M. D. 


It would be our recommendation that 
the reader install an air filter on the 
suction of these machines, and we can 
refer him to the Reed Engineering 
Company of 50 Church Street, New 
York, who would be glad to furnish 
such filter. 

Your client should give the Reed En- 
gineering Company full information re- 
garding the capacity of the machine 
and size of suction opening. 

We are sending you two copies of 
this letter so that you may forward one 
to your client if you so desire. 

R. D. BROOKS. 
Manager, Air Compressor Dept., 


Construction of 5 and Guarda 
We have found it necessary to make 
some pipe rail guards to extend along- 
side some of our machines to prevent 
trucks from getting too close to them 
and also to provide a free aisle along- 
side the machines for the operators. 
As we wish to make these easily re- 
movable, I wonder if some of the read- 
ers of INDUSTRIAL ENGINEER could of- 
fer any suggestions as to how these 
can be made sectional, the size of pipe 
to use, kind of fittings, construction: 
of floor sockets, the span between sup- 
ports, the most convenient length of 
sections and methods of connecting the 


4 
cats 


sections. ee 
Peoria, Ill. G. G. H. wae ORON Tump & Machinery Corp., 
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In reply to the inquiry by W. B. E. 
in the May issue of INDUSTRIAL ENGI- 
NFER, in regard to air filter for intake 


of air compressor, I would refer you 
to bulletin T-3516-2 put out by the 


Stator Connections for Old-Type G. E. 
Fan Motor—I have an old-style, Gen- 
eral Electric, 110-115- volt. 60-cycle, 
single-phase fan motor of the squirrel- 
cage rotor type, with spool-type stator 
windings. The original field coils, 
which were burned out, contained 170 


turns of No. 20 d. c. c. wire. As I did ; ; 

not have any No. 20 wire at the time. any inductive or other action If 20 Westinghouse Traction Brake Company, 
I rewound the coils with 200 turns of or 25 of these brackets were used. If Pittsburgh, Pa., showing centrifugal 
No. 22 4. A e Wire. "Dyo cons wee 785 coud A DE eliminarea by making dirt collectors and strainers. 
spool-wound, e two coils re e brackets o rass or copper? Will ` ; q i 
the honeycomb type. I connected these someone please advise me what to do? Perhaps there is something in this 


coils as shown in the diagram. I do Hastings-on-Hudson, N. Y. S. S. which will help you out in your dif- 
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ficulty. On the street cars, we use a 
strainer similar to that shown on page 
5, piece No. 67900, and find that we 
have very little trouble with dirt or 
dust in the compressor. However, the 
curled hair should be removed from the 
strainer and washed thoroughly in 
gasoline at regular periods. 


Asst. Supt. of Equipment. R. S. NEAL. 
The Kansas City Railways Co., 
Kansas City, Mo. 
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Correcting Power Factor by Synehron- 
ous Condenser—I wish to submit the 
following problem to our readers: A is 
a distributing station supplying power to 
four feeders, B. C. D and F, B takes 
4,000 kw., C, 3,500 kw., D, 3,000 kw., 
and E, 2,000 kw. The power factor of 
these loads is: B, 80 per cent, C, 78 per 
cent, D 75 per cent and W, 72 per cent, 
all lagging. It is desired to install a 
synchronous condenser at station C, to 
give 95 per cent power factor. Would 
it make any difference in the size of con- 
denser required at C if stations B, D. and 
B were to correct their power factor to 
unity instead of running at 80, 75 and 72 
per cent respectively, as at present, (1) 
in case station A has ample generator 
and exciter capacity and (2) in case this 
capacity is just enough to carry the 


load? 
Belleville, Ont., Can. J. H. G. 


In looking over my reply, in the May 
issue, to J. H. G.’s question I find that 
I made an error in my answer. I evi- 
dently copied the wrong value for the 
synchronous condenser and gave the 
reactive kva. instead of the actual con- 
denser capacity, which should have 
been 6,300 kva. The second paragraph 
of my answer should, therefore, read: 
“( 1) Under the first set of conditions, 
to raise the power factor to 95 would 
require a synchronous condenser with a 
capacity of 6,300 kva., operating at 
zero power factor leading,” etc. The 
value of 1,000 kva. given under Case 2 
is correct. 

I regret that this error was made and 
want to take this opportunity of cor- 
recting it. C. OTTO von DANNENBERG. 
The J. G. White Engineering Corp., 
New York, N. Y. 
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With reference to the problem sub- 
mitted by J. H. G. in a recent 
issue of INDUSTRIAL ENGINEER, it is 
evident that power factor correction is 
desired at station (A), as a condenser 
at station (C) will only affect the 
power factor in the line between sta- 
tions (A) and (C) and on the bus bars 
and generating equipment at station 
(A). x 

Considering the correction of power 
factor at station (A) by a condenser 
at station (C), assume that the diagram 
is drawn to scale, letting the ordinates 
(vertical lines) represent wattless in- 
ductive kva., the abscissas (horizontal 
lines) represent kw. and the diagonals 
(hypothenuses) the total kva. of the 
various stations as follows: 

Station (B); (ab) equals 4,000 kw.; 
(be) equals 3,000 wattless lagging kva.; 
(ac) equals 5,000 kva. delivered to sta- 
tion at 80 per cent power factor. 

Station (C); (cd) equals 3,500 kw.; 
(de) equals 2,800 wattless lagging kva.; 
(ce) equals 4,500 kva. delivered to sta- 
tion at 78 per cent power factor. 

Station (D); (ef) equals 3,000 kw.; 
(fg) equals 2,640 wattless lagging 
kva.; (eg) equals 4,000 kva. delivered to 
station at 75 per cent power factor. 

Station (E); (gh) equals 2,000 kw.; 
(hi) equals 1,930 wattless lagging kva.; 
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(gi) equals 2,780 kva. delivered to sta- 
tion at 72 per cent power factor. 
Station (A); (ak) equals 12,500 kw. 
output; (ki) equals 10,370 wattless lag- 
ging kva.; (ai) equals 13,160 kva., total 
delivered by station. Power factor 
equals (ak) divided by (ai), or 77 per 


-cent. 


If (al) be drawn so that cos @ equals 
0.95, the line (al) will represent the kva. 
at station (A) when delivering 12,500 
kw. at 95 per cent power factor. Then 
(kl) will represent the wattless lagging 
kva. at the same time. Line (il) will 
represent the leading power factor re- 
quired to correct the power factor at 
station (A) to 95 per cent. The size of 
condenser, as indicated by this line, will 
be approximately, 6,240 kva, when op- 
erated at zero leading power factor. 

Placing a condenser of this capacity 
at station (C) will change its power 
factor from 78 per cent lagging to ap- 
proximately 48.6 per cent leading and 
would cause a wattless load in its feed- 
ers considerably in excess of the value 
before correction. 

Referring to the diagram, if stations 
(B), (D) and (E) are raised to 100 per 
cent power factor, (ab) equals 4,000 kw. 
at (B) at 100 per cent power factor; 
(bm) equals 3,000 kw. at station (C) at 
78 per cent power factor; then (me’) 
equals 2,800 wattless lagging kva. at 
(C); (be’) equals 4,500 kva. delivered to 
station (C); (e'o) equals 3,000 kw. at 
(D) at 100 per cent power factor; (on) 
equals 2,000 kw. at (E) at 100 per cent 
power factor; (an) equals 12,800 kva. 
output at station (A). Power factor 
equals (ak) divided by (an), or 97.6 per 
cent power factor at station (A). 


i 


Graphic method of determining size 
of condenser needed for power fac- 
tor correction. 


Since the power factor under this 
condition is 97.6 per cent no condenser 
is required at (C). 

The diagram was purposely distorted 
to show more clearly the method used 
and it should not be scaled to verify the 
above figures. 

In the writer’s opinion, a condenser 
is not warranted in this instance, but 
if the main station is loaded to such a 
capacity that it should be considered, 
the money necessary to purchase the 
condensing equipment could be better 
applied to additional power plant equip- 
ment. If the generator has sufficient 
capacity, there is no need to worry. 
Wilmington, N. C. CHARLES R. Suce. 
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Supporting Load from Concrete Ceiling 
In rearrangement of the plant with 
which I am connected, we frequently find 
it necessary to suspend conveyors, motor 
platforms, countershafts, heavy radiators, 
and similar equipment from the ceiling 
of a reinforced concrete building. I am 
wondering if any of the readers of IN- 
DUSTRIAL ENGINEER have any informa- 
tion on how heavy a load can be sup- 

ported from expanded bolts. I would 
also like to find out what other readers 
consider the best method of fastening 
equipment to the ceiling. 

Chicago, Ill. E. D. F. 

Referring to E. D. F.’s inquiry in the 
April issue, by far the cheapest and 
easiest way to attach a heavy load to a 
concrete ceiling is to drill right through 
it and screw bolts into flat plates. If 
desired the plates can be sunk below 
the level of the floor above and a con- 
crete patch put in. 

Of course, if the ceiling is the roof, it 
will be necessary to make the job water 
tight, but there are plenty of roofing 
compounds which can do that. 
Plainfield, N. J. CHESTER L. SEYMOUR. 
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In answer to E. D. F.’s question in 
the April issue, the literature on the 
holding power of expansion bolts set in 
concrete is quite limited. Merriman, 
in his “American Civil Engineer’s 
Pocketbook,” third edition, page 591, 
states that expansion bolts, when im- 
bedded in 1:2 portland mortar, have an 
ultimate holding power of 264 lb. per 
sq. in, and adds that a working unit 
stress of about one-fifth of this, or 53 
lb. per sq. in. should be used. 

Turneaure and Maurer in their “Prin- 
ciples of Reinforced Concrete Con- 
struction,” second edition, page 216, 
state that the bond strength of plain 
steel is 200 to 250 lb. per sa. in., from 
which a working stress of 60 to 80 lb. 
per sq. in. is suitable. They further 
state “For deformed bars having a pos- 
itive grip, a working stress of 150 lb. 
per sq. in. gives an ample margin of 
safety.” 

Let us apply this to a particular 
brand of -in. bolt and anchor. 
Roughly, the anchor is 1 in. in diameter 
and 2 in. long, making an area of 6.28 
sq. in. imbedded in concrete. At 150 
lb. per. sq. in. this would give a holding 
power of 942 lb. Allowing 10.000 lb. 
per sq. in. tensile strength in the bolt, 
which ought not to be exceeded, a %- 
in. bolt is good for 1,260 Ib. in tension. 
This would show that, for this particu- 
lar case, the anchor would be weaker 
than the bolt. 

There are a number of types of ex- 
pansion shields on the market, ranging 
in size from those for small wood 
screws to those for 1-in. bolts. Each 
manufacturer claims that his particular 
product is the best and asserts that 
when properly applied the bolt will 
break before the anchor pulls out. This 
may be true in all cases where properly 
installed, but unless the workman is 
thoroughly familiar with this class of 
work, the shields will not be properly 
installed. This is especially true of the 
malleable and composition anchors on 
the market. Proper drill size is abso- 
lutely necessary for the correct instal- 
lation of these anchors. 

The “Pierce” lead sleeve expansion 
bolt comes in sizes of % in., % in., and 
% in. and of varying lengths and has 
been found to be very effective in these 
sizes. For bolts larger than % in., mal- 


Fort Worden, Wash. 
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leable anchors of either the “Sebco” 
type or the “Keystone” type have been 
used here with success. The latter has 
been used to support 1-ton trolley 
tracks mounted on a concrete ceiling. 
Practically, I should hesitate to de- 
pend upon an anchor’s developing the 
same strength as its bolt and, to allow 
for poor workmanship, would say that 
no anchor should be called upon to de- 
velop more than one-half of the work- 
ing strength of the bolt. 
E. I. PEASE. 


* k & * 


Answering E. D. F.’s question in 
the April issue, expansion bolts used 


for overhead loads on a concrete 


ceiling are safe only for small areas 


and not very heavy loads, and where 
serious vibration is absent. The safest 
way to suspend heavy loads is to use 
strong split clamps bolted to I-beams. 
If the beams cannot readily be located 
in the ceiling at all points, light rails or 
small I-beams can often be supported 
from such beams as can be located. 
Then countershafts, platforms, ete., 
can be readily clamped to the exterior 
I-beams. 

Expansion bolts are likely to crack 
out pieces of the concrete ceiling if 
drawn up too tightly, and if left a 
trifle loose they are liable to work out. 
The only safe fastening for a heavy 


overhead load is clamps on the flanges | 


of beams, or bolts in drilled holes, with 
lock washers or double nuts. 

By the methods shown in the illus- 
tration the writer has supported 
motors up to 1,000 lb. in weight on ex- 


Heavy loads may be suspended 
from the ceiling by split clamps 
around the beams, (A), or from 
I-beams bolted to the ceiling 


beams, (B). 


i concrete ceiling 
‘Bolt holding clamp together 


Mam. bolt through clamp 
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terior I-beams bolted to the beams im- 
bedded in the ceiling. If the span is 
very great use heavier beams to sup- 
port the loads, and as many as are 
needed may be placed side by side. 
Expansion bolts are all right in con- 
crete floors and for some kinds of light, 
motionless loads on side walls, but for 
heavy loads on walls and ceilings they 
are not to be trusted, principally be- 
cause they are liable to work loose, no 
matter how long or what type they are. 
New Britain, Conn. H. S. RIcEH. 
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Referring to E. D. F.’s question in 
the April issue, I have had to solve this 
same problem and finally made a strap 
or detail which has given very satisfac- 
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A flat iron strap fastened around 
the beam by lag screws and expan- 
sion shields and fitted with a hook 
forms a convenient support for 
heavy weights. 


tory results. This strap, which is shown 
in the illustration, was made of %-in. 
by 2-in. flat iron and was used on con- 
crete ceiling beams. It was attached 
to the beam by means of %-in. by 
8%-in. lag screws. and expansion 
shields set in the beam. The hook was 


‘Small I-bearn 
bolted to imbedded 
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made from a piece of %-in. round iron. 
The upper end of the hook was peened 
over so that the strap would fit close to 
the beam. I might suggest that if this 
hooked strap, as shown, is undesirable 
holes may be drilled and tapped for 
bolting any type of support to the strap. 
I sincerely hope that E. D. F. will find 
this strap to be the solution of his 


problem. F. J. H. Krause 


Dallas, Tex. 
* „ „ * 


Installing Signal Lamp on Single-Phase 
Electric Furnace—Can any of our 
readers tell me how to install a signal 
lamp on a single-phase electric furnace? 

There is a switch on the primary side 
of the transformer that furnishes current 
for the furnace, and I wish to find some 
way of installing a light between the top 
carbon electrode and the bottom contact, 
so that when the switch is released by a 
short circuit from a piece of metal fallin 
against the carbon electrode, we can te 
by this light whether the electrode has 
been raised high enough to break con- 
tact with the metal, before throwing in 
the switch. 

The winding in the transformer forms 
a permanent circuit, so that we cannot 
apply any outside source of current tb 
operate this light. It would save us con- 
siderable money if we were able to con- 
nect up a light of this kind, as the cost 
of carbon electrodes and contacts for the 
switch runs into considerable money. I 
shall apprectate very much any sugges- 
tions which you can give me. 

Michigan City, Ind. P. V. H. 


Answering the question by P. V. H. 
in the March issue, inasmuch as the 
winding in the transformer forms a 
permanent circuit, there seems to be no 
way to attach a lamp circuit to the 
electrodes without cutting in on the 
secondary. If it would save consider- 
able money to have such an indicator I 
would suggest cutting in a heavy, 
double-throw, double-pole knife switch, 
which would disconnect the trans- 
former secondary circuit and at the 
same time connect in an outside light- 
ing circuit. The indicator should con- 
sist of at least two lamps, so that no 
delay would be caused if one should 
burn out. 

New Britain, Conn. 
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H. S. Rion. 


Trouble with Single-Phase Motor—I have 
a %-hp., 110-volt, 60-cycle, single- 
phase induction motor of the split- 
phase starting type, having its wind- 
ings on the rotor and the squirrel cage 
on the stator. This motor recently 
showed evidence of heating when run- 
ning on light load and finally refused 
to start, even without load. On testing 
the windings, they were found to be 
free from opens, shorts and grounds. 
The centrifugal switch functions all 
right but shows burning at the contact 
points. The bearings were renewed 
and the contact points cleaned, after 
which the motor started on no-load 
when first reassembled, but after that 
it again refused to run. The rotor was 
free in the bearings and did not rub on 
the stator, also the brushes were oper- 
ating all right. Will someone suggest 
what may be the cause of the trouble? 
Newark, N. J. H. 


In reply to H. M.’s question in the 
May issue, I am inclined to think that 
his trouble is in the stator, assuming 
the motor tests were correctly made 
and no defects found. Troubles in 
rotors of induction motors are not par- 
ticularly common. H. M.’s motor may 
have been running at times with a tem- 
perature high enough to melt the sol- 
der at the joints of the bars and short- 
circuiting ring. High resistance at the 
loose joints might have caused the 
motor to heat sufficiently for this to 
happen. 

Loose joints manifest themselves by 
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a rattling noise, in the case of a squir- 
rel-cage motor. Inasmuch as his motor 
has the squirrel cage on the stator 
the rattling noise mentioned above is 
not very noticeable. 
New Orleans. La. 


* * * * 


OvipE C. HARRIS. 


Why Do Grounds Not Blow Fuses in 
Power House?—It always takes two 
grounds of opposite polarity to make a 
short circuit. In cities or in large in- 


dustrial plants where there is much con- 
duit work, there must be grounds. If 
there is a ground on the negative side 
of one building and a ground on the pos- 
itive side of another, why would these 
not blow the main fuse or open the 
breaker in the power house? 


Again, un- 


der the conditions shown in the diagram, 

when testing out building C, would it not 

be possible to obtain results which would 
make one think that there is a ground 
somewhere in this building whereas it is 

located in building A or B? 

Worcester, Mass. F. R. B. 

In reply to F. R. B.’s question in the 
April issue, I would say that the fuses 
do not blow nor the breakers open be- 
cause the short circuit is of very high 
resistance. The current is not strong 
enough to open the circuit. However, 
it represents a power waste even 
though it does not interrupt service. 

It is possible to obtain the results 
you mention. In a case like this it is 
always advisable to open the entrance 
switch and thus eliminate the danger 
of picking up a ground from another 
part of the circuit. This might lead to 
a good deal of confusion and loss of 
time before the real situation was 
discovered and corrected. 

Sot. James A. COOKE. 
Observation Battery, 
Fort Bragg, N. C 
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In reply to F. R. B.’s question in the 
April issue, with two grounds on the 
opposite polarity of a system, the main 
fuse will blow or the main circuit 
breaker will open only if the resistance 
between the grounds is low enough to 
allow sufficient current to pass through 
to trip the circuit breaker or blow the 
fuse. 

If the grounds have a high resist- 
ance, as when they are due to damp- 
ened, worn insulation, or through dust 
or some partially conducting medium, 
it is doubtful whether any effect will be 
noted, other than an indication on the 
ground detector. Should the voltage 
be high enough and sufficient current 
flow through the conducting medium to 
the ground, it is possible that there 
might be local heating, or even danger 
of fire if the surrounding conditions 
are favorable. 

It is the practice of some companies 
to make tests to determine the resist- 
ance of grounds even to the extent of 
using various sizes of fuses to blow un- 
der certain conditions. 

When testing for grounds in certain 
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buildings, the existence of a ground in 
a particular building can only be defi- 
nitely determined by opening the main 
supply switch to that particular build- 
ing and then making tests. A ground 
on other parts of the system or in any 
other building will lead to confusion re- 
garding the particular location of the 
ground when the whole system is in- 
terconnected. 

When the whole system is installed 
in iron conduit or in lead-covered 
cables, grounds on opposite polarities 
will usually have a sufficiently low re- 
sistance to give a definite action of the 
fuses or circuit breakers. 

C. Otto vox DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 


* * * * 


Answering F. R. B.’s question in the 
April issue, where the ground appears 
on both sides of the line in separate 
buildings there is enough resistance in 
the earth to keep the fuses from blow- 
ing or the circuit breakers from open- 
ing, and yet the ground indicator at 
the power station will indicate the 
heavier ground. This is a common oc- 
currence on d.c. circuits where motors 
are used mostly for operating elevators 
or other apparatus and are placed in 
damp basements. 

It is not possible for both grounds to 
show in the same building. When test- 
ing for a ground the heavy ground will 
show on the test lamps until it is re- 
moved; then the ground will show on 
the other side of the line. Upon pulling 
the main switch of that building the 
ground will show up on the main out- 
side circuit, and can easily be traced 
to the other building. 

I have found that the best way to 
test for this kind of a ground is to use 
test lamps, connecting enough lamps in 


series to carry the voltage, and making 


a test at the cabinet center by cutting 
out each circuit and testing for the 
ground. , 
Time is often saved by pulling the 
main switch of the building and then 
testing for the ground. One must keep 
in mind which side of the circuit the 
ground is on because, as before stated, 
indications of a ground will appear on 
the other side of the line as soon as 
the heavy ground is removed. 
Knoxville, Tenn. W. P. AMANNS. 


* * * * 


With reference to F. R. B.’s inquiry 
in the April issue, a discussion of why 
main circuit breakers do not open due 
to grounds on both sides of the line 
involves several points. 

(1) If the grounds do not appear on 
the same machine, there is an appre- 
ciable resistance between them which 
limits the current. The writer meas- 
ured the resistance from a water pipe 
to the angle iron supporting a switch- 
board, 20 ft. distant. The angle iron 
was fastened by expanding bolts to the 
concrete floor, which was laid directly 
on the ground. The actual resistance 
was 50 ohms. This resistance, on our 
220-volt lines, would permit a flow of 
4.4 amp. if both legs were solidly 
grounded. 

(2) In a properly designed system 
the main feeders are better insulated 
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and as they carry more current than 
the smaller branch circuits, the lines 
are fused accordingly. Assume that the 
main distribution panel is fused for 
600 amp. 

One feeder circuit goes to an indi- 
vidual building panel where we find the 
circuit split and the main fuse on that 
board to be 150 amp. These branches 
are distributed to various lighting cir- 
cuits and machines with their individ- 
ual fuses of 20, 40, or 60 amp. rating. 
As grounds appear most frequently at 
the machine, the smallest fuses would 
be the first to go and thereby protect 
the main circuits. 

(3) If all circuits are periodically in- 
spected, using a megohmer to test the 
insulation resistance and these tests are 
tabulated, deterioration can be watched 
and checked before any damage is 
done. 

As to the location of the grounds, we 
always pull the switches or fuses of 
each building when testing for grounds. 
One bad spot, therefore, appears only 
in the building which is being tested at 
the time. | 

If the circuits must be tested while 
they are hot, there is on the market a 
patented ground locater for running 
down the ground without any possibil- 
ity of error. By listening in with an 
ear phone at different points along the 
feeder, a sound is heard only at those 
points where ground current is passing 
through the copper tested. As soon as 
the grounded machine is passed, the 
phone is silent. In this manner, 
grounds can be traced with certainty 
down any number of branches. 

CHESTER L. SEYMOUR. 
Plainfield, N. J. 
* * + * 


Preventing Corrosion of Iron Storage 
Battery Racks—I should like to ask 
your readers what treatment can be 
given to iron racks for storage batteries 
which will prevent the spilled acid from 
attacking the iron. We use the lead type 
of battery filled with dilute sulphuric 
acid. We have a large number of stor- 
age batteries and recently some iron racks 
have been constructed. All of these 
racks were painted with several coats of 
the best grade of asphaltum black paint 
but this does not protect the iron when 
acid is srilled on it, nor does any kind 
of raint that I have tried. 

We have had considerable trouble due 
to the corrosive effect of the acid form- 
ing a substance resembling sand which 
falls into the jars below. This produces 
excessive iron in the solution, making a 
change of acid necessary. I shall ap- 
preciate it if anyone can tell me how to 
overcome this. 

Atlanta, Ga. J. B. 


In reply to J. B.’s question in a re- 
cent issue, as the result of experiment- 
ing with several different preparations 
in an effort to prevent corrosion of bat- 
tery racks and busbars I wou'd suggest 
that he thoroughly clean off all old 
paint and corrosion from the attacked 
parts and then wash them with a solu- 
tion of bicarbonate of soda. Dry thor- 
ouchlv and apply two coats of Pyramid 
Acid Resistor Paint, either flat or gloss, 
or both. 

If he does this I am sure that 
the trouble from corrosion will disap- 
pear. I have experienced J. B.’s trouble 
and I sympathize with him. It is very 
annoving and hard to overcome. 

The Pyramid paint I mentioned can 
be obtained from the Pyramid Paint 
Co., Philadelphia, Pa. 

Dallas, Tex. F. J. H. KRAUSE. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Simple Extension for 
Lengthening the Valve Stem for 
Convenience in Control 


RACTICALLY every . operating 

man has found instances where 
those responsible for the construction 
of the plant have placed valves and 
other similar equipment in places dif- 
ficult of access or almost unbearable 
because of the heat or wet, and in some 
instances even in locations dangerous 
because of proximity to moving parts 
of machinery. Sometimes these diffi- 
culties may be overcome by building 
platforms or using ladders. To change 
the location of such a valve is often 
expensive and may require the tempo- 
rary shutting down of a section or all 
of a plant. Even though these valves 


Overhead valve 


Extra 
*handwheel 
Sr 7 
A 
Coupling nut 
With this simple attachment an 
extension handwheel can be placed 
on valves which are located in 
places difficult of access. 


* 


may be operated infrequently a delay 
incidental to an emergeney operation, 
because of the difficulty of access, may 
be serious. 

One way of operating such valves is 
by means of the easily- constructed ex- 
tension handwheel shown in the accom- 
panying sketch. This extension is 
made from a length of pipe, threaded 
and slotted on each end, as shown in 
the detailed drawing, to go over the 
spokes of the handwheels. The exten- 
sion pipe is secured, both to the valve 
handwheel and the added handwheel, 
with two coupling nuts. In case these 
nuts are not available, two pipe caps 
can be used but the one to be placed at 
the valve must be drilled out to go over 
the stem. 

This is an easily-made fixture which 
it is possible to construct in a short 
time, in almost any shop, without any 
special facilities other than pipe tools. 
With an extension such as this a valve 
may be operated from either side of a 


wall. 
Washington, D. C. G. A. LUERS. 
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Constructing a Portable 
Air Compressor for Supplying 
Air in Isolated Locations 


XTENDING the piping system so 

as to place compressed air outlets 
convenient to all motors in and around 
a large industrial plant usually means a 
prohibitively heavy expenditure, unless 
there are other uses for the air at those 
locations. Also, where the com- 
pressor is supplying various tools, suc- 
tion boxes and other equipment, an 
extra supply of air is not always avail- 
able when needed for blowing out for- 
eign material from motors. It often 
happens, too, that the general air sup- 
ply is rich in moisture which may do 
as much harm to the motors as the 
dust would, if it were allowed to re- 
main. 

An economical portable compressor, 
as shown in the accompanying illus- 
tration, was built by the writer and has 
given entire satisfaction. A small 
compressor, originally used on the 
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sprinkler system, was mounted on the 
truck which was built for the purpose, 
and connected to a tank made from a 
3-ft. length of 12-in. heavy wrought- 
iron pipe, the two ends of which were 
sheeted and welded. This tank with- 
stood a pressure of 150 lb., and was 
provided with a gage and pop valve set 
at 120 lb. 

The motor used is a spare 5-hp., 
550-volt, three-phase, 1,800 r.p.m. in- 
duction motor which, while about three 
times too large for the compressor, 
did not add to the cost of the outfit as 
it could be used in other places and 
also serve as a spare. 

Two reels were mounted on the 
truck, one with 150 ft. of %-in. hose 
and the other 250 ft. of four-conductor 
cable. The ends of the cable were fit- 
ted with universal test clips so that 
550 volts could be obtained easily from 
any service station around the plant. 
This gives a working range of prac- 
tically the whole plant and yard as 
compressed air can be supplied at prac- 
tically 400 ft. from the electrical power 
outlet. 


This portable compressor is used 
to supply compressed air in iso- 
lated locations. 

Often, all parts of a plant are not pro- 


vided with compressed air pipes. This 
portable compressor was made up of 
miscellaneous spare equipment at one 
plant and provided with 250 ft. of 
cable and 150 ft. of air hose which 
would give it a range of almost 400 
ft., from any power outlet. 
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When this equipment is being used to 
blow out equipment two men can eas- 
ily handle the outfit and do more work 
than is possible with the air outlet 
system. H. E. STAFFORD. 


Electrical Engineer. 
Port Arthur, Ontario, Canada. 


[Epiror’s Nore: To prevent the 
force of the blast from rupturing the 
insulation, it might be well to use some 
method of redueing the pressure be- 
fore applying it directly to motors. If 
blowing out motors is the only use for 
this portable outfit, a hand blower with 
extension cord might be used much 
more economically. Other applica- 
tions, however, of a portable compres- 
sor of this sort might be for operating 
drills, hammers or other tools in iso- 
lated locations or other places which 
are not piped with air. It could also 
be used for general cleaning or with 
a paint spray. |] 
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Inexpensive Guard for Motor of 
Direct-Driven Grinder 


N UNUSUALLY simple but flex- 
ible motor guard for a vertical 
grinder unit was made up in a Massa- 
chusetts factory by bending a piece of 
sheet iron over the top of the motor, 
as shown in the illustration. A slot 
in the side of the guard next to the ad- 
jacent column permits the entrance of 
the conduit feed line. The guard is held 
in place by screwing it to the wooden 
base on which the grinder is mounted. 
This guard is strong, but easily re- 
moved when necessary and, as will be 
seen, gives ample protection to the 
motor and wiring. 
This shield not only protects the mo- 
tor from water dripping but also pre- 
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A piece of sheet metal was bent 
into the form of a semi-circle and 
fastened in place over the motor 
by screwing it into the wooden 
base on which the grinder is 
mounted. 
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vents abrasive material from getting 
into the bearings. Another possible 
source of trouble guarded against is 
particles of steel getting into the wind- 
ings and causing grounds or shorts. 
Boston, Mass. H. S. KNOWLTON. 
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Procedure for Refinishing of 
Heavy Machinery 


T IS often necessary or desirable to 
refinish large generators, motors, 
engines and other equipment. Refin- 
ishing is not a particularly difficult 
process, but unless certain precautions 
are observed and the work as a whole 
carefully done the results are likely 
to be disappointing. The following in- 
structions, which we have used with 
good results, may therefore be of in- 
terest to the readers of INDUSTRIAL 

ENGINEER, 

(1) Finishing a Machine Completely. 
—When putting an entire new finish 
on a machine or piece of apparatus in 
a plant, the following procedure shall 
apply: 

(a) Scrape the machine thoroughly 
to remove all traces of the old filler 
and enamel. Wash the machine with 
gasoline, or carbon tetrachloride, if 
available, to remove all traces of oil. 
The surface of the ironwork must be 
entirely free from oil before the filler 
is applied. 

(b) Apply one coat of brush filler. 
This filler is prepared by thinning De- 
graco Filler Paste Color No. 52, grey, 
to a brushing consistency with turpen- 
tine. Allow one hour for this coat to 
dry. 

(c) Fill in all rough spots and holes 
using the filler as it comes from the 
can. Before proceeding further the 
machine should be allowed to dry at 
least twelve hours. j 

(d) Reduce some of the filler to a 
semi-paste with turpentine and smooth 
out all irregularities with a_ knife. 
After getting the surface as smooth as 
possible follow up immediately with a 
coat of brush filler as under (b). It is 
best to knife a small area, say a square 
foot or two, and then go over this 
spot with the brush filler, rather than 
knife the whole machine before brush- 
ing it over. 

(e) Give a final complete coat of 
brush filler and allow to dry twelve 
hours. 

(f) Rub down very carefully with 
sandpaper starting with No. 1 and fin- 
ishing with No. 00. Procure a piece of 
smooth soft leather and finish the filler 
down to a perfectly smooth surface. 

(9) Before proceeding to apply the 
machine enamel, paint the armature, 
field coils, armature spider, pole faces, 
cables, ete., with Westinghouse Air 
Drying Insulator Varnish. 

(h) Apply a coat of Degraco Ma- 
chinery Enamel Color No. 118, yellow 
ochre, and allow time to dry. 

(i) When thoroughly dry go over 
the machine carefully and note any 
spots that are not perfectly smooth and 
glossy. Work these down with No. 00 
sandpaper, being careful not to remove 
the enamel entirely. 

(j) Apply final coat of enamel to 
the machine, being careful to brush out 
smoothly and evenly leaving no brush 
or finger marks. While putting on 


345 


this coat and during the time it is dry- 
ing, be very careful not to allow dust 
to settle on the surface. Avoid all 
sweeping and if possible keep the room 
closed. As a precaution it is a good 
plan to make a screen to put over and 
around the machine, where possible. 

(k) During the whole process of 
finishing do not permit any oil to get 
on the machine as it will prevent the 
proper adherence of the filler and 
enamel. N 

(2) Retouching Finish on a Machine. 
When retouching the finish on a ma- 
chine that has been re-assembled after 
repairs or on which the finish is dam- 
aged from other, causes, the following 
procedure shall apply: 

(a) Sandpaper with No. 1 paper 
the parts affected, to remove all loose 
or cracked particles of filler or enamel. 

(b) Brush or knife in filler accord- 
ing to the nature of the damage, giv- 
ing two coats and allowing about ten 
minutes between them. 

(c) When thoroughly dry smooth 
down carefully and sandpaper starting 
with No. 1 and finishing with No. 00. 
Give a final rub down with leather. 

(d) Apply a coat of enamel and let 
dry over night. 

(e) Apply final coat of enamel ob- 
serving precautions noted above un- 
der (1) k. 

By the use of these instructions it is 
easy to standardize the refinishing of 
machinery. I have found that if the 
operations outlined are carefully per- 
formed a very satisfactory finish will 
be obtained. ' FREDERICK KRUG. 
Comerio Falls, 

Bayamon, Porto Rico. 


— —— 
Effective Method of Cleaning 
Windows and Skylights 


K LIGHTS and windows are pro- 

vided to enable workers to take 
advantage of natural daylight but if 
the windows are neglected and grime 
and dirt allowed to cover the glass, 
much of its effectiveness is lost, espe- 
cially if rough or translucent glass is 
used. Dirty windows can easily make 
it necessary to supply artificial illum- 
ination an hour or two extra each day 
and often all day, when it might not 
otherwise be necessary. 

The big difficulty lies in getting a 
solution which will soften this grime 
without requiring too much labor and 
time or damaging the steel sash. After 
numerous experiments with various 
home-made cleaning compounds, some 
of which contained acid and destroyed 
the metal sash, while very few of them 
cleaned satisfactorily, the Economy 
Engineering Co., Chicago, tried out a 
liquid cleaner sold under the trade 
name of Glow-Brite, which not only 
cleaned the glass quickly and well but 
did not affect the metal sash. It is 
only necessary to rub this cleaner on 
the glass to dissolve the dirt and then 
flush it off with clean water. In this 
plant, part of the offices and the two- 
story assembly floor near the center of 
the building depend upon skylights for 
natural illumination. For this reason 
it is essential that the skylights be 
clean enough to really provide some 
light and the use of this cleaner has 
solved what was formerly a trouble- 
some problem. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec- 


tion, overhauling, testing or special installations. 


Around the Works 


Novel Method of Finding Ground 
In Generator Armature 


N A PLANT where I was employed, 

a steam-pipe split one morning just 
before starting time. The break oc- 
curred above the outboard bearing of 
one of the 150-kw., d.c., engine-type 
generators and before the steam could 
be shut off at the boilers, the engine 
room was completely filled with steam 
and, of course, everything was well 
soaked. 

As soon as the broken pipe had been 
replaced, all of the machines were 
started up and run slowly for several 
hours, in order to dry them out. The 
generator nearest the break appar- 
ently got the worst of it, as almost all 
of the paint was washed off. However, 
it was put on the line the following 
day and seemed to carry the load as 
well as usual, but after two days’ run, 
it was noticed that there was a ground 
on that machine. 

The usual tests were made, but the 
ground could not be located by our 
crew; so an expert electrician was 
called in. He decided that the machine 
would have to be dismantled and the 
armature rewound, estimating the 
probable cost to be between $300 and 
$400. The chief did not believe that 
rewinding was necessary; so with our 
own crew the trimmings were removed 
from the machine and at the chief’s di- 
rection the armature was turned until 
a certain side was up. The top half of 
the field was pushed over with screw- 
jacks towards the fly-wheel and as the 
ceiling of the engine room was so low 
that there was no room to use chain- 
blocks, timber was used to block it up 
from the wheel-pit. 

Three of the bands were removed 
from the armature and the commutator 
leads raised from the front end of one 
of the slots. The insulation was found 
to be burned through and the bare wire 
was in contact with the armature core. 
After reinsulating the wires with rub- 
ber tape and shellac and painting with 
asphaltum paint, they were replaced. 

The bands were wound on by hand, as 


it was impossible to run the machine 
on account of the blocking through the 
flywheel, but the job was accomplished 
by soldering each turn as it was drawn 
tight. The field was then pushed back 
in place and bolted, and the brush- 
holder rigging reassembled. Upon 
starting up, the generator ran as well 
as ever and the whole cost of the re- 
pairs did not exceed $10. On being 
asked how he located the trouble so 
quickly, the chief replied that he 
smelled the burned insulation at that 
particular slot in the armature. 

Utica, N. Y. M. M. Brown. 
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Methods Employed for Locating 
Open Circuits 


NE of the most frequent causes 

of delay charged to the electrical 
department are open circuits due to dis- 
connected wires, blown fuses, loose 
connections and the like. There are 
several ways of locating the open cir- 
cuit causing the trouble. Probably the 
most common method is by guessing. 
The trouble man hurries around pulling 
wires, tightening bolts, changing fuses 


and the like, loses a lot of time and 
perhaps finds the trouble only by acci- 
dent. A method often used to deter- 
mine whether a fuse is blown is to 
remove it from its clips and shake it. 
If it rattles it is considered “blown” 
or “open.” 

A more reliable way of locating open 
or blown fuses is to use a magneto. 
However, in this case it is best to have 
the power off the line. This is not 
always convenient. Moreover, the mag- 
neto, since it is heavy and cumbersome, 
is not always at hand when the trouble 
occurs. 

A common method involves the use 
of a test lamp. This is open to the ob- 
jection that if several voltages are in 
use in the plant, it is necessary to carry 
several different lamps; otherwise, if 
a low-voltage lamp is used on a 440- 
volt circuit, it will blow up and may 


Method of using tester for locating 
blown fuses. 


The leads of the tester are placed 
across the fuse clips. If the fuses 
are intact a small lamp within the 
tester lights up. The broken lamp 
shown is not a part of the tester. 


| ` „, ‘g, 2 a 
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injure the person doing the testing. 
Also the lamp socket and lamp are 
often broken, thus adding extra ex- 
pense and causing a delay until another 
lamp is obtained. 

Another method is to use a fuse and 
circuit tester such as made by the Elec- 
tric Tester Mfg. & Sales Corp., Port- 
land, Ore., and shown in the accom- 
panying illustration. This tester is 
small and easily carried in the inspect- 
or’s pocket; hence, it is always at hand. 
It can be used on alternating or di- 
rect-current circuits from 110 to 600 
volts. For voltages lower than 600 
volts, a push button switch shorts out 
some of the resistance in series with 
the lamp. If the push button is acci- 
dentally pushed while the tester is on 
a 600-volt circuit no harm will be done. 
The lamp is enclosed in the tester and 
hence is not readily broken as is the 
case with the open lamp and lamp 
socket. 

Portland, Ore. L. D. JOHNSON. 


Distributing Outgoing Feeders 
From Wire Tower 


N ANY plant which has an extensive 

electrical system, conductors either 
in conduit or in open wiring, passing 
through walls and across the ceilings 
in the various departments often take 
up useful space. When many lines are 
run they have, of course, a more sightly 
appearance if they are arranged as 
neatly and compactly as possible, than 
when loose and much spread out. 
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If large cables are run across the 
ceiling and through walls much space 
is needed for large cleats, strain insu- 
lators, brackets and so on; besides it is 
almost impossible to draw such con- 
ductors tight, and hard to keep them 
that way. Also inside wire must be 
rubber covered and if it is in conduit 
another expense is added, while if the 
conductors were run outside weather- 
proof wire could be used at less ex- 
pense. 

A wire tower erected directly over 
the switchboard, or nearly so, affords 
a neat and inexpensive method of get- 
ting feeders out of the way. Then the 
lines can be carried up the wall into 
the tower and from thence to the vari- 
ous buildings and departments by long 
spans over roofs or through alleys and 
over yards, being supported by strong 
arms bolted to the corners of buildings 
or on iron pipe racks on the roof. This 
scheme does away with carrying a mul- 
tiplicity of conductors through walls 
and when the conductors leading up- 
wards from the switchboard are uni- 
formly spaced from 3 in. to 6 in. apart 
and drawn tightly, they are not an eye- 
sore. Fig. 1 shows the general ar- 
rangement of the conductors leading 
from the switchboard to the tower, as 
well as a view of the wire tower. De- 
tails of the construction of the tower 
are given in Fig. 2. 

White, slow-burning insulated wire 


can be used from the switchboard to 


the tower and there spliced to either 
weather-proof or rubber-covered . wire 
which is used for the outside run. 


18 The lines above the switchboard 
: ; d 1-wire por- 
Fig. 2—Details of wire tower and Fig. 1—Wire tower on roof of 0 ere bolted 18 gine N 
at the right, drilled and slotted large industrial. plant and, be- that they will all be properly spaced 
brackets for supporting porcelain low, method of running feeders and yet quite compact, and should turn 
cleats. from switchboard to tower. in at the top of the board to allow 


head-room for workers behind the 
board later on. Where many lines are 
carried up the wall, brackets can 

used to accommodate one tier in front 
of another with at least 6 in. between. 

If any lines are to be transposed or 
crossed to a certain point, the crossing 
should be done either behind the board 
or up in the wire tower, and not where 
it would be unsightly, as on the wall. 
Iron brackets on the wall look much 
neater than wooden ones, and should 
be painted black or white. 

It is advisable to use a fair-sized 
cleat, such as No. 2 or No. 2% for as 
many conductors as possible before 
changing to other sizes. The brack- 
ets on which the cleats are mounted 
may be either drilled or slotted. De- 
tails of both the slotted and the drilled 
type are given in Fig. 2. 

Up in the tower the wire should be 
carried on an iron rack, provided with 
cross arms and cleats, which straddles 
the opening in the roof. Here the lines 
may be turned in almost any direction 
so that they will emerge at the proper 


Overhangii 
roof to protect 
ırzsulators 


m 
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ences arm and pins fastened to the outside of 

— the tower. As they leave the tower 

„ — from a supporting rack outside, the 
Saas lines should be spaced at least 12 in. 

RETE apart. The small conductors may be 

mame tied to pins; the large conductors 

mmg should be fastened to the arms by 

1 — strain insulators. The tower must, of 
2 22 PIO course, be made strong enough to with- 


Drilled Bracket Slotted Bracket stand any strain imposed by the lines. 
New Britain, Conn. H. S. RICH. 
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Conductors With 
Varnished-Cambric Insulation 
Can Carry More Current 


ECENT observations in the field 

indicate that varnished cambric 
insulated conductors are coming into 
wider and wider use in electrified in- 
dustrial plants of the most progressive 
type. This is because, in part, var- 
nished cambric is not damaged by heat 
as easily as is rubber. As a result, ac- 
cording to the code of the National 
Board of Fire Underwriters, varnished- 
cambric-insulated wires and cables may 
carry approximately 20 per cent more 
current than those insulated with rub- 
ber compound. This means, of course, 
a saving in copper. Usually the next 
smaller size of varnished-cambric- 
insulated wire may be used instead of a 
certain size of rubber-covered. How- 
ever, the varnished cambric may be 
used in sizes smaller than No. 6 only 
by special permission of the Fire Un- 
derwriters. 

The code of The Associated Factory 
Mutual Fire Insurance Company, an or- 
ganization which operates extensively 
in the Eastern part of the country, al- 
lows the larger sizes of varnished- 
cambric-insulated conductors to carry 
upwards of 40 per cent more current 
than is allowed by the National Elec- 
trical Code for rubber-covered con- 
ductors of the same size. This is shown 
in the accompanying table, which gives 
the carrying capacity allowed by the 
National Electrical Code for con- 
ductors with rubber and other classes 
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of insulation, and the corresponding 
carrying capacity allowed by the code 
of The Associated Factory Mutual Fire 
Insurance Company for varnished- 
cambric-insulated conductors. 

There are also other advantages. 
Varnished cambric is not so easily 
damaged by corona as is rubber, so 
that where current is distributed in 
large plants at the primary voltage it 
is preferable, as corona may be pres- 
ent in sufficient amount to damage rub- 
ber even if it is not visible to the eye. 


Of course, varnished cambric is almost 


universally used in power houses for 
the high-voltage, alternating-current, 
single-conductor leads, when paper in- 
sulation is undesirable on account of 
the inductive effect of the lead sheath 
necessary to protect paper against 
moisture. 

This brings up another advantage of 
varnished-cambric insulation, which is, 
that it is reasonably impervious to 
moisture. While conductors insulated 
with this material cannot, as a rule, 
withstand submersion in water for long 
periods, unless sheathed in lead, they 
are not injured by a considerable 
amount of moisture in the air. This 
immunity to harm from a reasonable 
degree of moisture means that extreme 
care and skill are not required in splic- 
ing. Therefore these cables are desir- 
able for use under circumstances where 
expert splicers are not readily secured. 
Of course, for underground sections be- 
tween buildings the cables should be 
covered with a lead sheath. 

New Canaan, Conn. F. A. WESTBROOK. 


Allowable Carrying Capacities of 
Wires With Different Classes of Insulation 


NATIONAL ELECTRIC CopE 


FACTORY 
MurTUAaL CODE 


DIaM. OF 
B&S | Sour Wires AREA IN 
GAGE IN MiILS.“ Circ. MILs. RUBBER OTHER VARN. CLOTH | Varn. CLOTH 
INSULATION, | INSULATION, | INSULATION, | INSULATION, 
AMPERES AMPERES AMPEREB AMPERES 
15 40.3 1,624 8 
16 50 8 2.583 6 aa 
14 64 1 4.107 15 18 
12 80 8 6.530 20 25 
10 101.9 10.380 25 30 
s 128.5 16,510 35 40 
6 162.0 26,250 50 60 50 
5 181.9 33,100 5. 65 1 
4 201.3 41.740 70 85 80 
3 229 4 52.630 80 95 100 
2 257 6 66,370 90 110 120 
1 289 3 83,690 100 120 150 
0 325.0 105,500 125 150 175 
00 364 8 133. 100 150 180 200 
QUU 409 6 167,800 17: 210 250 
; eo 200,000 200 240 275 
0000 460 0 211.600 225 270 bd 
: deg 250.000 250 300 eer 
2 8 Bs 300.000 275 330 375 
are 350,000 300 360 Pea: 
? 100.000 325 390 450 
D asoroy 500,000 400 180 550 
600.000 450 540 630 
700.000 500 600 720 
800.000 550 660 780 
1 900,000 600 720 eae 
HIENA 1,000,000 650 780 900 
1. 100.000 690 830 . 
1.200.000 730 880 1.030 
1.300.000 770 920 Da 
1.400.000 810 970 1.150 
1.500.000 850 1.0200 
1,600,000 800 1.070 1.250 
1.700.000 930 1.120 . 
1,800,000 970 1,160 1,320 
1.900.000 1.010 1.210 or 
2,000,000 1,050 1,260 1,400 


*1 mil=0.001 in 
NO 


TE—Varnished cloth insulated wires smaller than No. 6 may be used only by special permis- 


sion of the Fire Underwriters. 
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Quick Method of 
Synchronizing Generators After 
Excitation Failure 


N THE March issue of INDUSTRIAL 

ENGINEER, page 148, J. H. Gallant 
described under the above heading a 
method of synchronizing generators 
which is quite practicable and has been 
used by the writer on a number of oc- 
casions. In a power station where four 
5000-kva. units were installed excita- 
tion was lost through the flashing-over 
of a single exciter unit which supplied 
the four units. The generators and ex- 
citer were all waterwheel driven. The 
restoration of service was handled as 
follows: (1) The low-tension oil cir- 
cuit breakers on the low-voltage side of 
the step-up transformers were opened. 
(2) The resistance was then cut into the 
exciter field and the exciter breaker 
closed. (3) The generator field 
switches and rheostats as well as the 
main generator oil circuit breakers not 
having been touched, it was only neces- 
sary to bring the exciter voltage up to 
normal. (4) As the exciter voltage 
rose the generator ammeter showed 
when the machine pulled into synchron- 
ism and slight adjustments of the field 
rheostat reduced the cross currents to 
a minimum. (5) Almost simultane- 
ously with the “pulling in” of the gen- 
erators, the step-up transformer break- 
ers were closed and service was 
restored. 

So far as damage to the generators 
is concerned, the final answer to this 
question ‘should be given by the de- 
signer of the unit, but so far as the 
writer was able to observe, no ex- 
cessive currents were indicated on the 
main generator ammeter. 

For the case considered in the writer’s 
experience, the speed regulation of the 
turbines was very good, in fact within 
10 per cent. This particular feature 
would aid considerably in bringing the 
units into synchronism again after they 
had dropped out. 

It was necessary to use this method 
of synchronizing three times within 
a period of six months and so far as 
we could determine from a superficial 
examination of the generators and 
their performance in general for two 
years afterward, there were to be found 
no indications of any permanent trouble 
or defects. 

It may be of interest to note that in 
starting up a large compound steam 
turbine unit made up of one high- 
pressure and two low-pressure units, 
the three oil circuit breakers are first 
closed and a low field current is put on 
the high-pressure unit. Steam is then 
admitted to the high-pressure unit and 
as it begins to rotate, the two low- 
pressure units are brought up to syn- 
chronism as motors. This method of 
starting the unit obviates the necessity 
of synchronizing the combined unit for 
more than one generator. 

Mr. Gallant’s estimate of the time 
saved in putting the seven generators 
into service seems to the writer to be 
very conservative. Under more unfa- 
vorable conditions 30 min. might easily 
be required to do this. 

C. OTTO voN DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 
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Three Additional Comments of Manufacturers on Possible 
Improvements in Bearing Service 


EGINNING on page 264 of the 

June issue of INDUSTRIAL ENGINEER 
representatives of several bearing man- 
ufacturers told under the above head- 
ing, what has been done in the way of 
making improvements in bearing op- 
eration, with some of the practical 
points to consider when installing 
sleeve and anti-friction bearings in 
equipment. Here are three additional 
comments which came in too late to be 
included with the others. 


John Taylor, SKF Industries, Inc., 
New York, N. Y.: As we see the bear- 
ing problem it naturally resolves itself 
into three parts: (1) The selection of 
the proper bearing type and size for 
the work to be done. (2) The installa- 
tion of the bearing so selected in a cor- 
rect manner, which will insure the user 
getting out of it its best performance 
and that measure of satisfaction to 
which fie is entitled. (3) The correct 
treatment of the bearing by the user 
after the installation has been made. 

In each of these headings is a situ- 
ation which, it is evident, requires that 
the bearing manufacturer receive the 
co-operation of the machine builder, 
for selection of the bearing type and 
size must be based on a set of condi- 
tions which are submitted to the ball 
bearing engineer, but which he has no 
part in collecting. With his back- 
ground of experience along similar 
lines and knowledge of previous suc- 
cesses (and failures too), he can from 
the facts given him determine the 
proper bearing type and size to employ. 
He will also adjust his housing design 
to form a harmonious part of the rest 
of the machine, but too frequently his 
work is circumscribed by limitations 
which are a heritage of previous plain 
bearing designs. 

Granted that the right bearing has 


been selected and properly mounted, it 
still remains for the machine user to 
see that it has such attention as will 
insure its standing up to its work. This 
attention, although infrequent, is 
nevertheless essential. The very fact 
that lubrication periods are so far 
apart makes it easier to forget them 
altogether, and just as important as 
seeing that the bearing has an ample 
amount of lubricant within its hous- 
ing, is the duty of seeing that the 
housing is kept clear of moisture and 
foreign material such as dirt or abras- 
ive matter of all kinds. 

If this trinity of essentials, Selec- 
tion, Mounting and Maintenance, are 
all properly allowed for they will re- 
sult in a harmonious whole. 


Mr. Donaldson, Engineer, The Bunt- 
ing Brass and Bronze Co., Toledo, Ohio. 
Of the many types of journal bearings 
brought forth by aid of the dividers 
and the T-square, the sleeve bearing is 
the patriarch and carries its years well. 
In every case where successful service 
has not been obtained the failure can 
be traced to one or more of the causes 
to be specifically mentioned later, and 
is in no way attributable to error in 
the fundamental idea involved in the 
sleeve bearing. 

Mechanics who favor the sleeve bear- 
ing give clear reasons for their faith, 
among them being its ability to take 
punishment with a minimum of dete- 
rioration. Simplicity is another argu- 
ment in its favor. Should necessity in- 
sist the sleeve may, when badly worn, 
be bored out and babbitt metal poured 
in to fit the journal, preventing a 
lengthy shut-down until replacements 
can be obtained. When the new sleeve 
bearings are at hand the makeshift can 
be relieved from duty. Availability is 
another strong argument for the sleeve 


element 
equipment to all driven machines. 


| This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 


through transmitting 7 
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bearing. In machine designing it is 
often necessary to have the rotating 
member enlarged on both sides of the 
portion allowed for the bearing, notably 
in case of a crank shaft. It is rather 
a difficult feat of engineering to use 
any other type of bearing; but the split 
sleeve bearing makes light of this diffi- 
culty. | 

The sleeve bearing properly designed 
and made, properly installed and prop- 
erly lubricated, may be trusted to do 
its duty properly. On these points 
pivot its success or failure. If they 
are attained and maintained the bear- 
ing will last indefinitely. Whether the 
life of the sleeve bearing shall be long 
and smooth or short and turbulent, is 
determined by its progenitor—the me- 
chanical engineer. His is the duty of 
accurately ascertaining the maximum 
load to be carried by the bearing. In- 
cluded in his calculations is the 
amount of freedom to be allowed—the 
difference in diameter between the jour- 
nal and the bore of the sleeve. The 
space he allots should provide room for 
a film of oil sufficiently heavy to sus- 
tain the load put on it by the journal 
without becoming crushed or broken. 
Should this happen the journal and 
sleeve will be in direct rubbing contact, 
friction increases, heat is generated and 
the viscosity of the new oil supplied to 
the bearing is destroyed. The result, if 
a remedy is not applied, will no doubt 
be stoppage of the machine and in ex- 
treme cases twisting off of the shaft. 

There is little to be said about the 
making of a sleeve bearing that is not 
included in the duty of the designer. 
When the bearing is made of cast metal 
the designer determines its composition, 
he establishes the size of bore, number 
and position of oil holes and form of oil 
grooves. The oil holes he indicates on 
that side of the bearing opposite to the 
load-receiving side. He makes the oil 
grooves of generous proportions, but 
few in number. Close to each end of 
the bearing he puts annular grooves. 
The annular grooves prevent the fiow 
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of oil on the journal outside of the 
bearing and have one or more holes 
drilled in the lower side to allow the 
used oil free return to the oil reservoir 
when oiler rings are used. The distrib- 
uting or lateral grooves connect the oil 
- holes with the annular grooves, and it 
90 their mission to convey the oil along 
the bearing, allowing the journal to 
cover itself with a film of oil. 

One style of conveyor groove that has 
given general satisfaction is curved in 
form, the curved groove cutting 
through the center of the oil holes and 
the ends pointing in the direction of 
travel of the journal, allowing the oil, 
as we may say, to run down hill. In 
the case of a rapidly revolving journal 
this design of groove may become an 
oil pump and flood the bearing, in which 
event the curve is reversed. In no in- 
stance should the conveyor grooves ex- 
tend below the center of the bearing,be- 
cause any grooves on the load side of 
the sleeve would tend to disrupt the oil 
film and also lessen the pressure area 
of the load surface. 

Installing a sleeve bearing should 
not be intrusted to the millwright’s ap- 
prentice. To obtain desired results the 
shaft must be straight and the bearings 
in perfect alignment; otherwise the 
load intended for the full area of the 
bearing will be thrust on only a small 
portion of that area. 

The proper lubrication of the bearing 
is the final consideration and, like 
woman’s work, it is never finished—it 
must be continually repeated. Drop 
cups or oiling rings are considered two 
of the best methods of insuring a con- 
stant supply of lubricant. The capil- 
lary attraction of wool as an oil-deliv- 
ering agency is well thought of by 
some lubrication experts. But no mat- 
ter by what method the oil reaches the 
bearing, the vital point is to get it 
there—plenty, but not too much. 


R. Pruger. Power Engineering De- 
partment, Westinghouse Electric & 
Manufacturing Co., East Pittsburgh, 
Pa.: Wherever machinery is found, 
bearings and shafts are essentials; and 
wherever machinery is used, human in- 
telligence must be applied to keep 
things running smoothly. There are 
cases where bearing troubles form a 
large percentage of the yearly repair 
bills, and others where this item is 
rather a small fraction, and sometimes 
the smallest fraction, of the total up- 
keep expense. Why? 

Since such conditions exist, there 
must be an answer. The motor user 
is probably the one most interested in 
finding the right answer to this ques- 
tion, since there are places which not 
only make it difficult to get at the mo- 
tor for repairs, but where a continu- 
ance of production is vital. Yet, it is 
surprising to note the large number of 
bearing failures and the large number 
of motor users who accept such failures 
as a matter of course. There is no 
more reason why motor bearings should 
give trouble due to oil leakage than 
why other defects should be tolerated. 

To accomplish this, it is first of all 
necessary to find out the reason why 
failure occurs. To change over to 
some other type of a not-yet-estab- 
lished reputation is hardly good policy, 
particularly where such a change may 
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involve considerable extra expense. 

I feel sure that ninety-nine out of 
a hundred engineers and operators have 
not seriously made a study of their 
troubles; they hear of something else, 
and at once jump to the conclusion that 
they must change over in order to rem- 
edy their troubles. 

First, there is the matter of oil leak- 
age. This is serious for not only does 
it mean the waste of a large amount 
of lubricant, but, what is worse, it 
means that the escaping lubricant en- 
ters the motor, destroys the windings, 
short circuits the commutator, and cre- 
ates various troubles. In spite of this, 
there are many plants where the oiler 
is instructed to see to it that the hous- 
ings are kept well filled and accord- 
ingly, oil is poured into the bearings 
once or oftener every day. Of course 
the oil level must be maintained—no 
doubt about that—but why not issue 
instructions to make a report of such 
cases, and then find out just why a cer- 
tain bearing needs replenishing of lub- 
ricant so frequently ? 

It has been noticed not infrequently 
that oilers pay little attention to the 
proper oil level; the oil can is used 
freely, and while the stream is flowing, 
attention is not always concentrated 
where it should be—that is, on the 
overflow plug. In one case it was no- 
ticed that the overflow gage, a drilled 
hole on the side of the housing, was 
completely stopped up with dirt and 
sawdust; and bearing was given a gen- 
erous supply of oil until it ran into 
the motor through the clearance in the 
housing bore on the inside end. A 
toothpick applied to these overflow 
gage holes had the effect of creating 
considerable overflow, getting the oil 
level back to where it belonged. In 
another instance oil-hole covers, sup- 
posed to be firmly held down by screws, 
had been loosened to permit of oiling 
through the oil-ring slot in the top of 
the housing instead of making use of 
the proper filling hole which was a 
little slower, of course. Air was thus 
admitted freely to the bearing and the 
suction on the inside end of the hous- 
ing set up by the blower drew air cur- 
rents through the housing, carrying oil 
vapor and streams of oil. 

Bear in mind that one of the prin- 
cipal troubles of oil leakage is the fact 
that the bearing is not held air tight; 
if the air gets in, the oil will get out. 
The “outlet” itself, which is the open- 
ing around the shaft (usually 1/16 in.) 
is not harmful, if the inlet is closed; 
and that means the oil-ring slot, peep 
hole, and other such openings. 

The bearing should have annular 
grooves at the motor end, or better 
still, at each end, and one or two holes 
at the bottom of the groove; this will 
get rid of the oil after it has done its 
work in the bearing, and relieve the 
oil thrower. Also, look to the oil 
thrower, and where it throws the oil, 
and where the oil so thrown off will 
fiow. If it is allowed to get back on 
the shaft beyond the thrower, and thus 
escape, this defect can be easily over- 
come by a little ingenuity. Keep your 
bearings clean; change the oil shortly 
after a new motor has been put into 
operation. Core sand may have been 
missed by the air blast, in which event 
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it will soften, get into the bearing, and 
wear it out. Dust-proof the bearings; 
if you don’t, dirt will get in, and that 
means wear. It is not to be wondered 
at that bearings fail in such places as 
foundries, where the air is cloudy with 
fine sand floating around. 

Don’t put your gear or pulley away 
from the housing, when it might just 
as well be close to it, because the shaft 
deflection will concentrate pressure on 
one end of the bearing, and cause “gall- 
ing” That seems plain, and yet I re- 
call a case where this very thing hap- 
pened; the motor being used to run a 
tight and loose pulley of some machine, 
the tight pulley drive was arranged 
so as to be farthest from the motor 
bearing; result, trouble every few 
weeks. Now, there is another case, 
which may be doubted, but which is a 
fact: In one plant, it was found neces- 
sary to rebabbitt the bearings, and in 
this case the repair shop was located 
some distance from the motor. The 
repair man, in order not to have the 
babbitt cool, superheated the metal, car- 
ried it in the ladle to the motor and 
poured the babbitt around the shaft 
and, to make matters still worse, this 
treatment was accorded a lead-base 
babbitt. 

Rebabbitting, if it must be done, 
should be done correctly; no trouble to 
find out how to do it, but lots of trouble 
if you don’t If you ean not take the 
time to stop the motor long enough to 
take out the bearing for rebabbitting, 
get a spare one. Babbitt metal, par- 
ticularly lead-base babbitt, must be 
handled very carefully at certain tem- 
peratures. You should make allow- 
ance for boring out, and then remem- 
ber to provide for proper running 
clearance, and see to it that the oil 
grooves are cut, and cut correctly; 
they should connect up with the oil-ring 
slot and curve downward, since the 
flow of oil is in that direction. A groove 
along the line of pressure for horizontal 
belt pull is not the best form, since it 
allows the oil to escape when it should 
hold the pressure and form a film. Pro- 
vide amply for a “relieve” to permit 
the oil to get under the shaft in a 
wedge shape; this will reduce bearing 
temperature, since it means a perfect 
film, carrying away the heat. Where 
the load is mostly downward, such a 
relief can be made for an angle of 20 
deg. from the horizontal center line. 
merging gradually into the bore proper. 

All these points are simple ones, ob- 
vious, and if followed will have good 
results. There are motors running 
with such bearings in dirty and dusty 
places, with no attention for months. 
As a matter of fact, I know of some 
cases where oil was put in when start- 
ing up, and no further attention was 
given or required, and that was a year 
ago. 

So don’t be hasty in forming an opin- 
ion of a thing which did not give satis- 
faction at once, until you know the rea- 
son why! And after you have found 
out, then figure out why you cannot 
overcome it if the other fellow can, and 
what it would cost you trying some- 
thing new, of which you know no more 
than what some enthusiast has told 
you. The man who says “it can’t be 
done” of a thing which “has been done,” 
has never really tried to do it. 
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Easily-Made Tool for Trimming 
Slot Insulation 


OR TRIMMING the insulation in 

armature and stator slots we use 
a simple, easily-made tool which has 
given very satisfactory results. As will 
be seen from the accompanying ilfus- 
tration, the tool was made from an old, 
thin file. The temper was drawn and 
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A tool like this, made from an old 
file, will save time in cutting slot 
insulation. 


the file then ground down until it was 
about % in. wide and % in. thick, after 
which it was bent to the form shown. 
The end was then filed to a V-shape 
and beveled to give a sharp cutting 
edge. 

In use, the insulation in the slot is 
trimmed off flush with the iron by 
pushing the sharp edge of the V-shaped 
end along the top of the slot, with the 
paper between the sides of the V. The 
paper is cut smoothly and easily and 
we find that the use of this tool has 
reduced considerably the time required 
to do the job by other methods. 
Peoria, Ill. GEORGE RINGNESS. 


— — 
How to Make Motor-Driven Saw 
for Bench Use 


OR cutting thin steel or brass 
sheets, fibre or insulating mate- 
rials and so on, a large shop has made 
up and uses a number of simple jig 
saws, the details of which are given in 
the illustration. 

The blade holder is a forged steel 
part with hanger and tightener for 
keeping the blade taut. A 12-in. blade 
can be used to advantage, as this is a 
standard length. 

The back of the holder is provided 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 
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with a T-edge as a guide and termi- 
nates at the lower end in a link con- 
nection for the rod which connects it to 
the driving pulley. A slotted bracket 
for supporting the saw vertically above 
the bench has a T-slot in which the 
blade holder moves and thus serves as 
a guide. According to the facilities 
available, brackets may be made of 
cast iron, forged steel or brass. 

A simple strap bracket mounted un- 
der the bench supports on a suitable 
bearing a small pulley fitted with an 
eccentric pivot. A short link or rod on 
the pivot connects the driving pulley to 
the link at the bottom of the blade 
holder. The saw is driven by a 4 or 
%-hp. motor which is also mounted 


‘underneath the bench and belted to the 


saw pulley by a flat belt. 
The rest plate for the work is made 


Details of construction of motor- 
driven jig saw which can be 
mounted on the work-bench. 
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from sheet steel or boiler plate which 
is bent to shape and the saw opening 
made as shown. A drilled hole clears 
the chips, while the narrow slot guides 
the blade. Dimensions are not given in 
the illustration as they are not of par- 
ticular importance and may be varied 
to suit the conditions or materials 


available. 


In operation, the saw blade travels 
up and down at a high rate of speed; 
the work is supported on the rest plate 
and brought in contact with the saw 
which slots or cuts it easily and accur- 
rately. When cutting out intricate de- 
signs, the sheets are marked in outline 
from a master part and can be cut out 
almost as rapidly as they can be fed 
against the blade. 

When a shop has much work of this 
character, this power-driven saw will 
be found to be a very useful tool as it 
will save a great deal of time and 
labor, enabling the workman to do a 
neat and accurate job in much less 
time than would be possible by the use 
of other methods. 

Washington, D. C. G. A. Lures. 
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High-Voltage Test Set for Use 


in the Repair Shop 


RMATURES, after they have been 

rewound, should be subjected to a 
high-voltage test from the copper to 
ground. The voltage used should be 
twice the rated voltage of the apparatus 
plus 1,000. Also, it is sometimes neces- 
sary to apply high voltage to a 
grounded armature so as to locate the 
ground and patch it. The same tests 
are made on field coils, transformers, 
auto-starters, and in fact to almost all 
electrical apparatus that goes through 
the electrical repair shop of an. indus- 
trial plant. 

A test set that is capable of doing 
this work and has the advantage of be- 
ing portable is shown in the accom- 
panying illustration. This set can 
easily be made from materials that are 
at hand in most electrical repair shops. 
A cart for carrying the set was made 
by mounting wheels and a handle on a 
platform, as shown in the illustration. 
The transformer was placed on the 
platform and on the panel attached to 
the transformer were mounted a circuit 


352 


breaker, knife switch, fuses and a plug- 
in block for the high-tension leads. 

The transformer is an ordinary 5-kva, 
distribution, pole-type transformer, 
rated at 2,200 volts on the high-tension 
side and 110 volts on the low-tension 
side. The transformer is laid on its 
side and bolted to the platform of the 
carriage. Since the transformer re- 
ceives only intermittent service, it is 
unnecessary to use transformer oil in it. 
A wooden or asbestos-board panel is 
bolted to the top of the transformer and 
the circuit breaker, knife switches and 
fuses bolted thereon, as shown in the 
illustration. 

The low-tension side of the trans- 
former is connected, as shown in the 
diagram, through a double-pole circuit 
breaker, fuses and knife switches. It is 
connected to a 100-volt, single-phase, 
60-cycle supply. A 110-volt, 60-cycle 
supply would do just as well, although 
the high-tension voltages would then be 
550 volts, 1,100 volts, 1,650 volts and 
2,200 volts. The circuit breaker should 
be set to trip at 20 amp. and 35-amp. 
fuses should be used. 

Special taps have been made to the 
high-tension winding, as is shown in 
the diagram of connections. A tap is 
made in the middle of the high-tension 
winding and at three-quarters way 
through the winding so as to give ap- 
proximately 1,000 volts and 1,500 volts 
respectively. These taps are brought 
to the plug-in block, shown in the illus- 
tration, mounted above the trans- 
former. The high-tension leads can be 
plugged into this block to obtain 500 
volts, 1,000 volts, 1,500 volts or 2,000 
volts. Five hundred volts are obtained 
by plugging into the two middle re- 
ceptacles. The remaining voltages are 
obtained by plugging as indicated in 
the accompanying diagram. 


This high-voltage test set 
can easily be made from 
materials at hand in almost 
any electrical repair shop. 


An ordinary pole-type dis- 
tribution transformer is 
used. Two special taps are 
added to the high-tension 
winding, so that various 
voltages may be obtained. 
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100 volt 60 cycle | 
Single phase supply | 


Overload 
trip - 


Transformer 
ratio sow. 


Plug in blocks 


Four values of high voltage for 
testing can be obtained from this 
high-voltage set. 


Five hundred volts are obtained 
from the two middle blocks. The 
other three voltages are indicated in 
the diagram. 


The high-tension leads are made of 
No. 6 or No. 8 extra-flexible, rubber- 
covered wire. The leads should be 


about 10 ft. long and are placed in a 
good grade of rubber hose to protect 
the wire and to give the increased insu- 
lation required for the high voltage. 
The ends of the hose are taped so as 
to make a neat appearing job. A 
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hook-shaped or spike terminal may be 
used on the testing end of the leads. 
The connection end should have a plug 
terminal to fit the receptacle in the 
plug-in block. E. M. FEHRLIN. 
Diehl Manufacturing Company, 
Elizabeth, N. J. 
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Broken-Down 
Insulation Cause of Trouble 


With Rotor 


ECENTLY we found out what was 

the matter with a 15-hp., 440-volt, 
three-phase, fifty-cycle, squirrel-cage 
motor which drives a foundry sand 
mixer having a capacity of eight 
wheelbarrowfuls. This motor had been 
in operation about two years and had 
always given trouble. When the mixer 
was set up it was given a try-out at 
full load and as the sand was a trifle 
damp it was noticed that the motor hes- 
itated about getting up to speed. 

Later on, dry sand was used and the 
motor still slowed down perceptibly. 
In fact, when the sand was shot out 
of the chute on to the mixing blade the 
motor would almost stop. The trouble 
was slightly relieved by using less 
sand, but for many months this condi- 
tion was tolerated without knowledge 
of the real cause; the wattmeter even 
failed to show any continued overload. 
During the past few weeks the motor 
slowed down more than ever. When 
the load came on it would practically 
stop for about five seconds and then 
slowly speed up to normal. 

The mixer was looked over for tight 
bearings, the starter contact fingers 
were examined, the motor was thor- 
oughly cleaned and its bearings tested, 
new oil was supplied, the winding 
tested for grounds, and the line exam- 
ined for poor connections, but no cause 
for the trouble could be located. 

The winding did not at any time heat 
up above normal and the only apparent 
trouble seemed to be that the horse- 
power was getting less and less, until 
the motor could carry little or no load 
at normal speed. The motor was 
finally taken apart, the winding ex- 
amined for defects and tested for 
grounds, all the coils were closely scru- 
tinized for short-circuits, poor insula- 
tion, loose connections, and so on, but 
no defect was found. 

As this was not a wound rotor it 
did not seem to have any bearing on 
the problem, but after going over the 
other parts of the motor very carefully 
the rotor was rolled over and closely 
examined. It was then seen that about 
twelve slots showed slightly burned 
edges. The insulation covering these 
rotor bars was carefully picked away 
with a fine- pointed tool and many 
holes were found side by side in the 
twelve slots. The spots were not 
caused by the rotor striking the stator 
as the bearings were perfect. Also, as 
the motor was covered by a metal hood, 
it was not possible for a pebble or 
other small object to have got into it. 

These defective slots were blamed 
for the slowing down of the rotor, and 
another motor was installed. The de- 
fective rotor was returned to the man- 
ufacturer and a new one procured; 
from that time on no trouble was ex- 
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perienced, the speed and power being 
satisfactory. Thus the whole trouble 
was caused by the broken-down insu- 
lation in twelve slots of the rotor. 
New Britain, Conn. H. S. RIcw. 
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Easy Method of Making a Handy 
Lead-Faced Hammer 


HE article by G. A. Luers, de- 

scribing a detachable brass head 
for a machinists’ hammer, on page 207 
of the April issue of INDUSTRIAL ENGI- 
NEER reminds me of a very handy ham- 
mer that I have in my set of tools. It 
is made from a tee pipe fitting and a 
piece of %-in. pipe for a handle. The 
interior of the fitting is filled with 
lead and cast iron. 

It is a very simple matter to make a 
mold for pouring the lead into the fit- 
ting so that the faces will project suffi- 
ciently far to prevent the cast iron 
from striking against the delicate part 
that is being struck. ; 

To conserve lead I filled most of the 
space inside of the fitting with pieces 
of cast iron, the lead being poured 

around them. 

A hammer of this kind is very use- 
ful for pounding delicate metal parts 
that would be battered by a steel, iron, 
or even a copper face. 

As soon as the faces wear away sim- 
ply throw the entire hammer into the 
melting pot, melt the lead out and re- 


pour. 
Newark, N. J. N. G. NEAR, 


Improper 
Soldering of Commutator Leads 
Causes Trouble 


' HOSE who rewind or repair arma- 

tures know that more trouble de- 
velops in the commutator than in the 
coils. Of the three troubles commonly 
found in armatures—grounded bars, 
bad mica and poor connections—I feel 
safe in saying that more damage 1s 
done by poor connections than by the 
other troubles. Many times the failure 
.of the winder or repair man to take a 
little more time to do his work thor- 
oughly when rewinding or repairing an 
armature, is the reason why it stays in 
-service for only a short period of time, 
compared to what it would have done 
had he soldered the leads in the com- 
mutator more thoroughly. 

It will often be noticed that there 
are several black bars on a commuta- 
‘tor. In many cases, particularly where 
the machine is lightly loaded, this does 
not cause any trouble except possibly a 
slight sparking. Often, however, this 
condition gradually grows worse even 
if the commutator is turned down fre- 
quently, which should not be done as it 
does not remedy the trouble and causes 
a heavy loss of copper from the com- 
mutator. 

. When a motor or generator is run- 
ning under a fairly heavy load it will 
not function properly unless there is 
good commutation. By “good commu- 
tation” I mean in this case, reversal 
of current with as little opposing re- 
sistance as possible. An improper 
connection, where the leads are sold- 
-ered into the commutator bars, makes 
extra and unnecessary resistance. Cur- 
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rent will not pass through a poor con- 
nection as well as it will through a 
solid one and when it is forced causes 
cheating. 

Armatures usually look as though 
the leads are perfectly soldered because 
there is solder on the front of the riser 
and an abundance on the top. Bear in 
mind that it is usually the bottom leads 
that are neglected. Therefore the good 
appearance of the top and front mean 
nothing. It is possible that there is 
only about e or % in. of solder back 
in the slots because the shoulder has 
been turned off smooth after soldering. 
When the bottom leads have not been 
sweated in trouble often arises be- 
cause the copper tarnishes in the slot 
and offers a high resistance to the 
passage of current. With high resist- 
ance, heat is generated and many 
times a very hot commutator or an ex- 
cessively warm armature may be 
caused by poor connections. It is only 
when the connections become very bad 
that serious trouble results. As a gen- 
eral rule, there will be a blackened bar 
or two where the trouble is and if it 
is not attended to when the commuta- 
tor commences to spark badly, the 
solder may be melted out and a partial 
or perhaps a complete open circuit will 
result. 

The black spots on the commutator 
will occur either on the third or on the 
half, or in just one place, depending on 
the way the armature is connected. On 
an armature of a bi-polar machine, 
there will likely be only one black spot 
as these armatures are connected 1 
and 2. On a four-pole machine there 
will be two spots diametrically oppo- 
site, although there will be trouble at 
only one of them. On a six-pole ma- 
chine there will be three spots on the 
third. This is in case there is only one 
bad connection showing up. When 
more than one is in evidence, the num- 
ber of spots is increased in direct pro- 
portion to the number for one bad con- 
nection. 

The reason that only one of each two 
or three black spots is the seat of the 
trouble is due to the fact that if the 
armature coils are connected for a 
four-pole machine the current must 
pass through two coils before return- 
ing to the bar next to the start. There- 
fore, there are two simultaneous re- 
versals under opposite brushes caus- 
ing two black spots; one where the 
trouble is and the other diametrically 
opposite to it. In the six-pole machine 
the coils are connected on the third and 
therefore the current passes through 
three coils before returning to the bar 
next to the start, causing three revers- 
als simultaneously and also three black 
spots for each poor connection. 

Recently I worked on a large gener- 
ator that had twelve black spots on the 
commutator. As it was a six-pole ma- 
chine, I picked out the four worst spots 
and lifted the leads. After cleaning 
and tinning the leads they were laid 
again and well soldered. This cleared 
the trouble. 

Often the insulating varnish with 
which the armatures are impregnated 
after winding, will soak up in the back 
of the commutator and into the slots, if 
the leads are not soldered well. This 
is a very bad condition and soon de- 
velops trouble. 
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When clearing trouble due to poor 
commutator connections, do not just 
solder over the leads. Take them out 
of the bar and clean them well, also 
cleaning the slot in the bar with a 
hacksaw blade. Tin the leads before 
relaying them. This insures that the 
solder will flow to the bottom of the 
slot. If the commutator is very rough 
the best policy is to turn it off, al- 
though in many instances a sandstone 
or piece of emery stone will grind it 
smooth. It will be noticed that the 
mica between the blackened bars is a 
little higher than the copper. This 
leads many repairmen to believe that 


these particular mica sections are 
harder than the rest. They advise 
under cutting the mica. It must be 


said that this will relieve the sparking 
temporarily or at least lessen it, but 
the real trouble still remains. Where 
the commutator is blackened all around 
it shows that the brushes are not in 
the neutral plane, the machine is over- 
loaded or the mica is too hard to wear 
down with the copper. In the case 
of hard mica, the only way to relieve 
sparking is to undercut the mica or 
else continually grind it smooth with a 
sandstone. Harder carbon brushes 
might also help, but undercutting the 
mica will often be very beneficial. 
When a machine is overloaded, it is 
to be expected that some trouble will 
develop at times. An armature is more 
likely to develop trouble from poor 
connections when it is overloaded or 
loaded to capacity. Good soldering 
means satisfactory service and inas- 
much as an armature winder usually 
does not know under what conditions 
the armature he is winding will work, 
he should make sure that he does a 100 
per cent job of soldering. 
Darby, Pa. GEoRGE WM. HANLON. 


Two Quick Methods of Stripping 
Closed Slot Armatures 


á | ‘HE question sometimes arises as 
to the best and quickest method 
of stripping a closed-slot armature. I 
have found that the best way of doing 
this is to burn off the old insulation in 
the slots and on the coil ends by ap- 
plying a gasoline torch. If a torch is 
not available, wrap an old rag around 
the armature and saturate the rag 
and the winding with kerosene. Then 
take the armature out to an open space 
in the yard and set fire to it. Keep the 
flames away from the commutator as 
much as possible and strip the arma- 
ture while it is still warm. The fire 
will not harm the laminations. 
Another method which gives good 
results is to soak the winding in a 
hot solution of lye or Oakite. For this 
purpose, put a lathe dog on the com- 
mutator end of the shaft and either dip 
the armature until the winding is sub- 
merged, or hang the armature over 
the tank and pour the solution over 
the winding. Keep the commutator 
clear of the solution except where it is 
necessary to remica the commutator, 
in which case the whole armature can 
be submerged. After stripping bake 
the armature to drive out all moisture 
between the laminations, before re- 


winding. 
Detroit, Mich. A. C. RoE. 
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Budgeting Mainte- 
nance Expenses 


(Continued from page 816) 


any over-runs must be justified by 
an explanation. The reasons for 
weaknesses and leaks are thus pointed 
out and rectified. 

Sometimes it is found necessary to 
change the budget and to take care 
of this we have in use a form known 
as a “Request for Budget Change” 
(Fig. 3) which calls for an explan- 
ation as to why a change is neces- 
sary and has to have the approval of 
the general manager before it is 
taken into the records. 

Of course, if there is a radical 
change in the sales or orders re- 
ceived as compared with. our esti- 
mates an entire budget revision is 
necessary; in fact the budgets are 
gone over monthly with such revi- 
sions in view if necessary. 

As an additional curb on the main- 
tenance expenses, and so that we will 
have a complete accounting record of 
such work accomplished and the 
means for a correct allocation of 
charges, it is necessary for the fore- 
man of any department to secure a 
Work Order, shown in Fig. 7 before 
any work is undertaken by the main- 
tenance engineer. Full explanation 
of what is wanted and the reason 
why the work is required has to be 
detailed on this order and the ap- 
proval of the superintendent or fac- 
tory manager secured before the 
work is started except, of course, in 
the case of a breakdown job when, 
naturally, the work is at least started 
without waiting for the paper work 
to be completed. 

On the reverse side of the ac- 
counting department copy of the 
Work Order are posted the details 
of the materials used, taken from the 
stores requisitions covering the 
withdrawal of the items from stores 
and the labor charged to the work, 
posted from the maintenance em- 
plovees’ time tickets. 

These work orders cover both 
maintenance and plant additions; a 
monthly closing is made of any of 
the latter which are completed and 
the totals transferred from Uncom- 
pleted Plant Account to Completed 
Plant Account and allocated to the 
department involved. In the case of 
the maintenance orders the charges 
to all of these are closed out monthly 
and chargd to the particular mainte- 
nance expense account of the depart- 
ment for which the work has been 
done. 
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As the result of two years’ experi- 
ence with a budget system for main- 
tenance and repair work, as we 
handle it, the following advantages 
are apparent: (1) Maintenance and 
repair costs can be closely estimated 
and controlled. (2) An accurate 
record is provided of the quantity 
and quality of the work of the main- 
tenance department. (3) The fore- 
men of the various departments 
have been led, by their desire to 
make a good showing in their de- 
partment, to take a deep interest in 
maintenance work and thus assist 
the maintenance department in many 
ways. An incidental result has been 
the cutting down of power, heat, 
light and other like expenses through 
prevention of waste. (4) Perform- 
ance of unnecessary maintenance or 
repair work is avoided. (5) A defi- 
nite relation is maintained between 
production and maintenance expense. 
(6) Although the budgets are made 
up a year in advance, provision is 
made for increasing or reducing the 
estimated figures as conditions indi- 
cate. 


Coil Insulation 
Troubles 


(Continued from page $87) 


The disadvantage is that when 
applied to coils operating on higher 
voltages where heat is developed in 
service the partial vacuum inside 
the windings prevents the transfer 
of this heat to the outer surface of 
the coils. 

Treatment of Cotton-Covered En- 
ameled Wire.—In this relation it 
must be remembered that we are 
dealing only with plain enameled 
wire coils. While the same practice 
is entirely suited to the treatment 
of cotton-covered enameled wire the 
precautions need not be so carefully 
followed out. The cotton serves as 
a space factor and prevents the con- 
ductors from actually coming in con- 
tact and short circuiting. The only 
danger is that the cotton may be 
pushed to one side, thus leaving the 
enamel on adjacent turns exposed to 
the action of the varnish solvent. 
Again, the fibrous insulation pro- 
vides a greater surface for the en- 
trance of heat and air, thus giving a 
chance for thorough and rapid dry- 
ing of the varnish. Even those var- 
nishes which are not advised for en- 
ameled wire work have been found 
to be quite successful for this kind 
of application because their solvents, 
although slower drying and having 
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higher solvent powers, will remain 
in contact with the wire for an even 
shorter: period than would be ex- 
perienced in the case of the closely 
wound coils in which the plain, un- 
covered enameled wire is used. 

You will observe that throughout 
this article the writer has empha- 
sized the methods of treatment and 
the process of baking as the cure for 
all difficulties that may occur when 
there is no doubt that the proper 
type of insulation has been used. 

Don’t jump at conclusions. When 
trouble arises in connection with the 
insulation of a coil do not blame the 
wire, the tape, or the varnish em- 
ployed in its construction. Follow 
the practice of a good cook. When 
a cake is spoiled she does not lay the 
blame on the brand of flour, eggs, 
baking powder, or other ingredients. 
She is not necessarily a brilliant per- 
son, but common sense has directed 
her to use only those products which 
she knows are right because they 
have been tested by time and experi- 
ence. Hence, she examines first her 
methods of combining the various 
ingredients and observes wherein 
she has departed from that practice 
which previous knowledge tells her 
will always produce good results. If 
her methods are right, the oven next 
comes under her observation and 
she checks up on the temperature 
to make sure that the baking was 
carried out under proper conditions. 
Only as the last resort, when con- 
tinued trouble under ideal circum- 
stances is experienced, does she 
change the source of raw materials 
supply. 

Just so with insulating varnishes. 
Select those materials which have 
stood the test of time and service. 
Keep a careful record of the oven 
conditions and your method of ap- 
Then, should trouble oc- 
cur, check up on all these details and 
observe the departures that have 
been made from those methods 
which previous good results show 
you are the correct ones to use. 

If in spite of all precautions 
trouble still continues, consult your 
source of varnish supply. Having 
specialized in the problems of elec- 
trical insulation he should be in & 
position to render valuable aid. 

The next, and final, article of this 
series will appear in an early issue 
of INDUSTRIAL ENGINEER. It will 
take up in detail the points to be 
considered in the selection of the 
proper insulating varnish for use, 
in view of the conditions under which 
the machine is to be operated. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Lewis-Shepard Company, 588 East 
First Street, Boston 27, Mass.—A 
booklet entitled, “These Twenty-four 
Business Concerns Increased Profits 
$59,565.88 Yearly,” gives a list of 
concerns which have made savings by 
the use of Lewis-Shepard industrial 
lift trucks. For each concern the 
tabulation gives the cost of the 
equipment and the saving which is 
made during a year. 


Machinery Manufacturing 
Company, Minneapolis, Minn.—Bulle- 
tin 833 shows the construction of the 
E-M Junior synchronous motors from 
20 to 100 hp. for direct connection 
to small compressors. This bulletin 
also shows the advantages of the 
synchronous motor and in addition 
gives several pages of discussion to 
its operation. Bulletin 785 is en- 
titled “Some Users of E-M Synchron- 
ous Motors and Vertical Alternators.” 
A special chart indicates some of the 
possibilities of applying synchronous 
motors to equipment in different in- 
dustries. 


Acme Electric Heating Company, De- 
partment I, 1217 Washington Street, 
Boston, Mass.—A 32-page loose-leaf 
catalog illustrates and describes the 
various types of Acme electric heat- 
ing devices for domestic and indus- 
trial use. These include disc and 
late heaters, immersion and circu- 
ation liquid heaters (about sixty 
forms of immersion coils are illus- 
trated by sketches), tube immersion 
heaters, electric steam boilers, vari- 
ous kinds of electric pots and ladles 
for melting sealing wax, metal, glue, 
pitch and other substances, embos- 
sing press heaters, tool heaters, as 
well as laboratory, laundry and 
kitchen electric heating equipment. 
Several pages are also devoted to 
electric radiators, foot warmers and 
to space and cartridge heaters. 


Howell Electric Motor Company, How- 
ell, Mich—A new 16-page booklet 
entitled, “Give Red Bands Your Hard 
Jobs,” describes and illustrates the 
construction of the various types of 
Red Band induction motors. Some of 
the topics discussed are: Frame con- 
struction, windings and stator insu- 
lation, the indestructible rotor, shafts, 
bearings, endplates, slide rails, start- 
ing equipment, starting torque and 
anti-friction bearings. Considerable 
space is given to a description of the 
method of winding the coils in slots 
so as to give heavy and durable slot 
insulation. This is also accompanied 
by a report of the Electrica] Testing 
Laboratories which shows the high 
puncture rating of the double-cotton 
enameled wire used in this winding 
compared with other types of wires. 
Slip-ring motors, vertical motors and 
other special tvpes of motors are also 
illustrated and described. 


Stop Wall Plugs Company, 53 Park 


Place. New York, N. Y.—A folder 
describes the “Stop Plug” which is a 


hollow tube of stiffened fibre used for 
holding screws and hooks securely to 
any wall. A hole is first drilled into 
the wall which may be of stone, ce- 
ment, tile or other material, the stop 
plug is inserted and as the screw is 
inserted into the hollow stop plug it 
expands the fibre to a tight fit in 
the opening. Screws may be removed 
and reinserted. 


Federal Steel Products Company, Inc., 


2-14 Avenue L, Newark, N. J.—Cat- 
alog 2 covers the various sizes and 
prices of Federal safety switches and 
enclosing steel cabinets for electrical 
devices. 


Structural Slate Company, Pen Argyl, 


Pa.—A 90-page book entitled: “Slate 
for Electrical Uses,” revised edition, 
contains the researches concerning 
natural slate made by it and also 
tests performed under the direction 
of the Structural Service Bureau of 
Philadelphia, Pa. Among the sub- 
jects discussed are: The development 
of electrical slate, uses, testing for 
electrical uses, specifications (elec- 
trical and physical), recommended 
mounting practice (with sketches), 
applications (illustrated), and sev- 
eral pages of information and engi- 
neering data. 


Roller-Smith Company, 233 Broadway, 


New York, N. Y.—Bulletin 160 cov- 
ers the Type GSA alternating-cur- 
rent, portable ammeters, voltmeters, 
volt-ammeters, single and polyphase 
wattmeters, frequency meters, power 
factor meters, transformers, multi- 
pliers, Y boxes and other instruments. 


American Fixture Company, 230-232 


West Water Street, Milwaukee, Wis. 
—Supplement catalog 4, shows the 
condulet adjustable electric light fix- 
tures by which adjustable arms are 
fastened to -in. or - in. condulet 
and so do away with exposed wires. 


Union Electric Manufacturing Com- 


pany, Milwaukee, Wis.— Publication 
500 gives the “General Specifications 
of Design” on general purpose, 
drum-type starters and speed regu- 
lators, reversing and non-reversing, 
with accessories for alternating-cur- 
rent motors of wound-rotor or slip- 
ring types. Publication 500-A gives 
the list prices. 


James G. Biddle, 1211-13 Arch Street, 


Philadelphia, Pa.—Pocket Manual 
1060, “Concerning Insulation Testing 
with Special Reference to the Meg” 
is a 48-page book containing up-to- 
date data on the insulation of elec- 
trical apparatus, causes of break- 
down, effects of moisture, surface 
leaks, temperature, etc. It describes 


the “Meg” and “Super-Meg” insula- — 


tion testers (new instruments similar 
to “Megger” testing sets) and gives 
full directions for making “Meg” 
tests on practically all types of elec- 
trical apparatus. The manual is il- 
lustrated with charts and photo- 
graphs. 


Allen-Bradley 
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Becker Brothers, Inc., 23 North Jeffer- 


son Street, Chicago, III. -A chart 
about 18 in. by 22 in., suitable for 
attaching to the wall for easy refer- 
ence, is entitled “Physical Charac- 
teristics and Standard Qualities of 
Carbon, Graphite and Metal 
Brushes.” The chart gives for each 
of the six groups of brushes, the gen- 
eral properties of that group and the 
following information on each grade: 
*Mark, specific resistance, current 
density, co-efficient of friction, contact 
drop, hardness, breaking strength, 
peripheral speed, pressure recom- 
mended and a short recommendation 
for its use. 


The Leather Belting Exchange, 119 


South Fourth Street, Philadelphia, 
Pa.—This organization of belt manu- 
facturers has had reprints made for 
distribution of the three articles by 
Robert W. Drake, Electrical Engi- 
neer, McCormick Works, Interna- 
tional Harvester Company, on “When 
to Use Group and Individual Drives,” 
which appeared in the Feb., Mar. and 
Apr. issues of INDUSTRIAL ENGINEER, 


Grant Gear Works, 151 Pearl Street, 


Boston, Mass.—The new catalog and 
price list eontains an unusually large 
amount of practical information on 
gears and gearings, such as: Draw- 
ing the standard involute tooth, draw- 
ing the spur gear wheel, drawing the 
bevel gear and bevel-gear tooth and a 
special bevel-gear chart as well as 
other necessary information for those 
interested in gearing. 


Company, 491 Clinton 
Street, Milwaukee, Wis.—Bulletin 640 
describes the Allen-Bradley Type 
H-1852, semi-automatic hand-oper- 
ated, resistance starter. Simplicity 
of construction with every part 
readily accessible are some of the 
features claimed for it. Another fea- 
ture claimed is that unless the oper- 
ator starts the motor correctly, the 
contactor switch drops out and so 
protects the motor. 


The Fuerst-Friedman Company, 1251- 


57 West Third Street, Cleveland, 
Ohio—Bulletin 27 lists in 40 pages 
the stock of the Fuerst-Friedman re- 
built, guaranteed motors and other 
electrical 2quipment, such as gener- 
ators, motor-generator sets, plating 
generators, pulleys, rotary convert- 
erts, speed regulators, switches and 
5 as well as blowers and 
ans. 


The Cincinnati Specialty Manufactur- 


ing Company, Inc., 1907-17 Powers 
Street, Cincinnati, Ohio—A folder 
describes the Autex automatic exten- 
sion reel which has a swivel-ioint 
feature permitting the lamp, drill or 
other equipment to be carried in any 
direction and an automatic lock per- 
mitting it to stop at any desired 
point. The insulation and connections 
have been given a test of 1.250 volts. 
although only 250 volts are required 
on lighting circuits by the Underwrit- 
ers Laboratory, Chicago. This reel is 
made in two types provided with 25 
or 50 ft. of extension cord. 


B. A. Wesche Electric Company. Cincin- 


nati, Ohio—A folder describes the 
Wesche Uniframe motors which are 
made in Type H, steel frame. direct- 
current motor and the Type N, squir- 
rel-cage, alternating current motor in 
ratings from % to 50 h.p. These 
motors have the same dimensions as 
to size of base, height from base to 
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center of shaft and top of frame, and 
other overall dimensions for the same 
horsepower and speed rating, which 
facilitates interchangeability of di- 
rect- or alternating-current motors in 
the assembly and connection to mo- 
tor-driven apparatus. 


William Ganschow Company, 1001 West 
Washington Boulevard, Chicago, III. 
—General Catalog 100, entitled 
„Handbook on Gears and Speed 
Transformers” contains over 300 
pages divided into eight sections as 
follows: (1) Speed transformers, 
compound and worm gear speed re- 
ducers; (2) Cut spur gears and pin- 
ions, machine-finished racks; (3) 
Bevel, mitre and internal gears; 
(4) Worm gears and worms, worm 
hobs; (5) Spiral, spiral bevel, auto- 
motive, helical and double-helical 
gears, and miscellaneous machine 
products; (6) Bakelite Micarta pin- 
ions; (7) Rawhide gears and pinions; 
(8) Miscellaneous engineering data. 
Many tables, charts and other in- 
structive material are included. 


Cleveland Crane and Engineering Com- 
pany, Wickliffe, Ohio—Catalog 3 of- 
fers a complete line of Cleveland 
electric tramrails and shows by il- 
lustrations a large number of appli- 
cations of hoists and tramrails in 
practically all kinds of industries. 
Each illustration is accompanied by a 
short description of the application. 
A number of sketches are given 
showing methods of laying out 
switches and track and also devices 
for erecting tramrails. 


Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pa.— 
Literature describes a new line of 

malleable iron, clamp structural pipe 
fittings designed for use with com- 
mon wrought iron or steel pipe in 
the erection of outdoor or indoor 
electrical switching equipment. These 
malleable iron fittings can also be 
used for the construction of a variety 
of other work, such as racks, railings, 
benches or table frames, and with 
less difficulty than is encountered 
when ordinary pipe fittings are used. 


Joslyn Manufacturing and Supply Com- 

. pany, 133 West Washington Street, 
Chicago, Ill.—Literature describes 
the McCollum electric hoists which 
are made in various sizes up to 5- 
ton capacity. These differ from the 
ordinary hoist construction in that 
there are no holding or lowering 
brakes employed. This is accomp- 
lished by means of an arrangement 
of speed reducing gears so mounted 
that they can be rotated only from 
the motor end and the load cannot 
cause the gears to rotate. 


Western Electric Company, Inc., 100 
East Forty-Second Street, New York, 
N. ¥.—The Western Electric “Light- 
ing Manual“ discusses in simple 
terms the fundamentals of electric 
lighting and in addition describes rep- 
resentative systems of lighting avail- 
able as well as offering suggestions 
to assist in selecting and applying 
those most appropriate and useful to 
commercia! and industrial lighting 
systems. 


Earl G. Trent, 1524 Chestnut Street, 
Philadelphia, Pa.—Leaflet T-A 2 de- 
scribes and prices the Trent auto- 
matic control system for continuous 
service which not only indicates the 
temperature on a dial but controls 
the temperature by setting a lever to 
scale. Type 800 and 801 have a 
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maximum range of 1,000 and 1,200 
deg. F., respectively. Other types 
are made for a temperature from 100 
up to 400 deg. This may be used for 
controlling  electrically-heated de- 
vices, gas, steam, oil or air-heated 
appliances, for operating air or fuel 
valves independently or in conjunc- 
tion, or for controlling the ratio of 
air and fuel valves and other uses. 


Unit Costs of 
Lighting Systems 


(Continued from page 332) 


proper standpoint for him to think 
of lighting is in terms of his wage 
account, his payroll. It is not of 
any great consequence whether an 
installation costs $10,000 in a given 
space or $5,000, or $20,000. That is 
investment. The question is, what 
are the results he is going to get 
out of that investment by its use? 

I have in mind one particular 
example where a lighting installa- 
tion cost $6,000 in a portion of a 
building, and without any juggling 
of figures whatever it actually pro- 
duced a 10 per cent saving in a 
$200,000 payroll, or $20,000 per year. 
I have no doubt that those of you 
who are also in the industrial field 
know of similar examples. 

So I think that while we can cater 
to the prejudice of the man who 
must have his actual figures in dol- 
lars and cents, the thing we should 
do is to put the “soft pedal“ on it 
just as far as we can, and present 
to him the lighting cost as a per- 
centage of payroll. Of course, that 
will vary. For example, in the tex- 
tile industry, in the weaving rooms 
where they use automatic looms, one 
operator may tend to twenty looms, 
and let the looms run for a half hour 
after the workmen are gone; the cost 
of light per operative is relatively 
high because every one of the twenty 
looms has to have exactly as good 
illumination as if attended by a 
single operator. 

On the other hand, in many of the 
mechanical operations, as automatic 
screw machinery work in the auto- 
mobile industry, where the oper- 
atives and machines are very close 
together, lighting is a very insig- 
nificant factor of the payroll. 

But when all is said and done, 
lighting is an investment and its 
value is in labor and output and not 
in the cost of its operation. 

JAMES M. KETCH: From the 
strictly commercial standpoint, I be- 
lieve that the lighting problem will 
be simplified if both those who buy 
and those who sell come to think of 
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lighting in the terms of unit cost. 

Those who sell lighting or design 
it, know that the first thing asked 
of them is the cost. The difficulty 
of getting quotations on wiring costs 
and on lamp and reflector costs, will 
be very much simplified by a com- 
plete and comprehensive table worked 
up on the basis of unit costs. 

CHARLES GALLO: Some of us who 
are called upon at times to design 
lighting installations have to give 
some attention to what reflecting 
equipment we shall recommend, and 
Mr. Tuck is to be congratulated on 
having given us at least the begin- 
ning of a method of comparison 
which, when it is properly standard- 
ized, will be easy, plain and simple 
to use. 

Inasmuch as “general illumina- 
tion” and “localized general illumi- 
nation” are terms which do not 
always have the same meaning but 
which when applied under different 
conditions may mean different things, 
it would be well to test these various 
luminaires under identical conditions 
of spacing and of mounting height 
with respect to the working plane. 

Davis H. Tuck: With regard to 
what Mr. Elliott said, one of the ad- 
vantages of this unit system is to get 
the man’s mind off the reflector that 
he is going to buy and to bring his 
mind down to the working plane and 
get him to think about what he is 
going to receive. In using this unit 
cost we say nothing about the re- 
flector equipment or how it is going 
to be installed, what spacings or the 
size of lamp, or anything of that 
sort. We tell him we are going to 
give him a certain number of foot- 
candles on his work, on his machine, 
where his man is working. 

Mr. Gallo seems to think that this 
was a test between competitive re- 
flector equipment. It was not a test 
at all. We went into plants that we 
could get into and got the actual 
installation figures. We had to go 
into plants where we had the co-op- 
eration of the electrical contractor 
who installed the equipment so that 
we could get the cost figures. 

This paper is written with the idea 
of introducing the practicability of 
the term “unit cost” in lighting and 
is not meant to be a comparison be- 
tween the relative merits of various 
reflector equipment. Of course it is 
possible to obtain definite results 
with a wide variety of equipment. 
Under such wide variety of types of 
equipment, however, the unit cost of 
installation and maintenance will 
also vary widely. 
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The Proof of a 


Good Installation Job 


Usually Shows Up in Freedom 
From Operating Troubles When 
Reliable Equipment Is Used 


WANT to take this opportunity 

of thanking those of our readers 
who have offered suggestions and 
contributed subjects for comment on 
this page. Practically every one is 
good and while there are not enough 
issues during the year to make use 
of all your suggestions, you have 
probably noticed that they have been 
developed into leading articles or 
shorter articles that have appeared 
in the practical departments follow- 
ing the two pages of editorials in 
the second half of the paper. 

Mr. Martin A. Diller, of Inter- 
course, Pa., in the following com- 
ment touches on a subject that has 
brought out some interesting infor- 
mation from a number of readers: 
Let's try and stimulate more pic- 
tures for Practical Pete on record 
installations showing long life or 
low maintenance of equipment, mo- 
tors, etc.” Here are two pictures 
from Mr. Benjamin F. Clark, an 
engineer associated with F. L. 
Smidth and Company, New York 
City, that show how troubles charged 
to an old belt drive were cured by 
inexpensive. changes and the trou- 
bles traced to an inefficient installa- 
tion of the belt rather than its use. 

Until the pulley centers were 
shortened and the drive changed as 
shown in the large photograph, on 
June 14, 1908, this drive was cussed 
and discussed on frequent occasions. 
The original belt connection for this 


6d-hp. engine and generator was in- 
stalled in the customary fashion with 
the distance between pulley centers 
16 ft. according to the style of good 


belt drives then in vogue. The op- 
erator continually reported flicker- 
ing of lights in spite of high belt 
tension and large amounts of belt 
dressing, with the pulley faces 
lagged with canvas to prevent belt 
slippage with wide variations in 
load. 

Finally the generator was moved 
closer to the engine and a Lenix type 
of drive installed with pulley cen- 
ters of 6 ft. 6 in. Mr. Clark states 
that since the change was made on 
June 14, 1908, the installation has 
been in daily operation and is still 
going. With the exception of one 
new belt, not one cent has been spent 
on this installation except for lubri- 
cation and no flickering of lights has 
been experienced. 


This is another example of how 
good equipment gets a black eye 
through no fault of its own, but 
through indifferent attention to the 
conditions under which it is forced 
to operate. There are ways and 
ways of doing things, with some 
much better than others, but the 
proof of the best way is freedom 
from operating troubles. 

You probably have in your plant 
some idea that you have worked out 
that proves this point. If so send 
me a photo of the installation and 
details of the operation and the rest 
I will take care of on this page. 


GD CAC 


358 


Achievements 
of Benjamin G. 
Lamme 


Who Died at His Home 
in East Liberty, Penna., 
July 8, 1924 


MONG engineers the world around 
the name of B. G. Lamme is asso- 
ciated with developments in electrical 
engineering from their beginnings. He 
joined the engineering staff of the 
Westinghouse Electric & Manufactur- 
ing Company in 1889 and since 1903 
held the position of chief engineer. Mr. 
Lamme in the early days devoted his 
attention particularly to the perfection 
of railway and industrial motors and 
synchronous converters. His first spec- 
tacular achievement was the designing 
of the generating equipment for the 
World’s Fair in Chicago in 1892. Then 
came the 5,000-hp. generators for Nia- 
gara Falls, the largest built up to that 
time and the generating and motor 
equipment for the first large railway 
electrification project, installed by the 
New York, New Haven and Hartford 
Railroad. During the ’90’s he produced 
the Westinghouse Type C induction mo- 
tor with squirrel-cage rotor and devel- 
oped his advanced ideas on the design 
of synchronous converters, which fur- 
nished the battle ground of much dis- 
cussion and established the background 
of practical fundamentals on which Mr. 
Lamme always based his development 
work and design theories. 

Up to the time of his death he was 
always working on the perfection of 
existing or newly-developed equip- 
ment. His last large job was the de- 
sign of the 62,500-kva. generator in- 
stalled by the Brooklyn Edison Com- 
pany last year. During the past thirty- 
five years more than 150 patents have 
been issued to him individually. 

Mr. Lamme was well known for his 
ability to conceive the practical details 
of design from a mathematical study 
of the desired characteristics of a ma- 
chine. At the very start of his career 
he showed a dislike for the cut-and- 
try methods of design then in vogue 
and began to develop methods for cal- 
culating designs on paper and building 
them from his conclusions. Scarcely six 
months after entering the employ of 
the Westinghouse Company, he calcu- 
lated the electrical design of the dou- 
ble-reduction gear railway motor which 
was put on the market early in 1890. 
This was very similar in design to 
others that were in use at that time, so 
that this first piece of work showed 
litt'e more than an ability to make the 
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calculations of the magnetic circuit 
and determine the saturation curve. 

In the summer of 1890, however, Mr. 
Lamme began work on the design of a 
street car motor with a single gear re- 
duction. This was the forerunner of 
the celebrated Westinghouse No. 3 mo- 
tor which set a standard for street car 
motors that still persists. It was radi- 
cally different from anything that had 
appeared previously, with slotted arma- 
ture, wound coils and a wave winding. 
Its success, when put out early in 1891, 
was instantaneous. 

At this time, he was working on di- 
rect-current arc machines and alternat- 
ing-current generators, making im- 
provements in the latter which in- 
creased their output by 50 per cent. In 
1892, he began work on the induction 
motor and produced the first success- 
ful, distributed-winding motor of this 
type. In 1892. Mr. Westinghouse took 
the contract for lighting the World’s 
Fair. Great polyphase generators had 
to be designed for this purpose and Mr. 
Lamme did the work. He also de- 
signed the synchronous converter, large 
induction motor and other machines 
which were exhibited at the Fair. At 
this time he was designing railway 
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generators whose performance was the 
boast of the Westinghouse Company. 

Then came the Niagara Falls power 
development, for which Mr. Westing- 
house took the contract for the electri- 
cal apparatus. The huge umbrella-type 
generators rated at 5,000 hp. each, 
were calculated to a nicety by Mr. 
Lamme, and the machines were a great 
success. About the year 1895, Mr. 
Lamme conceived the idea that led to 
the development of the type C, induc- 
tion motor with squirrel-cage rotor. 

However, he regarded his work on 
the synchronous converter as one of 
his greatest achievements. For years 
he fought, almost single-handed, the 
battle for the synchronous converter— 
and won out. This is now the accepted 
machinery for converting alternating 
into direct current. 

Then came his conception of the sin- 
gle-phase, alternating-current railway 
system. After several attempts, Mr. 
Lamme succeeded in designing a series, 
commutator-type of motor with suit- 
able characteristics, which he described 
along with the system of power distri- 
bution in his famous paper before the 
American Institute of Electrical Engi- 
neers. 


— — — — 
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The paper created a furore of excite- 
ment all over the world and soon every 
electrical manufacturer was working 
madly on the problems, and a dozen 
types of motors were on the market. 
Mr. Lamme never pinned his faith 
solely to the commutator-type motor, 
although that is the type that has been 
most used. He maintained that one of 
the great advantages of the system lay 
in the fact that several different types 
of equipment could be used, all running 
under the same trolley. 

Mr. Lamme was not a prolific writer, 
but when he did write, the engineering 
world read with profound respect. He 
had the happy faculty of being able to 
put his thoughts on paper so that any- 
one with the rudiments of the subject 
could understand them. He seldom 
wrote mathematical papers, although 
not for lack of ability; he regarded 
mathematics as his tools that were to 
be put away when the work was done. 
Consequently, his papers are in great 
demand and are very widely read. 

The American Institute of Electrical 
Engineers bestowed a high honor on 
Mr. Lamme by electing him one of the 
two members from that body on the 
Naval Consulting Board during the 
War. He was also chairman of the in- 
ventions committee on that Board. In 
1919 he was also awarded the Edison 
Medal by the American Institute of 
Electrical Engineers for his engineer- 
ing achievements. All of these were in 
consequence of his work and ability as 
an engineer. When the Board of Trus- 
tees of Ohio State University awarded 
him the Joseph Sullivant Medal. it was 
a recognition of the value of his engi- 
neering work to the world. 

Mr. Lamme’s greatness as an out- 
standing electrical engineer can best 
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be judged by the eagerness with which 
engineers always sought his opinion 
and discussion. 

B. G. Lamme was born on a farm 
near Springfield, Ohio, January 12, 1864. 
He entered Ohio State University in 
1883 and was graduated in mechanical 
engineering in 1888. 

The following is a list of 161 patents 
issued to B. G. Lamme, covering the 
patent number, subject and date filed. 
As far as the records show, this list 
is complete up to the present. 


No. 488,016—Armature for electric ma- 
chines. Feb. 8, 1892. 

No. 513,401—Electric motor for street 
cars, March 27, 1893. 

No. 518. 693— Controlling switch for elec- 
trie railways. Feb. 25, 1893. 

No. 519. 535 exciting: constant- po- 
tential electric generator, Feb. 20, 1890. 

No. 519,862 —- Method of, and means for, 
5 ‘synchronous motors, April 5, 1893. 

620,965—System of electrical ‘distri- 

50100 March 27, 1893. 

No. 527. 066 Device for protecting sep- 
arately-excited generators, Feb. 28, 1894. 

No. 550,354—Self-exciting, constant-cur- 
AEn a alternator, Aug. 24, 
coils, Sept. 4, 1895. 

No. 559,721—System of electrical distri- 
bution, April 11. 1895. 

No. 561 .593—Dynamo-electric generator, 
Sept. 4, 1895. 

No. 564,702—Alternating-current genera- 
tor, April 30, 1894. 

No. 564,703—Alternating-current genera- 
tor, June 30, 1894. 

No. 565,284—Compound-wound, polyphase 
generator, June 4, 1895. 

No. 571.836—System of a.c. regulation 
and distribution, April 6, 1896. 


for fleld- magnet 


Six well-known machines designed by 
Mr. Lamme. 


A. Single- reduction, four-pole, wave- wound 
railway motor. B. Single-phase, 25-cycle, 
commutator-type motor for New York, New 
Haven and Hartford Railroad. C. Um- 
brella-type, 5,000-hp. generators installed 
at Niagara Falls nearly thirty years ago. 
D. Single-phase. 60-cycle inductioh motor 
developed in 1895. E and F. Two of Mr. 
Lamme's early designs of rotary converters. 


No. 573,009—Direct-current, dynamo-elec- 
tric generator, March 11, 1895. 

No. 12,406—Direct-current, dynamo-elec- 
tric generator. Original No. 573,009, dated 
Dec. 15, 1896. Application for reissue filed 
May 2, 1905. 

No. 574, 035 —- Method of, and means for, 
regulating a.c. generators, March 11. 1896. 

No. 574.914 — Means for adjusting com- 
pound-wound dynamos. Dec. 28. 1893. 

No. 582.131 —Alternating- current regula- 
tion and distribution, March 27. 1893. 

No. 582.132 —-Alternating- current motor. 
Oct. 30, 1895. 

No. 588.279 — Direct - current 
May 8. 1896. 

No. 589.838 — Coil for electric machines 
and method of making same, April 17. 1897. 

No. 589.839 —Armature for electrical gen- 
erators and motors, July 2. 1897. 

No. 599, 940— Non synchronous 
motor. April 30, 1894. 

No. 599,941—-Direct-current electrical ma- 
chine. Original application filed May 8. 
1896. Divided and this application filed 
July 8, 1897. 

No. 599, 942—-Inductor dynamo, July 12. 


897. 

No. 599,948—-System of electrical distri- 
bution, Sept. 18, 1897. 

No. 606, 015—System of 1 1895 distri- 
bution and regulation, Feb. 1898. 

No. 606.560 - Regulation ai rotary-trans- 
former direct-current electromotive force, 
Feb. 10, 1898. 

No. 606.589—System of electrical distri- 
bution, Jan. 28, 1897. 


generator, 


electric 


bution. Original application filed Jan. 28. 
1897. Divided and this application filed 
Dec. 16, 1897. 

No. 609,990—Means for controlling non- 
synchronous a.c. motors, March 11, 1896. 

No. 609,991—Method of. and means for, 
securing constant torque in polyphase mo- 
tors, Feb. 10, 98. 

Bele 610,067—Induction motor, July 22. 
1 

No. 620,333—Direct - current motor and 
method of operating same, Dec. 16, 1897. 

No. 620,334—Direct - current system of 
electrical distribution, Aug. 4, 1898. 

No. 620,335—Method of, and means for, 
varying speed of d.c. motors, Sept. 3, 1898. 

No. 620.336—System of electrical distri- 
bution and regulation, Sept. 28, 1898. 

No. 626,172—-Rotary transformer or syn- 
chronous motor, July 24, 1897. 

No. 633,855—Svstem of electrical distri- 
bution, Jan. 30, 1899. 


(Continued on page 403) 
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Details of Paper-Mill 


Drives and Power Service 


Including the Transformation and Distribution of 
Electric Power Throughout the Mill, Together 
with the Types of Motors and Kinds of Drive 
Used to Connect the Motors to Their Loads and 
the Characteristics of Paper- Mill Loads 


HE PLANT with which I am 

| associated has a connected mo- 
tor load of over 5,000 hp. It 
consists of a 50-ton sulphite-pulp 
mill, a 20-ton ground-wood mill and 
a 40-ton book mill. The sulphite- 
pulp mill employs a chemical process 
for converting wood into wood pulp 


By H. E. STAFFORD 


Electrical Engineer, Provincial Paper Mills, 


Ltd., Port Arthur, Ontario 


for use in making paper. In the 
ground-wood mill, the wood is con- 
verted to wood pulp by actual grind- 
ing of the wood. In the book mill, 


Fig. 1—Power distribution system 
of the Paper Mill shown in the cen- 
ter illustration. 


Power is received at the substation 
shown at the top center of the draw- 
ing at 22,000 volts and is transformed 
to 575 volts and distributed to the vari- 
ous parts of the mill as is shown. The 
illustration at the lower right-hand cor- 
ner shows the type of overhead distribu- 
tion system used. This illustration 
shows the lines leaving the substation. 
The lower left-hand illustration shows 
1 of the Harland drive in the Book 
Mill. 


the wood pulp is converted into book 
paper. 

Outside of the steam plant, which 
supplies steam for cooking and 
bleaching the sulphite pulp and sup- 
plies steam to a turbo-generator 
which furnishes the power for the 
paper-machine drive, the mill is elec- 
trically operated throughout. 

Power is purchased at 22,000 volts 
and stepped down to 575 volts at the 
company’s sub-station. This is done 
by means of two banks of trans- 
formers, connected in parallel. One 
bank consists of three units of 1,250 
kva. each, or a total of 3,750 kva. 
with 6 per cent reactance. This bank 
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is shown in Fig. 5. The other bank 
consists of three units of 350 kva. 
each, or a total of 1,050 kva., having 
2.5 per cent reactance. The addi- 
tional reactance required for parallel 
operation is supplied by three react- 
ances connected in the low voltage 
delta of the 1,050-kva. bank, as is 
shown in Fig. 2. 

The scheme of connection is delta- 
delta and each bank is connected to a 
separate bus, with a bus-tie connec- 
tion between them. There are two 
switchboards and the bus-tie is so 
arranged that either board can be 
fed from either bank. This is an ad- 
ditional precaution for securing con- 
tinuous operation. Fig. 2 shows a 
diagram of the connections between 
the two banks. 

The incoming 22,000-volt line 
passes through an oil circuit 
breaker, protected by three inverse- 
time-limit relays which are con- 
nected through three bushing-type 
current transformers, the trip being 
operated from a 12-volt, direct-cur- 
rent bus. Each bank of transform- 


Fig. 2—This is the connection 
scheme of the transformers, 
switches and buses in the mill sub- 
station. 


Note the external reactance connected 
in the low-tension side of the 1.050-kva. 
bank of transformers so that it can be 
operated in parallel with the other 
bank. By the arrangement of oii 
switches shown, No. 1 bank of trans- 
formers can feed either No. 1 or No. 2 
bus. No. 2 bank of transformers is ar- 
ranged to feed No. 2 bus only or to be 
operated in parallel with No. 1 bank to 
feed both buses. The feeders can be 
supplied from either bus. 
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OF ALL the industries in the 
United States, the paper in- 
dustry ranks sixth in horse- 
power of installed motors 
and in total consumption of 
electrical energy. With more 
than a million horsepower in 
motors, the paper industry is 
consuming more than 2h bil- 
lion kw-hr. per year. Where 
an industry uses such large 
amounts of power, the prob- 
lems that must be considered 
are: The transformation and 
distribution of this power to 
the various motor drives, the 
types and sizes of motors to 
be used, and the manner in 
which the motors are to be 
connected to their loads. In 
this article Mr. Stafford con- 
siders each of these points in 
detail. He also gives some 
very interesting information 
as to the characteristics of 
paper-mill loads. 


ers is operated by an oil circuit 
breaker with a.c. trip. The incom- 


ing line is protected by aluminum- 


cell lightning arresters, as is shown 
in Fig. 2. 

The outgoing feeders from the 
sub-station were standardized by 
using 500,000-circ. mil, rubber-cov- 
ered, stranded cable in 3-in. conduit, 
for all power runs. Where greater 
carrying capacity was necessary, 
two or more circuits of 500,000-circ. 
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mil cable were paralleled. After leav- 
ing the substation the power cables 


` were run on steel brackets, as shown 


in Fig. 4. All connections between 
rubber-covered and weatherproof 
cables were made with Dossert con- 
nectors. At the point of entrance to 
the various buildings, gutter boxes, 
equipped with bus supports, were 
installed and each motor was fed 
from a gutter box through an indi- 
vidual sealed service switch. Fig. 7 
shows one of these layouts. 

Table I shows the departments and 


- subdivisions into which the mill is 


divided and also shows the connected 
load, average load and power factor 
of each subdivision. These data are 
charted in Fig. 3. Power is charged 
to each department on the basis of 
the average consumed. 

Part of the wood for this paper 
mill comes by water and part by rail. 
Practically all the wood is in 8-ft. 
lengths, which have to be sawed into 
4-ft. lengths for the sulphite mill, or 
into 2-ft. lengths for the ground- 
wood mill. The conveyors are ar- 
ranged so that the wood coming by 
water may be either run directly to 


the mill or to the storage yard. The 


conveyor that takes the wood to the 
storage pile in the summer also 
brings it to the mill in the winter. 

The handling of the wood is sea- 
sonal; that is, part of the equip- 
ment is idle in the winter and part 
of it is idle in the summer. For in- 
stance, the slasher mill, No. 1 con- 
veyor, stacker and stacker conveyor 
are idle from November Ist to May 
ist, while the slasher saw and at 
least one of the portable conveyors 
are idle during the summer. 

The average summer load of this 
department is 110 hp. while the »v- 
erage winter load is 42 hp. The 
average power factor is 50 per cent 
lagging. Table II contains a list of 
the motors in this department. 


MOTORS AND DRIVES USED IN A 
SULPHITE-PULP MILL 


The sulphite process consists of 
wood preparation, acid making, cook- 
ing, washing and screening the pulp, 
turning out the excess pulp in laps 
for shipment to other mills, and re- 
claiming the waste screenings into 
laps for building and wrapping pa- 
per. For convenience, this process 
is split into four departments: wood 
preparation, acid making, sulphite 
process and screenings plant. 

In the wood preparation depart- 
ment, the wood is barked in huge 
drums and made into chips of a uni- 
form size for cooking. The chips are 
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screened to eliminate the sawdust 
and conveyed to a chip bin over the 
digesters. The average power used 
in this department is 164 hp., with a 
power factor of 68 per cent lagging. 
Table III shows the motor list. 

In the acid making department, 
raw sulphur is burned and the gas 
thus formed is combined with other 
elements to form H- SO,, or sulphur- 
ous acid. This acid is afterward 
pumped to large storage tanks to be 
used in cooking the pulp. The aver- 
age load of this department equals 
50 hp. at 85 per cent lagging power 
factor. Table IV gives the motor 
list. 

The sulphite-pulp process depart- 
ment includes the cooking, washing, 
screening and manufacture of pulp 
laps. There are two digesters, in 
which the cooking is done, each with 
a capacity of 16 tons of chips. The 
average load on the motors is 460 
hp. with an average power factor of 
85 per cent lagging. Table V shows 
the list of motors. 

In the screenings plant, the 
screenings, slivers, knots and other 
refuse taken from the cellulose are 
refined by means of pebbles revolv- 
ing within a drum, and the product 
thus formed is made into laps for 
shipment to mills making wrapping 
and building papers. The average 
load of this department is 65 hp. at 
85 per cent lagging power factor. 
The motor list is shown in table VI. 


DRIVE APPLICATIONS USED IN A 
GROUND-Woop MILL 


The ground-wood or mechanical- 
pulp mill may be divided into two 
departments: namely, wood prepara- 
tion and ground-wood pulp process. 
The motors required for the prepa- 
ration of the wood are given in 
Table VII, while Table VIII gives 
those for the pulp process. 


Fig. 3—Characteristics of the 


power load in a paper mill. 


In this chart the loads on the different 
feeders running to the various depart- 
ments of the plant are plotted against 
reactive and power components. The 
following characteristics will also be 
of interest: 

Average annual connected load = 4,479 
horsepower. 

Average annual demand = 4,041 hp. 
Average annual load = 2,658 hp. 
Annual power consumption = 17,415,712 
kw.-hr. 

Cost per hp. of average connected 
load = $15.95. 

Cost per hp. of average demand = 
$17.70. 

Cost per hp. of average power = $26.82. 
Cost per kw.-hr. = $0.0049 or practi- 
cally 14 cent. 

Annual load factor = 66 per cent. 
Annual demand factor == 90 per cent. 
Highest peak occurs in July = 5,228 hp. 
Highest load factor occurs in Nov. = 
78.5 per cent. 

Lowest load factor occurs in Mar. = 42 
per cent. 

Highest demand factor occurs in July 
==100 per cent. 
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Table I—Summary of Load in a Paper Mill 


CONNECTED |AVERAGE| POWER TABLE IN 
DEPARTMENT AD Loap |Facror PER-WRICH Morors 
Hp. Hp. CENT LAG ARE LISTED 
I. Wood Handling.......... 247.5 71 50 II 
II. Sulphite Mill 
A. Wood Preparation 335.0 164 68 III 
B. Acid Making. 85.5 50 85 IV 
C. Sulphite Process....... 684.4 460 85 V 
D. Screenings Plant 75.0 65 85 VI 
III. Ground-Wood Mill 
A. Wood Preparation 85.0 tele Ka VII 
B. Ground-wood Process.. 986.5 1290 98 VIII 
IV. Bleach Plant. 357.5 195 80 IX 
V. Book Mill 
A. Clay and Size......... 79.3 30 50 X 
B. Beater Room 285.2 275 85 XI 
C. Machine Room 
1. A. C. Motors...... 827.5 660 100 XII 
2. Harland Drive.... 359.0 D.C XIII 
3. Dry En eee 28.0 D.C XIV 
4. Finishing End 
TES. EE © aan ea 303.8 175 77 XV 
BDC 48.5 D. C XVI 
VI. Steam Plant 142.0 75 65 XVII 
VII. Water Supply........ 750.0 415 65 XVIII 
VIII. Miscellaneous 90.0 70 100 XIX 
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The average load of the entire 
ground-wood mill is 1,290 hp. at 98 
per cent lagging power factor. 
high power factor is due to the syn- 
chronous grinder motor operating at 
an overload and at high excitation. 
This motor is direct connected to 
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two 3-pocket grinders and while of 
ample capacity for a water pressure 
of 50 lbs. per sq. in., is incapable of 
carrying the six pockets at the 
pressure needed to turn out the 
grade of pulp required. The six 
pockets are utilized, however, as 


Table II—Drive Data of the Wood-Handling Department 


Doty 


No. 1 Log conveyor.... 
No. 2 Log conveyor.... 
No. 3 Log conveyor.... 
Portable conveyor 
Portable conveyor 
Slasher mill 


Stacker conveyor 
Slasher saw............ 


2 pd —— pom pand ———— pe 
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DRIVE 


P. 
RATING 


R. P. M. 


All of these motors are three-phase, 550-volt, squirrel-cage (S. C.) induction 


motors. 
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Fig. 4—The feeders to the various 
departments are carried overhead. 


The insulators are mounted on steel 
brackets which are supported on the 
roofs and walls of the buildings in the 
manner illustrated in the two pictures. 
In the illustration at the right is shown 
how the cables are dead-ended. 


two are charged with wood while 
the other four are grinding. The 
motor driving the grinder is shown 
in Fig. 8. 

In the bleach plant, the sulphite 
and ground-wood pulp are further 
treated to make the pulp lighter in 
color. The bleach for the sulphite- 
pulp is chlorine gas, lime and other 
chemicals. That for the ground- 
wood pulp is sulphurous acid. Due 
to the action of these acids and 
gases this department is excep- 
tionally severe on motors. The 
average load is 195 hp. at 80 per 
cent lagging power factor. Table IX 
shows the motor list. 


MOTOR SIZES AND TYPE OF DRIVE 
USED IN BooK MILL 


The present paper mill consists of 
one book machine with a capacity of 
40 tons per 24 hours. This mill is 
divided into the following depart- 
ments: clay and size, beater room, 
machine room and finishing room. 

In the clay and size department, 
all the ingredients that go into a 
sheet of paper, with the exception of 
the pulp itself, are mixed. These in- 


Fig. 5— These transformers step 
the voltage down from 22,000 volts 
to 575 volts for use on the various 
drives throughout the paper mill. 


The transformers are mounted on 
trucks and can be moved out from un- 
der the bus on a removable track which 
is not shown in the picture. The re- 
movable track section fits in the small 
recesses in the concrete shown in the 
lower right-hand corner of the illustra- 
tion. Each transformer is mounted 
over a concrete catch basin which con- 
nects with the sewer, so that in case 
of an emergency the oil may be quickly 
drained. 
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clude the size, clay, alum and color- 
ing. The average load is 30 hp. at 50 
per cent lagging power factor. Most 
of the motors are used intermit- 
tently. Table X shows the list of 
motors. 

In the beater room, all of the in- 
gredients mentioned above, together 
with the various grades of pulp, are 
mixed ready for the paper machine. 
The average load is 275 hp., with a 
power factor of 85 per cent lagging. 
Table XI shows the motor list. 
Part of the power for the machine 
room is a.c. and part d.c. The cur- 
rent for the direct-current motors is 
provided by a 250-volt, 200-kw., 
steam turbo-generator set. The pa- 
per machine is driven by the sec- 
tional Harland drive. The average 
load of the a.c. motors is 660 hp. 
at unity power factor and the list 
and ratings of these motors are 
found in Table XII. 

The d.c. generator and motors 
which make up the Harland drive 
are separately excited from a 
12.5-kw., 125-volt generator. The ex- 
citer and generator are both direct 
connected to the steam turbine 
through a 5% to 1 reduction gear, 
as the speed of the generator and 
exciter is 900 r.p.m. Table XIII 
shows the duty and rating of the 
various sections of the drive. The 
master section of the sectional drive 
is shown in Fig. 6 and the couch sec- 
tion is shown in the lower left-hand 
corner of Fig. 1. 

The dry end of the paper machine 
is equipped with three direct-current 
motors supplied by a motor-gener- 
ator set, mentioned later. The list 


Fig. 6—Sectional paper- machine 
and super-calender drives. 


In the illustration at the left is shown 
the master section of a sectional paper 
drive known as a Harland Drive. The 
illustration at the right shows a super- 
calender drive together with the full 
automatic control for it. 75-hp. 
wound-rotor induction motor drives the 
super-calender. 
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Table III— Drive Data of the Wood-Preparation 


Department of the Sulphite Mill 


No. OF 
MOTORS 


Chipper.............. 
Chip conveyor......... 


Chip screen 

Log conveyor 

Log conveyor.......... 
Basking drum 

Barking drum 

Bark press. 


COo | 


— 


TYPE 


R. P. M. DRIVE 


Hp. 
RATING 


All of the above motors are three-phase, 550-volt, squirrel-cage (S. C.) induction 


motors. 


Table IV—Drive Data of the Acid-Making Department 


No. OF 


Duty MOTORS 


Rock elevator............ 
Sulphur elevator 


*Only used eight hours per week. 


TYPE 


98980 


of the Sulphite Mill 


Hp. 
RATING R. P. NMI. DRIVE 


Direct 

Belt 

Belt 

Worm gear 
Back-geared 


The last two items are used intermittently. 
All of these motors are three-phase, 550-volt, squirrel-cage (S. C.) induction 


motors. 


of these motors is given on page 367 
in Table XIV. 

In the finishing room, the paper is 
super-calendered, cut into various 
sizes and wrapped ready for ship- 
ment. Part of the motors are a.c. 
and part d.c. The average power 
for the a.c. load is 175 hp. at 77 per 
cent power factor. The list of mo- 
tors is shown in Table XV. 

Fig. 6 shows the layout of one 
of the super-calenders. There are 


two of these machines, each operated 
by a 75-hp. wound-rotor, induction 
motor. The control is full automatic, 
with three push button stations for 
each machine. 

The direct-current motors shown 
in Table XIV as well as those in Ta- 
ble XVI are supplied from a 75-kw., 
230-volt, direct-current generator, 
direct connected to a 110-hp. induc- 
tion motor. This set, which is shown 
in Fig. 9, also supplies the excitation 
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for the Jordan motors. The average 
load on the motor-generator is 46 hp. 


Table V—Drive Data of the Sulphite-Pulp Process 


STEAM-PLANT AND WATER-SUPPLY Department of the Sulphite Mill 
MOTORS AND DRIVES ae A S E A E N ER EE E E 


The motors in the steam plant are 


Hp. 
used in handling the coal, refuse, Duty Morors| Type | RATING R. P. M. 
fuel and ashes, and for forced draft 
to the boilers. The list is shown in Digester acid pump 1 S. C. 
Table XVII. The average load on 5 pump i 8 85 
: OWED /f ²³˙·iÜä . 
these motors is 75 hp. at 65 per cent 8 1 8. C. 
lagging power factor. Knot screen 1 S. C. 
The water used in the mill is Freight elevator 1 W. R. 
pumped from a lake through two wa- Wet machines 1 S. C. 
. Flat screens 1 W. R. 
ter systems: namely, a low-head and Thickener 1 8. C. 
a high-head system. The water is Agitator and stuff pump... 1 S. C. 
pumped from the low-head station to Stock regulator 1 S.C. 
ane : : Stock pump 1 S. C. 
2 reservoir in the high-head station, Stock 1 8. C. 
one-third of a mile distant. The 8 7 ! : 8 „ 
: ave-all pump C. irect 
1 ae of the ~ systems = Hydraulic presses 1 „O. Belt 
p.a per cent lagging power Stock agitators 1 „. Belt 
factor. Table XVIII shows the list Sulphite packers 1 . Belt 
of motors. Sulphite agitators 1 . Belt 
Total 9 sae 
MISCELLANEOUS MOTORS AND DRIVE 
APPLICATIONS *110-volt, single-phase, induction motors. 
: > . All other motors are three-phase, 550-volt, induction motors. 
This group is shown in Table XIX. W. R.— wound rotor. 
The synchronous condenser is for S. C.—squirrel-cage. 
power factor correction only, and 
while run continuously, could be dis- Table VI—Drive Data of the Screenings Plant 
pensed with at times, since the power of the Sulphite Mill 


factor of the system as a whole, is 
high. If for any reason, the grinder 
motor or Jordan motors were to be 
shut down, however, the power fac- 
tor would drop, and unless the con- ee ee Se f 

denser was put on the line immedi- C. 1,160 Belt 
ately, the company would be C. 720 Belt 
penalized for low power factor. The ak Om ads 
actual load taken by this machine is 
the magnetizing load which amounts All motors are three-phase, 550-volt, squirrel-cage (S. C.) induction motors. 
to about 50 hp. 


No. OF Hp. 
Morors | TYPE RATING | R. P. M. DRIVE 


The portable air compressor is 
used for blowing out motors and 
keeping up the air pressure on the 
sprinkler system. It is used about 
two days a month. The 15-hp. com- 
pressor is used only for repair and 
construction work. 

The concrete mixer is also for re- 
pair and construction work, and 
since it has not been used for a 
period of eight months, is not worth 
considering as a power load. 

The machine-shop motor is used 
about nine hours a day, seven days 
per week. 

The average load of this group is 
70 hp. at unity power factor. 


Fig. 7—The feeder is carried from 
the overhead line to the gutter box 
inside the building as shown. 


From the gutter box, lines are run to 
the various motors, each line being 
controlled by a fused safety switch. 
The illustration at the right shows the 
control for the 250-hp. synchronous 
motors on the Jordan engines in the 
machine room of the Book Mill. 
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Fig. 8—Eight-hundred-horsepower 
synchronous motor driving two 
3-pocket grinders which grind the 
wood into wood pulp in the ground- 
wood mill. 


In laying out the various motor 
drives that have just been discussed 
there are three important points 
that have to be considered: Service 
or production is the main feature; 
maintenance or upkeep is the sec- 
ond; and last and least important is 
cost. 


FACTORS GOVERNING THE USE OF 
DIRECT DRIVE 


In the paper mills, the forms of 
drive commonly used are direct 
drive, gear drive, chain drive and 
belt drive. All are used, but there 
is a best place for each. 


Table VII—Drive Data of the Wood-Preparation 
Department of the Ground-Wood Mill 


No. or Hp. 
Ratine |R. P. M. 
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Table X— Drive Data of the Clay and Size 
Department of the Book Mill 


No. or Hp. 
Ratine |R. P. M. 


rs d a ͤ ͤ — 1. O — —— — —— — —— ÆWuꝛͤñ/ñnñ! : 


Dury Morors| Type Drive 
Slasher saw............ 1 8.C. 50 720 Belt 
Disc barker............ 1 S. C. 10 600 Direct 
Log conveyor.......... 1 S. C. 10 720 Belt 
Log conveyor.......... 1 S.C. 15 720 Belt 
Otel isles Sarena 4 85 


All of _ Mises motors are three-phase, 550-volt, squirrel-cage (S. C.) induction 
motors. 


Table VIII— Drive Data of Ground-Wood Pulp 
Process of the Ground-Wood Mill 


Dorr Motors] Type DRIVE 
Grinders.............. 1 Sync. 800 240 Direct 
Deckers............... 1 S.C. 15 720 Belt 
Stock pumpe 3 8. C. 15 1,200 Direct 
Pressure pump......... 1 S.C. 20 1,800 Direct 
Rotary bull-screen...... 1 S. C. 3 1,200 Belt 
Flat screens............ 1 W.R. 20 720 Belt 
Exhaust fan........... 1 S. C. 1 1,200 Belt 
Booster pump.......... 1 S. C. 7.5 | 1,800 Direct 
Agitators an 

thickeners........... 1 S.C. i 75 720 Belt 
Tot!!! 11 986.5 


All of these motors are three phase, 550 volt. Syne.—Synchronous motor. 
S. C.—Squirrel-cage induction motor. W.R.—Wound rotor induction motor 


Table IX—Drive Data of the Bleach Plant 


No. or Hp. 
Duty Motors | TYPE RATINO | R. P. M.] Drive 

Liquor pumps 

and agitators........ 1 S.C. 35 1,200 Belt 
Strong liquor pump..... 1 8. C. 7.5 1,800 Direct 
Pumps and washers..... 1 S. C. 75 1,800 Belt 
Bellmers. 4 S. C. 40 720 Belt 
Stock pump........... 1 S. C. 35 1.200 Direct 
Stock pump........... 1 S. C. 25 1.200 Direct 
Agitators and 

thickeners........... 1 W. R. 20 720 Belt 
Tot prai ian 10 357.5 


All of these motors are three phase, 550 volt. 
S. 5 induction motors. 
W. R. Wound rotor induction motor. 


Duty Morors| TYPE Drive 
Sise pump............. 1 S. C. 5 1.200 Direct 
Clay conveyor......... 1 S. C. 5 720 Belt 
Clay pump 1 S. C. 5 720 Belt 
Clay elevator.......... 1 S. C. 7.5 1,200 Direct 
Clay conveyor......... 1 S. C. 15 600 Belt 
Clay crusher 1 S. C. 20 600 Belt 
Clay agita tors. 2 S. C. 7.5 720 Direct 
Freight ele vatoor 1 S. C. 6.8 1.200 Direct 
Tot! 9 79. 3 


All of these motors are three-phase, 550-volt, squirrel-cage (S. C.) motors. 


Table XI— Drive Data of the Beater Room 
in the Book Mill 


No. or Hp. 
Dury : Morors| TYPE Rating | R. P. M. Drive 
Beating engines........ 2 W.R. 125 514 Belt 
Triplex stuff pump..... 1 W. R. 25 720 Belt 
Save-all p umd 1 S. C. 10 1.200 Direct 
Stock regulators........ 2* S. C. 0.1 1,750 Gear | 
Poll! 6 285.2 | 


*110-volt, single-phase motors; the remainder are three-phase, 550-volt motors. 
W.R.—Wound-rotor induction motors. S. C. —Squirrel-eage induction motors. 


Table XII—Drive Data of the Machine Room 
in the Book Mill 


No. OF P. 

Duty Motors! TYPE RATING | R. P. M. Drive 
Jordan engines. 2 Sync. 250 360 Direct 
Constant line.......... 1 W. R. 150 600 It 
White water pump 1 S. C. 35 1.200 Direct 
Hood fan.............. 1 s. C. 15 1,200 Direct 
Paper slitter.......... 1 S. C. 5 1.720 Belt 
Booster pump. 1 S. C. 75 1.800 Direct 
Hytor pump........... 1 S. C. 10 1.800 ireet 
Calender blower 1 S. C. 10 1.200 Direct 
Paper drive blower 1 S. C. 7.5 1,200 Direct 
Broke beater........... 1 S.C. 20 720 Belt 
! 11 827.5 


All of these motors are three phase, 550 volt. 
Sync.—Synchronous motors. 

W. R.—Wound-rotor induction motors. 

S. C.—Squirrel-cage induction motors. 
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By the term direct drive is meant 
that the motor and the equipment it 
drives are connected through a 
coupling, without gears or auxiliary 
apparatus. It has been found more 
economical to drive centrifugal 
pumps by this method, since it not 
only does away with lineshafting and 
belts, but also makes the units inde- 
pendent. 

In pulp and paper mills, it is no 
unusual thing to see from eight to 
ten, and even more motor-driven 
centrifugal pumps in one room. 
Some of these may be in line with 
each other, but more often they are 
installed to suit the piping layout. 
If these were driven from a line- 
shaft, they would necessarily have 


Table XIII—Drive Data of the 
in the Book Mill 


No. or 


Morors| TYPE 


ers... 
Calenders 


eee eee 


All of the above motors have forced ventilation. 
Compound wound. 


Seen 


Fig. 9—This 75-hp. motor-gener- 
ator set supplies the direct-current 
power for the motors in the dry 
end as well as the direct-current 
motors in the finishing end of the 
machine room in the Book Mill. 


to be in line; otherwise, counter- 
shafting would be necessary. Prob- 
ably the most important reason for 
choosing this type of drive is con- 
tinuity of service. If all of the 
pumps in one department were 
driven from a lineshaft by one large 
motor, all operation and production 
would cease if a belt broke or came 
off, or a fuse was blown. With indi- 
vidual units, if one unit shuts down, 
it only ties up the particular machine 
the pump is feeding and consequently 


Harland Drive 


Hp. 
Ratinae |R. P. M. 


Freight elevator 
Super-calenders 
Super-calenders 
Super-calenders 
Motor-generator 

Box mill 
Paper trimmer........ 


585/720 
500/615 
585/720 
585/720 


Reduction gear 
Reduction gear 
Reduction gear 
Reduetion gear 
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does not cause a serious production 
delay. 

Another item to consider, but 
which is not as important as those 
mentioned, is the question of mois- 
ture. Where pumps are delivering 
and pumping to and from stock 
tanks, there is more or less liability 
of the tanks overflowing. Wet pulp 
in contact with a belt increases the 
slippage, and it is a common occur- 
rence to have the belt run off the 
higher-speed pulley and thus inter- 
rupt operations. 

In the case of plunger pumps, di- 
rect drive is not feasible and in most 
cases impossible, since with double- 
and triple-acting pumps, the driven 
pulley is between the pistons. While 
such a pump could be gear driven it 
would increase the cost considerably, 
and for this type of pump, belt 
drive is more economical. 

Aside from centrifugal pumps, 
there are several other types of ma- 
chinery with which the use of direct- 
connected motors is advantageous. 
For instance, where hand barkers 
are used, direct drive gives better 
balance to the barker, saves space, 
shafting and belting. 

In driving fans and blowers, while 
it is not always possible to connect 
them directly to the motor, owing to 
the high rates of speed at which they 
travel, a fan unit takes up less space 
with direct drive than with any 
other type. 

In the case of pulp grinders, ow- 
ing to the (Continued on page 400) 


Table XV—A. C. Motors Used in Finishing End 
of the Book Mill 
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S. C.—Squirrel-cage induction motor. W. R.—Wound-rotor induction motor. 


Table XVI—D. C. Motors Used in Finishing End 
of the Book Mill 


No. or 
Moroks 


Table XIV Drive Data of the Dry End 
in the Book Mill 


Hp 


No. or : 
RATING 


Doty Morors| TYPE R. P. M.] Drive a ae R. P. M.] Drive 


Duty TYPE 


400 /1, 200 Belt 


Paper winder 
1,100 Direct 


Paper hoists Belt 


Belt 
Direct 
Direct 


Rewinder............ 300 /1,200 


450/1,350 


1,100 
1,050 


The above motors are 230-volt, direct-current supplied from a 75-kw. M.G. set. 
Cpd.—Compound wound. 


Sht.—Shunt wound. Motors are 230-volt, d. e. Cpd.—Compound wound. Sht.—Shunt wound. 
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IN THIS ARTICLE Mr. Richards outlines 
methods that are used to control from the 
main office the lubrication and inspection 
of a variety of miscellaneous equipment 
in nine widely separated bakeries, each 
of which would be equivalent to a. mod- 
eratesized factory. That this plan has 
worked satisfactorily here is evidenced by 
the fact that during the more than two 
years of its operation not a single motor 
or machine failure has occurred. Similar 
methods might be applied to moderate- 
sized factories. 


Inspection Routine 
and Methods of 


Controlling 
Industrial 
Lubrication 


Of Miscellaneous Equip- 
ment in Nine Widely 
Separated Factories To- 
gether with a Discussion 
of Proper Lubricants. 


By KEENE RICHARDS 


Industrial Engineer, Grennan Cake Corpo- 
ration, Detroit, Mich. 


HE PROBLEM of correct lu- 
brication of machinery and 
transportation equipment is, 
beyond question, one of the most im- 
portant factors in the successful op- 
eration of present day industry. The 
large plant with its resident engineer 
and local maintenance staff is in the 
best position to properly solve this 
problem. However, when a property 
consists of a number of moderate- 
sized factories scattered over several 
states the difficulties of insuring 
proper lubrication at reasonable ex- 
pense are greatly increased. 

The following method has been in 
use in the widely separated plants 
of the Grennan Cake Corporation, 
located in nine different cities, for 
more than two years and has proven 
to be highly satisfactory. The Engi- 
neering Department is located with 
the general offices in the Detroit fac- 
tory. This department has control 
of technical matters in all plants. 
In addition to the factory equipment, 
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this department is responsible for 
the supervision of the maintenance 
of motor transportation. Machinery 
is in practically every case driven by 
individual motors, the majority of 
which are three-phase. In practically 
every case the machines are equipped 
with either variable speed transmis- 
sions or gear reductions between the 
motor and the equipment. 

This machinery can be classified 
in a general way into the following 
groups: 

(1) Machines for the handling of 
raw materials, such as elevators, con- 
veyors, flour sifters and blenders, and 
sugar grinders. 

(2) Mixing machines. This class 
of machinery consists of beaters for 
the mixing and aerating of batter, 
eggs, icing and other material of a 
more or less liquid nature. Mixers 
for the mixing and rubbing of heavy 
types of dough and special beaters 
for marshmallow. 

(3) Scaling and deposition ma- 
chines for placing dough in pans, 
depositing icing on cakes, cutting 
equipment for the cutting of cake and 
box forming and filling machinery. 
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Fig. 1—-W herever possible these machines 
have been provided with nipples to use in 
connection with Alemite grease guns. 


(4) Ovens. These are of either 
horizontal traveling hearth variety 
similar to a conveyor, or of the ro- 
tary type in which a circular hearth 
travels in the baking chamber. 

The problem of lubrication for 
each of these types of equipment is 
quite different. In the first class the 
conveying equipment offers no par- 
ticular problem. It is lubricated in 
general with grease and the ordinary 
squirt can. In the grinding or chop- 
ping machines and the flour han- 
dling equipment, the principal diffi- 
culty is to keep the raw material, 
such as powdered sugar and flour, 
nuts, or other loose material from 
getting into the bearings. The man- 
ner of doing this varies with the type 
of machine. It is most easily done 
by keeping the bearing flooded with 
oil or keeping it under grease pres- 
sure so that dust from the machine 
will not creep into the bearing. In 
places where the bearings are. so ar- 
ranged that the oil would get into 
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the product, the only solution, aside 
from guards, which are more or less 
ineffectual, is the frequent cleaning 
of the bearings. Powdered sugar is 
very difficult to handle from a lubri- 
cation standpoint as it rapidly cuts 
out bearings and converts the lubri- 
cant into a sticky granular mess. For 
this reason the life of bearings in 
sugar grinders is apt to be short, un- 
less special care is taken in cleaning. 

Mixing machinery presents no par- 
ticular difficulty except the necessary 
provision made by the manufacturer 
of the machine to keep the lubricant 
out of the mixture. The beaters are 
of the vertical type with the motor 
mounted at the rear of the machine 
about 3 ft. above the floor level and 
driving the machine through spur 
gearing and transmission which 
usually allows for three changes in 
speed. This transmission is lubri- 
cated with grease compound, the mo- 
tor, of course, being ring oiled. The 
horizontal type of heavy-duty mixer 
is lubricated either by compression 
grease cups or drip feed oilers and 
as this equipment is comparatively 
slow speed, little or no difficulty is 
experienced with bearings, although 
the stuffing boxes though which the 
main beater shaft passes, occasion- 
ally give trouble and if not taken 
care of properly, will score the shaft. 

Machinery in Class 3 is ordinarily 
of light construction and is lubri- 
cated very easily by means of grease 
gun, grease cup and oil can. Much 
of this machinery is poorly con- 
structed and inadequate provision is 
made for bearing adjustment. The 
illustration at the beginning of this 
article, Fig. 1, a detail of which is 
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also shown in Figs. 2 and 3, shows 
how some of the natural difficulties 
of lubrication due to the construction 
of the machine may be overcome. 
On this scaling machine a cam, 
shown in its lower position, makes 
the oil opening difficult to get at and 
somewhat hazardous if it is oiled 
while the machine is in operation. 
The grease gun connection is raised 
above the cam by means of an ex- 
tension pipe as shown in the detail, 
Fig. 2. This bearing was particu- 
larly difficult to lubricate by ordinary 
methods. 

The principal difficulty experienced 
in lubricating the moving parts of 
ovens, Class 4, is the high tempera- 
ture. This is provided for in the 
character of lubricant used as is 
noted later. Provision is ordinarily 
made in the construction of these 
machines to prevent lubricant get- 
ting into the food product handled. 
Some parts of machines, however, 
which are directly in contact with 
food, must be lubricated. This is 
taken care of by using shortening 
such as lard or hydrogenated cotton 
seed oil compound as a lubricant. 
Whenever equipment is laid up all 
parts which may come in contact 
with the product are coated with 
shortening and the other parts of 


the machine are doped with grease in 


Figs. 2 and 3—These illustrations 
show more closely the lubrication 
of the scaling machine in Fig. 1. 


Because of the cam, as may be seen in 
the illustration at the right, this was a 
difficult place to lubricate. The solu- 
tion was to extend the pipe up from 
the oil hole as shown at the left and 
add a nipple for Alemite lubrication. 
A little thought can often overcome 
many of the difficulties of properly 
lubricating equipment. 


369 


the usual manner. It is important 
that lubricating oil or grease does 
not come in contact with the mate- 
rial in the machine. This is ordi- 
narily prevented in the construction 
of the machine by the use of drip 
rings, felt packing and the placing 
of bearings so that should they leak, 
the oil will not drip into the mixing 
bowl or tank. 


MACHINE AND MOTOR EQUIPMENT 
LUBRICATION ROUTINE 


In each plant one man is made 
directly responsible for the daily lu- 
brication and inspection of all bear- 
ings. After coming on duty in the 
morning this oiler makes a trip 
through the factory with oil can and 
grease gun. If the oiler finds any- 
thing wrong with the machine he 
reports it immediately to the factory 
maintenance man. In the case of 
the smaller plants the oiler and the 
maintenance man are frequently the 
same individual. . Immediate atten- 
tion is given to the trouble and an 
inspection report made out when the 
work is finished. It is assumed that 
an inspection is necessary in order 
to find the defect and that the inspec- 
tion is not complete until the remedy 
has been applied. 

Bearings requiring oil, not pro- 
vided with automatic oiling devices, 
are lubricated with reclaimed engine 
oil. This oil is obtained by filtering 
the oil drained from the crankcases 
of motor vehicles. No attempt is 
made to remove the gasoline from 
this oil as the dilution is not only 
unobjectionable but is actually bene- 
ficial as it reduces the viscosity of 
the otherwise too heavy motor oil 
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to a proper degree for light equip- 
ment. 

Bearings lubricated with oil are 
generally on the Class 3 type of 
equipment and consist of small rocker 
arm shafts, operating infrequently 
and slow rollers on conveyors, light- 
duty cams and light eccentrics. Au- 
tomatic oiling devices in the form of 
self-contained force feed oilers or 
the common drip oiler are provided 
for medium-speed bearings on some 
forms of horizontal mixers. These, 
however, in the more modern ma- 
chines, are being replaced by self- 
contained, forced-feed oiling systems 
which keep the bearings flooded with 
oil. This applies particularly to 
heavy-duty bread mixers. 

Reclaimed oil has been used suc- 
cessfully in electric motors, although 
it is felt that this service is too 
important and the duty required too 
heavy to use reclaimed oil, unless 
it were possible to test each batch 
coming from the filter for viscosity, 
specific gravity and percentage of 
high-volatile oil present. The oil 
wells of electric motors and other 
equipment having ring-oiled bearings 
are inspected for proper oil level and 
condition of rings; medium-body mo- 
tor oil is used in oil wells. 

Slow-speed bearings, rocker arms 
and other miscellaneous points re- 
quiring grease lubrication are 
equipped with nipples and lubricated 
by means of an Alemite grease gun. 
This method has been found much 
superior to the use of the ordinary 
grease cup. Common cup grease is 
used in this equipment. Bearings 
subjected to high temperature, such 
as main drives for traveling and 
rotary ovens, are lubricated with 
graphite grease or a mixture of auto- 
mobile cylinder oil and graphite. 
This grease or oil is mixed to suit 
the particular condition of the indi- 
vidual bearing. Enough graphite is 
mixed with the cup grease so that it 
will remain stiff enough to prevent 
it from flowing from the bearing at 


Fig. 4—Monthly inspections and 
reports are made of all motors and 
sent to the Detroit office. 


Motor inspections are all made by 
competent electricians. Periodic “spot” 
checks of these inspection reports are 
made on various pieces of equipment 
in the individual plants by the indus- 
trial engineer from the Detroit office. 
A record is taken from the office of 
the reported conditions and these are 
checked against the actual conditions 
found. A detailed report is made to 
the president of the company of these 
general plant inspections and the vari- 
ous plant officials have considerable 
rivalry between them on the rating 
which they receive as to the condition 
of their equipment. as found by the in- 
dustrial engineer on his periodic 
check-ups. 
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— eee e TEER Inepected 


Motor No. 1567959 


Fig. 5— Monthly motor inspection 
reports, Fig. 4, are recorded on 
this card. 


When an inspection report is received 
at the Engineering Department in the 
Detroit office from any of the nine 
plants it is entered on the card for that 
machine. In this way it is easy to 
check whether any piece of equipment 
has been overlooked. 


the temperature at which it is to be 
used. Sufficient graphite is mixed 
with cylinder oil to keep the bearing 
well coated with graphite even 
though through inattention or for 
some other cause such as momentar- 
ily increased temperature the oil 
should evaporate or drain out of the 
bearing. It is impossible to give pro- 
portions used as they vary widely 
with each type of bearing. 

In rotary oven drives which are 
subjected to a temperature of about 
400 deg. the grease merely serves as 
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a means of getting the graphite to 
the bearing as the grease itself is 
soon melted out by the high tempera- 
ture. In some cases oil and graphite 
are more effective as in any case the 
graphite is the lubricant. In gen— 
eral, the graphite-grease mixture is 
used on slow-speed, heavy-duty bear- 
ings and the oil-graphite mixture on 
small bearings of slightly higher 
speed. Either mixture may be used 
in the grease gun. In all cases where 
grease guns are used the bearing is 
filled with grease daily. A bearing 
of practically any type which has 
been giving trouble can very often 
be kept in service even though it is 
ordinarily lubricated with oil, by 
screwing in an Alemite grease cup, 
filling the grease gun with oil con- 
taining about 10 per cent of the fin- 
est grade of graphite and then forc- 
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ing this oil through the bearing, 
thoroughly flooding it and washing 
it out. This can be done without 
shutting down the machine and is 
particularly effective where a grease 
bearing has become clogged by the 
introduction of foreign material, 
such as dust, into the grease. 
Transmissions and gears are lubri- 
cated by grease compound similar to 
common, black, steam-engine cylinder 
oil. This compound is marketed as 
Warren Tru-Grease and 600-W. We 
prefer the first mentioned. This 
compound is sticky so that it is im- 
possible for gears to plow a channel 
through the lubricant. In fact this 
grease is so sticky that it can be 
wiped from glass only with great dif- 
ficulty. Gear cases are cleaned out 
twice yearly and thoroughly flushed 
with kerosene. Gasoline is not used, 
due to the fire hazard and because it 
is believed that it strips the metal 
completely of its oil film where kero- 
sene itself has some slight lubri- 
cating properties and does not en- 
tirely destroy the film of lubricant 
on the surface of the metal. This 
grease is not worn out at the end of 
this time but is discarded to insure 
the removal of particles of metal. 
Monthly inspections are made of 
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Fig. 6—A record of all equipment 
is kept in the Detroit office. 


This shows the manufacturer, the date 
purchased, the location and probable 
life. Any extensive repairs, change in 
location or disposition of this equip- 
ment is recorded here. 


all electric motors and reports made 
to the Engineering Department in 
Detroit on the form shown as Fig. 4. 
Upon receipt in the Engineering De- 
partment, this report is checked over 
and its receipt recorded on Fig. 5, 
which is placed in a card file. If 
this record shows a motor has not 
been inspected on time, the superin- 
tendent of the plant affected is noti- 
fied at once. In this way it is im- 
possible for a motor to be overlooked. 
If the motor inspection report shows 
indications of overload or any other 
serious trouble with the motor or 
machine, an investigation is made 
immediately and proper steps taken 
to replace the motor. As an instance, 
a beater driven by a 3-hp. motor 


Figs. 7 and 7A—Motor records are 
kept on 3-in. by 5-in. cards like 
this. 

Practically all information which may 
be required about any motor is main- 
tained in the Engineering Department 
of the Detroit Office on these cards. A 
complete record of repairs or failures 
is entered on the reverse side of the 
card, as shown at the right. 
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had been running satisfactorily for 
about two years with no more than 
the usual inspection. The motor in- 
spection report showed the insulation 
of this motor gave indications of 
overheating. An immediate investi- 
gation was made which showed that 
the character of the product mixed 
in the machine had been so changed 
as to materially increase the load on 
the motor. Immediate steps were 
taken to replace this motor with one 
of proper size. 

All electrical inspections are made 
by a competent electrician. In the 
smaller plants where it is not possi- 
ble to have an electrician as well as 
a machinist or maintenance man, it 
has been found advisable to hire an 
electrician and train him in general 
maintenance work rather than try 
to get outside assistance or train the 
average maintenance man in the 
care of electrical equipment. We 
have found that the average compe- 
tent electrician is generally of higher 
average 
called all-around mechanic or main- 
tenance man found in most plants. 

At this inspection the clearance 
between the rotor and stator is 
measured to insure that bearings are 
not worn down sufficiently to cause 
cutting of insulation by the rotor. 
Oil wells are drained, flushed out, 
refilled and the motor thoroughly 
cleaned and inspected. Any repairs 
to insulation, oil rings, or brushes 
are made at this time. 

In case any changes are made on 
motors, such as replacing leads, 
brushes or anything of that sort, 
this is considered as a special in- 
spection and a report made showing 
the condition found and the condi- 
tion left as in the regular inspection. 
Frequent visits are made to all plants 
by the industrial engineer at which 
time spot checks are made on various 
pieces of equipment in the plant. For 
this purpose a record is taken from 
the office as to the reported conditions 
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which are checked against the actual 
conditions found. These general 
plant inspections are in each case fol- 
lowed by a detailed report to the 
president of the company. There is 
considerable rivalry between plants 
as to the rating which they obtain 
on the condition of their equipment 
as shown by these reports. 

Motors installed vary in size from 
14 to 50 hp.; the large majority of 
motors are, however, 3 and 5 hp. The 
larger motors are used on ammonia 
compressors for refrigerating equip- 
ment and heavy-duty bread mixers. 
We have standardized on General 
Electric or Westinghouse motors and 
do not accept machinery equipped 
with any other make. This has been 
done because it has been necessary 
to standardize on some particular 
make in order to simplify repairs. 
The two manufacturers mentioned 
are in a position to give us quick 
service on repair parts and maintain 
large stocks throughout the country. 
For these reasons we specify their 
equipment. 

The most frequent repairs made to 
motors, and indicated as necessary 
by these inspections, are the cleaning 
of the motor including the air gap, 
cleaning of bearings, reinsulation of 
leads and replacement of bearings. 
Motor failures before this system 
was put in operation were princi- 
pally caused by reduction of air gap 
due to the wearing down of bearings 
caused by dirty oil. The air of a 
factory producing baked goods con- 
tains a large amount of flour and 
sugar dust, which materially shorten 
the life of high-speed bearings. 
Proper oiling, cleaning and inspec- 
tion entirely eliminate this hazard. 
It is interesting to note in this con- 
nection that with these regular in- 
spections there has not been a single 
motor failure in nine plants, over a 
period of two years, since this system 
was put into effect. Previous to that 
time, motor failures were frequent. 


COMPREHENSIVE RECORDS ARE KEPT 
OF ALL EQUIPMENT 


In the office of the Engineering 
Department at Detroit a card file, 
Figs, 6, 7 and 7a, is maintained 
which records complete data on each 
electric motor, machine and automo- 
bile owned by the company. These 
cards show the date of purchase, lo- 
cation, size, manufacturer’s and com- 


Fig. 8—Motor cars of the various 
plants are also inspected monthly 
and their condition reported on this 
blank form. 
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pany’s number and other informa- 
tion. Any extensive repairs or fail- 
ures are recorded on the back. 

These records enable the Engi- 
neering Department to intelligently 
recommend the purchase of new 
equipment, to determine the useful 
life of machinery, and to draw con- 
clusions as to comparative operating 
conditions in different plants. Indi- 
rectly they serve as a check on the 
quality of maintenance work done in 
various factories. 

Motor car lubrication is handled 
in a similar manner. Cars are oiled 
and greased each night by a compe- 
tent oiler. Crankcases are drained 
at the end of each 500 miles, the oil 
reclaimed by means of a filter and 
issued for factory lubrication. The 
crankcase is not washed out with 
kerosene, as the use of kerosene is 
decidedly detrimental in that it 
breaks down the oil film established 
on the metal of bearings and cylinder 
walls. The same type of compound is 
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used in rear axles and transmissions 
as is used in transmissions of ma- 
chinery in the factory. Each thirty 
days a complete inspection is made of 
each car and a report sent to the 
Engineering Department at the main 
office on the form shown as Fig. 8. 


SIMPLE LABORATORY CONTROL OF 
LUBRICATION PURCHASES 


All lubricating oil and grease is 
purchased on specification. Analyses 
are made from time to time to see 
that the quality specified is secured. 

This analysis also serves as a 
check on operating conditions in the 
factory and in the case of any diff- 
culty with automobile lubrication 
serves to determine whether crank- 
case oil is being changed frequently 
enough. In case of trouble with lu- 
brication of any bearings, whether 
on motor vehicle or factory machine, 
a sample of the oil from the bearing, 
accompanied by a fresh sample of the 
oil used (Continued on page 401) 
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IN THIS ARTICLE Mr. Roe not only 
gives the methods of testing hand- 
wound armatures but also gives the 
order in which the tests should be 
conducted so that the various faults 
and defects may be easily located and 
quickly eliminated at the time they 
are most likely to occur. The tests 


described require the use of very lit- 
tle testing apparatus, all of which is 
available in the electric repair shop. 


Some Practical Pointers 
on the Methods of 


Testing Out Armatures 
During Rewinding 


Together with Ways to Locate Shorts and Grounds 
in Armatures and Commutators Including Methods 
of Finding Reversed Leads and Shorts Between 
Coil Turns, Between Top and Bottom Coil Halves 


and Between Leads 


By A. C. ROE 


Repair Superintendent, Detroit Service 
Dept., Westinghouse Electric & 
Manufacturing Co. 


N HAND-WOUND armatures 
() the wire is wound directly 

from the wire reel into the 
slots of the armature. Hand-wound 
armatures are used in fractional- 
horsepower motors such as fans, 
small drills, grinders, starting and 
lighting units, domestic-appliance 
motors and the like. In rewinding 
all types of hand-wound armatures 


there are a number of defects that 
can occur, such as grounds, reversed 
leads, open circuits, and short cir- 
cuits between bars, between leads, be- 
tween turns, between top and bottom 
coils and between coil ends. This last 
type of short circuit cuts out groups 
of coils. 

In order to detect any of these de- 
fects while winding an armature as 
soon as possible after the defect oc- 
curs, it is well to have a procedure of 
testing that will perform this func- 
tion. The following method of test- 


1. After 


Here is an arrangement of a test 
bench for armature testing. 


The millivoltmeter ts mounted on an 
upright wood panel, the test light is a 
little behind and to one side of it, and 
ne growler is directly in front of the 
tester. 


ing armatures is recommended for 

use in repair shops rewinding the 

average range of smal] armatures: 

the armature has been 
stripped and before winding, test 
the commutators for grounds and 

shorts. ° 

Wind and wedge the armature. 

Test for grounds and shorts, using 

a growler to locate them. 

4. Connect the armature and then be- 
fore soldering leads to the commu- 
tator, make a bar-to-bar test using 
a voltmeter. 

5. Solder leads, dip and bake, and 
turn commutator. 

6. Give the armature a final bar-to- 
bar test. 


The reason that a bar-to-bar test 
is recommended after connecting 
and before soldering the leads, is 
that shorts between leads, as well as 
reversed and crossed leads occur at 
this stage, and it is easier to raise 
the leads to locate and remedy the de- 
fects when the leads are not soldered. 
The reason for the test after finish- 
ing the armature is that when solder- 
ing and turning the commutator 
particles of solder may run down be- 
tween the bars at the back of the 
commutator, thus shorting the bars, 
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or in turning the commutator the 
tool may drag small particles of cop- 
per across the mica which also 
shorts the bars. 

The first step after the armature 
has been stripped, and before wind- 
ing, is to test the commutator for 
grounds and shorts. To test the 
commutator for grounds a piece of 
bare copper wire is wound around 
the complete commutator, making 
sure that the wire touches all bars. 
Apply one test lead to the shaft or 
core and the other to the wire around 
thecommutator, as shown at A, Fig. 2. 
For armatures up to and including 
½% hp., a test to ground of 900 volts, 
alternating current for one minute 
is sufficient. For armatures above 
this size, use twice the line voltage 
plus 1,000 volts for the test to 
ground; that is, for 100- to 150-volt 
armatures the test voltage is 1,200 
volts; for 250- to 275-volt armatures 
the test voltage is 1,500 volts; for 
400- to 450-volt armatures, use 2,000 
volts. This test should be applied 
for one minute. 

The next step is to test and clear 
the commutator of shorted bars. This 
is done with a 110-volt test lamp, put- 
ting the leads of the test lamp on 
adjacent bars as at B, in Fig. 2. 
The carbonized mica will glow or 
sputter depending upon the resist- 
ance of the shorts; in some cases of 
dead short, the test light will come up 
to full brilliancy. Most short circuits 
between bars can be cleared by dig- 
ging out the dirt and carbonized 
mica with a knife or ground hack- 
saw blade. The hole should then be 
filled with a good commutator ce- 
ment. A good cement can be made 
from plaster of paris and shellac. 
These two ingredients should be 
mixed together into a thick paste, 
which can be used to fill the hole in 
the commutator. Where there are a 
number of bad spots it will be found 
more satisfactory to put in all new 
mica segments or in the smaller 
sizes of motors, to supply a complete 
new commutator. The important 
thing is to be absolutely sure that 
the commutator is free from 
all defects before starting to wind. 

In rewinding hand-wound arma- 
tures, a variety of cores and sizes 
are received. The condition of the 
cores varies: some cores are well in- 
sulated and others are hard to insu- 
late properly. On some cores the 
slot or end room is scarce and con- 
siderable pounding is required to get 
the wire into place. When fine wire 
is used, there is a chance of its 
breaking: therefore. a 110-volt test 
lamp should be provided at the wind- 
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Fig. 1—How to locate grounded lead 
in straight loop winding, before 
connecting leads in commutator. 


After cutting open the loop A B, if the 
test light glows with test lead on S, the 
ground is in section 8 to B. If light 
remains dark move test lead to A, C, 
and E, consecutively, cutting open loops 
about four slots ahead so as to sec- 
tionalize winding until grounded sec- 
tion of winding is found, as at E. 


er’s bench or winding machine so 
that the winder can test each coil as 
he finishes it, thus detecting grounds 
or opens before passing the defect. 
If the armature shows a ground, 
after winding and wedging and be- 
fore connecting the leads to the com- 
mutator, the following procedure 
should be used for locating the 
grounded coils. There are two cases: 
one is the straight loop winding in 
which the wire is not cut from the 
start to the finish of the winding, 
and in the other case, each slot has a 
number of leads projecting from it, 
half of these leads being top or fin- 


Fig. 2—To test a commutator for 
grounds, wrap a bare copper wire 
completely around it, making sure 
that the wire touches all bars. 


This test is shown at A. Apply one 
test lead of the testing transformer to 
the shaft or core and the other to the 
wire around the commutator. At B is 
shown the method of testing a commu- 
tator for shorts between bars. This is 
done by putting a 110-volt test light in 
series with one lead from the power 
supply and applying the leads to adja- 
cent commutator bars. f the bars are 
shorted the light will glow. 
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ishing leads, the others being bot- 
tom or starting leads. 

In the case of the straight loop 
winding, the set-up shown in Fig. 1, 
should be used to locate the grounds. 
One test lead is fastened to the core 
or shaft and the other test lead is 
touched to one end of the winding 
as at S in Fig. 1. Then a loop about 
four slots away is cut open as at B. 
If the ground is in the section be- 
tween S and B, the test lamp will not 
go out. If the ground is in the other 
section of the winding, the circuit 
will be broken and the light will go 
out. In this case, touch the test 
lead to A, cut open a loop four slots 
away, as at D. Repeat until the 
ground is located in a section of four 
coils, then starting with the first coil 
of this section, cut open the loops 
until the grounded coil is found. In 
Fig. 1, coil 6 is the grounded coil 
After locating this coil, the remain- 
der of the loop winding should be 
tested to make sure that there is 
only one defective coil. 

In the other case referred to, each 
slot has a number of leads projecting 
from it, half of them being top or 
finishing leads, the other half being 
bottom or starting leads. The first 
step is to separate the top leads and 
bend them back, toward, but not 
touching the core. The bottom lead 
should be pulled out straight and 
about 14 in. of the insulation should 
be removed from the end of each 
lead. Then tie the leads together 
into separate bunches by pieces of 
bare copper wire and apply high 
voltage between each of these 
bunches and ground. One of these 
bunches of wire will show a ground. 
Remove the tie wire from the bunch 
that shows a ground and test each 
lead separately with a test lamp, one 
lead of which is on ground, until the 
grounded coil is found. 

If the winding is tested for 


grounds after wedging and before 
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connecting to the commutator, the 
finished armature should be clear 
from grounds. However, if the wind- 
ing shows a ground after connecting 
the leads to the commutator, the fol- 
lowing method will locate the defect. 

The set-up for this test is shown 
in Fig. 4. The test line with a lamp 
bank in series with it is connected 
to bars directly opposite, as at 1 and 
10. With a millivoltmeter on two 
adjacent bars at 2 and 3 adjust the 
lamp bank until approximately one- 
quarter scale reading is obtained on 
the meter. Then remove the milli- 
voltmeter leads from bars 2 and 3 
and connect one lead to the core as 
shown. With the other lead touch 
the commutator at a point midway 
between the two line leads, as bar 
4. Make this connection lightly and 
quickly, watching the meter scale. If 
the pointer of the meter goes off the 
scale try bar 5, bar 6, etc. If this 
does not bring the pointer down on 
the scale, try bars on the opposite 
side of bar 4. The reason for the high 
reading when the meter leads are 
touched to bar 4 is as follows: Coils 
1,2,3,4,5,6,7,8 and part of 9 are 
in series to ground; hence the meter 
measures the drop across the series 
of coils between bar 4 and ground. 
When the meter lead is moved to bar 
5, as at C, the drop is reduced by one 
coil. As the lead is moved toward the 
bar to which the grounded coil con- 
nects, the meter readings will become 
lower until bar 9 is touched. This will 
give the lowest reading. If bar 10 is 
touched the reading will become 
larger. Decreasing readings indicate 
that the grounded coil is being ap- 
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Fig. 3—Case of reversed leads that 
will not show up with the drop-of- 
potential or millivoltmeter test. 


In diagram A is shown the connections 
for the ordinary millivoltmeter test. 
Current goes in commutator at Li and 


out at La. The current goes in the same 
direction through all the coils except 
coil 2. With the millivoltmeter across 
bars 1 and 2 as shown in diagram B a 
deflection will be obtained. With the 
millivoltmeter across bars 2 and 3 as 
shown in diagram C, a deflection in the 
same direction will be obtained. Al- 
though the current through the coil is 
reversed, the millivoltmeter reads the 
same as in the case of coil 1 because it 
merely measures the drop of potential 
across the coil and not the current 
passing through it. The correct way 
to locate reversed leads is by the use 
of a compass as explained in the text. 


proached while increasing readings 
denote that we are working away 
from the defective coil. 

After locating the grounded coil 
in the manner just described, test it 
by disconnecting from the commu- 
tator the top lead of the grounded 


Fig. 4—Locating a ground by using 
a lamp bank and a millivoltmeter. 


The millivoltmeter is first placed across 
two adjacent bars, as bars 2 and 3, and 
the lamp bank adjusted so as to permit 
current enough to pass through the 
winding to give a quarter-scale deflec- 
tion on the millivoltmeter. One lead 
of the millivoltmeter is then grounded 
to the core as shown and the other 
test lead is successively connected 
to commutator bars 4, 5. 6, etc., as at 
B, C. D, respectively. As the bar to 
which the grounded coil is connected 
is approached the millivoltmeter read- 
ings will decrease and as we work 
away from the grounded coil the read- 
ings will increase. The lowest reading 
indicates the bar to which the grounded 
coil is connected. 
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coil and a lead on each side of this 
lead. Test the coil to ground and also 
the other section of the winding to 
make sure that all grounds have 
been located. A telephone receiver 
can be used in the test described, in 


place of the millivoltmeter. A loud 
noise in the telephone receiver corre- 
sponds to a high meter reading. 
Reversed or crossed leads often 
occur while connecting the leads to 
the commutator; hence these de- 
fects should be located before solder- 
ing the commutator connections. 
There are two cases of reversed 
leads: In one case a voltmeter will 
show up the fault; in the other case 
it will not. In diagrams A, B and C 
of Fig. 3 is shown a reversed coil or 
a case in which the top and bottom 
leads have been interchanged. In 
diagram A, the flow of current from 
the test leads L: and L: is from left 
to right through all the coils except 
coil 2, over which the arrow is shown 
reversed. The only way in which 
this type of reversed lead can be de- 
tected is by means of a compass. 
Inspection of diagrams B and C, 
Fig. 3, will show that a voltmeter or 
telephone receiver will not locate this 
fault. Using a millivoltmeter in the 
bar-to-bar test, as in diagram B of 
Fig. 3, place the millivoltmeter leads 
on bars 1 and 2. This measures the 
drop over one coil, the direction of 
the flow of current being indicated 
by the arrow through the meter in 
the diagram. With the millivolt- 
meter leads on bars 2 and 3 as shown 
in diagram C, the drop over coil 2 is 
measured. In this case, the current 
through coil 2 is reversed, but the 
flow through the meter remains the 
same; therefore, there is no indica- 
tion of trouble. If an armature with 
a coil in this condition were put in a 
motor frame and run, the coil would 
cause sparking every time it passed 
from under the brush. The correct 
way to locate this kind of a defect is 
to place a compass over the armature 
slot while direct current is being 
passed through the windings. The 
armature should be revolved slowly 
and as the slot having the defective 
coil passes under the compass, the 
compass needle will reverse. This 
trouble can be caused by the winder 
putting on the wrong colored sleeve 
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on the start and finish of one coil; 
that is, by interchanging colors. 

Another case of reversed coil or 
crossed leads occurs in loop windings 
and is caused by putting the wrong 
colored sleeves on two loops. This 
case is shown in diagrams A, B, C 
and D of Fig. 6. In diagram A, the 
bottom lead of coil 1 and the top lead 
of coil 2 have been connected to bar 
3, and the bottom lead of coil 2 and 
top lead of coil 3 have been connected 
to bar 2. This reverses coil 2 as is 
shown by the arrows over each coil. 
When making a bar-to-bar test with 
the millivoltmeter leads on bars x 
and 1, the drop over one coil (coil x) 
will be obtained. Call this a normal 
reading. When the meter leads are 
put on bars 1 and 2, a reading that 
is twice normal will be obtained, but 
the pointer will point in the same di- 
rection. Diagram B shows the rea- 
son for this double reading. The top 
lead of coil 1 connects to bar 1, and 
its bottom lead to bar 8; the top lead 
of coil 2 also connects to bar 8, and 
the bottom lead of coil 2 is connected 
to bar 2. Hence, coils 1 and 2 are in 
series between bars 1 and 2. When 
the millivoltmeter leads are placed 
on bars 2 and $ as in diagram C, 
the drop of one coil (coil 2) is meas- 
ured and a normal reading is ob- 
tained, but the pointer points in the 
opposite direction. The reason for 
the reversed reading is that the lead 
of coil 1 makes bar 3 positive, just 
as if Li were directly attached to bar 
8. When the millivoltmeter leads are 
put on bars 3 and 4, as in diagram 
D, a reading of twice the normal 
amount and in the correct direction 
will be obtained. This is because 
coils 2 and 3 are in series between 
bars 3$ and 4. Hence, when making a 
bar-to-bar test, this type of defect 
is indicated by obtaining the follow- 
ing sequence of readings: first a 
double reading, then a normal but 
reversed reading and finally, a dou- 
ble reading in the proper direction. 
A telephone receiver would give a 
high, followed by a low, and finally a 
high sound. The meter is more ac- 
curate, however, as it gives one more 
indication; that is, the direction of 
the current flow. 

The remaining types of defects 
that are likely to occur while winding 
und connecting armatures, are short 
circuits. Each type of short circuit 
has different characteristics and dif- 
ferent methods must be used for lo- 
cating them. The most common 
short circuit is a short between 
turns; that is, when one or more 
turns form a closed circuit. This 
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Fig. 5—Method of locating short 
that occurred between top and bot- 
tom halves of coils in the same slot. 
In the growler test the tin keeper was 


attracted in slots 1, 6 and 8. The coll 
pitch of the winding shown is 1-and-6. 
Take any slot which has shown signs 
of being shorted in the growler test. 
for instance slot 1. Then count each 
way from this slot a distance equal to 
one coil pitch and if the two slots 
reached are the remaining ones that 
showed signs of being shorted from the 
growler test, the two coils are shorted 
together in the slots from which the 
count was started. Counting a coil 
pitch each way from slot 1 we reach 
slots 6 and 8 which were the other two 
slots which showed signs of being 
shorted; hence the short between the 
two coils must be in slot 1. 


affects only one coil. Using a milli- 
voltmeter in the bar-to-bar or drop- 
of-potential method of testing, a 
short circuit between turns in a coil 
will give a lower than normal read- 
ing on the millivoltmeter scale. The 


magnitude of the reading depends 


Fig. 6—Another case of reversed 
coil leads that sometimes occurs in 
loop windings. 

This condition is shown in diagram A. 
On passing a current through the wind- 
ing and with the millivoltmeter leads 
across bars z and 1 as shown in dia- 
gram A, a normal deflection will be ob- 
tained on the meter. With the meter 
leads on bars I and 2 as shown in dia- 
gram B, a reading twice normal will be 
obtained, because the meter is across 
coils 1 and 2 in series. With the meter 
leads on bars 2 and 3 as shown in dia- 
gram C a reversed reading will be ob- 
tained. The reason for the reversed 
reading is that the lead of coil 1 makes 
bar 3 positive just as if L, were di- 
rectly attached to bar 8. When the me- 
ter leads are placed on bars 3 and 4 as 
shown in diagram D a reading twice 
normal and in the correct direction will 
be obtained. This is because the meter 
is measuring the drop of potential over 
coils 2 and 3 in series. 
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upon the amount of the coil that is 
shorted out. A zero reading will be 
obtained when the coil is completely 
short circuited, in other words a 
dead short. 

The best method of locating 
shorted coils is to use a growler. An 
armature should be tested for short 
circuits by means of a growler after 
winding and wedging and before 
connecting the commutator leads to 
the commutator. Then any shorts 
that show up after connecting are 
either in the commutator leads or in 
the commutator. When using the 
growler, shorts between turns will 
cause the metal keeper to be at- 
tracted to two slots; that is, the slots 
in which the top and bottom halves 
of each coil lie. By studying the ef- 
fect of each type of short separately, 
it soon becomes easy to determine 
and locate any shorts that may occur 
in the winding. For example, assume 
a 14-slot armature, coil pitch 1-and-7 
and that the growler test shows 
signs of shorts in four slots. Assum- 
ing that the coil turns are shorted 
and that the slots marked from the 
growler test are spaced 1, 4, 7, and 
10, then slots 1 and 7 contain one 
coil and slots 4 and 10 contain the 
second coil. The coil pitch and what 
can be seen of the coil helps to locate 
the bad coil. With the bar-to-bar 
test the millivoltmeter will give a 
low reading when it reaches the two 
bars to which the lead of the shorted 
coil connects. This locates the coil 
without any further test. Shorts be- 
tween coils in the same cell in a loop 
winding would come under the head 
of shorted turns, although the shorts 
are between coils, and if the two 
loops from the slot were cut open a 
light would be obtained between the 
two coils, although the circuit had 
been broken. 

The next type of short is one that 
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occurs between top and bottom 
halves of coils in the same slot; this 
is commonly called a short between 
top and bottom coils. This is done 
to distinguish this type of short 
trom the short between the coils in 
the same cell in a loop winding. This 
type of short forms a closed path, 
similar to a figure 8 and will af- 
fect two and three slots, depending 
upon the type of winding and the 
coil pitch. With a diametrically- 
split winding, two siots directly op- 
posite would be affected. With the 
chorded-loop, split-loop, and split-V- 
loop windings, three slots would be 
affected. To find the slot in which 
the short is located, take any one slot 
that the growler shows as shorted 
and calling this slot No. 1, count over 
to the right and to the left a dis- 
tance equal to one coil pitch. Then if 
each count falls on a marked slot as 
shown from the growler test, the 
short is in the slot called No. 1, but 
if the count does not fall on a 
marked slot on both sides, take any 
other marked ‘slot and call it No. 1 
and repeat the right and left count. 
This method is shown in Fig. 5. 
With the bar-to-bar test, a low read- 
ing will be obtained between bars 10 
and 11, and 8 and 4, but this would 
not indicate anything more than that 
there were two shorts in the. wind- 
ing. From the above, it is obvious 
that the growler is the best means of 
detecting and locating shorts. The 
growler will also show whether a 
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short is in the winding, or in the 
commutator. If two commutator 
bars show up as being shorted from 
the millivoltmeter test, put the ar- 
mature on a growler and bridge the 
two bars with a knife, taking care 
that the coil to which these bars con- 
nect is in the active field of the 
growler. Then break contact with 
one bar. If a spark is seen at the 
time of breaking contact, the short 
is in the winding; if no spark is ob- 
tained, then the two bars are shorted 
and the trouble is in the commuta- 
tor. 

Shorts between leads occur mostly 
on armatures that are wound with 
more than one wire in hand and in 
which more than one wire is used 
per sleeve. Shorts of this kind are 
caused by the wires in the sleeve get- 
ting twisted. When pounded on 
while connecting, the insulation is 
broken, thus shorting the two coils. 
This acts the same as a short be- 
tween turns. 

This trouble occurs mostly in the 
top layer of leads, for the bottom 
leads are usually put down as they 
come from the slot. The top leads 
have to be twisted and interchanged 
and sometimes the twist is pulled 


Fig. 7—Using a growler to test a 
small armature for shorts. 

If the tin keeper which is placed over 
the top slot is attracted, the coil in that 
slot is defective. In the foreground at 
the left is a portable testing trans- 
former which is used for testing the 
winding and commutator for grounds. 
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back close to the core. The very act 
of pulling the twist tight often re- 
sults in a short. This type of short 
is one that occurs between coil ends 
on any type of hand winding and is 
the hardest type of short to locate 
because one coil in crossing the end 
of the core from slot to slot, passes 
over a number of other coils, both 
top halves and bottom halves. There 
is no regularity about the occurrence 
of the attracted slot or bars when 
using the growler. A number of slots 
will show signs of shorts and they 
cannot be reduced to a regular order 
as explained previously. You can be 
sure that the trouble is between coil 
ends, sometimes, by moving the end 
windings with the hand. If the 
trouble can be made to disappear and 
reappear, this proves where the 
trouble is, but if this method fails 
the following will locate the trouble: 
Remove all the top leads; then take 
a test light and attach one lead of 
the test circuit to any one top lead 
with a piece of bare, copper tie wire. 
Have this wire long enough to reach 
around the commutator. Then with 
the other test lead touch the top lead 
adjacent to the one to which the 
first test lead is permanently at- 
tached. If a light is obtained, it in- 
dicates a short between these two 
coils. In this case, tie the two leads 
together with the tie wire and at the 
same time mark both leads so they 
can be found later. If no light is 
obtained, tie both top leads together 
with the tie wire without marking 
the leads. Then touch the test leads 
to the next top lead. After this tie 
this lead to the first two leads by the 
tie wire. Repeat this process with 
each top lead until the starting 
point is reached, marking every top 
lead that shows a light. These 
marked leads are the ones that con- 
nect to the coil shorted across the 
coil ends. With a bar-to-bar test, all 
kinds of readings would be obtained 
depending 
on the degree of contact and the 
number of places shorted. No defi- 
nite results would be obtained with 
a bar-to-bar test in this case. 

The foregoing discussion applies 
to hand-wound armatures only, that 
are being rewound. When a num- 
ber of troubles show up in a wind- 
ing and they give trouble in locating 
it will be found the best policy is to 
strip and rewind the armature com- 
pletely. 

From the above, it follows that 
with the drop-of-potential or bar-to- 
bar test, a short circuit in a coil 
will give (Continued on page 401) 
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WITH THE ENLARGEMENT of 
existing departments or the addi- 
tion of new ones and the increasing 
use of power service, the original 
distribution system of a factory or 
institution often becomes inade- 
quate. Unless the necessary addi- 
tions to the system are well planned 
and carefully installed, the result 
is a system which is cumbersome, 
inefficient and perhaps hazardous 
from fire and safety standpoints. 
In this article, Mr. Fritz describes 
a distribution system, in which 
safety for operators and reliability 
of service were prime considera- 
tions, that was installed’ in a Cali- 
fornia state institution for the 
insane. 


Some Practical 
Details on 


Changes Ina 
Distribution 
System. 


Which Have Lowered 
Maintenance Costs, Cut 
Fire and Accident 
Hazards and Increased 
Reliability of Service 


By B. R. FRITZ 


Foreman Electrician, Department of Public 
W orks, State of California. 


ECENTLYI was called upon 
R to do the field work in laying 
out and making recommen- 
dations for the installation of a dis- 
tributing system for the Napa state 
hospital. This is the largest of six 
similar institutions for the care of 
the insane. At the present time 
there are about 3,000 inmates in the 
institution proper, which covers a 
great many acres of ground. Two 
large ranches are operated in con- 
nection with it and it is, on the 
whole, as nearly self-supporting as 
possible. 

A thorough inspection of the ex- 
isting installation showed that it 
had been outgrown and was inade- 
quate for the demands placed on it. 
As the institution had grown, new 
circuits had been run from time to 
time to meet changing conditions. 
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Much of this work was poorly done 
and as a result make-shift wiring 
was everywhere in evidence. It was 
not only a serious fire hazard, but 
was also dangerous from the stand- 
point of personal safety. As an 
example of the conditions, the main 
building was supplied by a power 
company with current at 2,400 volts. 
This was stepped down to 220 volts, 
three-phase, and 220 volts and 110 
volts, single phase, at three different 
places in the basement. The power 
company had twenty-one meters to 
measure the current used and nearly 
a day was required to read all of 
these meters. 

It was plainly evident that any 
attempt to revamp the existing in- 
stallation would be very difficult and 
expensive. Recommendations were 
made, therefore, to abandon entirely 
the existing installation and put in 
a complete underground distribution 
system, as this would eliminate al- 
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This shows the high-tension oil switches 
and disconnects, in the main substation, 
for the outgoing 2, 400. volt lines. 


most entirely the fire and personal 
injury hazards. 

In the new installation, electrical 
energy is delivered at 2,400 volts, 
three phase, by the power company 
from its hydro-electric generating 
station in the Sierra-Nevada moun- 
tains over a main cable consisting 
of three No. 0 varnished-cambric 
cables. This cable terminates in the 
main sub-station, which is built of 
brick and concrete. The primary 
board shown in Fig. 1, is located in 
this substation and consists of one 
metering panel on which all of the 
energy used is measured both by 
the power company and by the in- 
stitution, one panel with oif switch, 
voltmeter and voltmeter receptacle, 
and five panels with oil switches for 
the out-going, 2,400-volt feeders to 
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Fig. 2—The trough system of wir- 
ing was used for the switchboard 
which controls the motors in the 
laundry. 


Push-button control is used for the 
motors in this department. This 
switchboard, which consists of the 
starters and enclosed line switches, 
was mounted 7 ft. above the floor. 
The main switch alone can be operated 
from the floor. The troughs for the 
wiring were made of No. 14 galvanized 
iron; the covers are made in sections 
and are fastened with machine screws. 


the various distribution points. A 
recording watt-hour meter is in- 
stalled on the meter panel for use 
in making rates. Also, above one 
of these out-going panels is located 
a ground detector of the electro- 
static type. Some time ago a storm 
put the power company’s ground de- 
tector out of service and for a short 
period all trouble on their lines was 
located from this station. 

Behind the primary board is 
located the primary rack where all 
of the out-going primary lines are 
fed through the oil switches and dis- 
connects which have 90-deg. stops 
and are used to isolate the oil circuit 
breakers and equipment so that they 
may be worked upon with absolute 
safety. These disconnects are 
mounted 8 ft. above the floor, as 
shown in the illustration at the be- 
ginning of this article. All of the 
primary lines leave the racks 
through a three-conductor pothead, 
leading to the primary pit, from 
which they go to the main manhole 
which is located in the center of the 
road in front of the substation. 

The secondary board is placed at 
a right angle to the primary board 
and is of the safety first type (see 
Fig. 4, B). This board also has a 
pit behind it where all of the low- 
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voltage cables are brought in. This 
pit and the primary pit as well have 
covers made of -in. steel plates, 
but are not inter-connected. The 
secondary board is fed from a 
closed-delta bank of transformers 
consisting of one 150-kva. and two 
50-kva transformers. The lighting 
circuits in this vicinity are taken 
from one of these transformers. 
All of the cables behind the sec- 


ondary board were taped and 


Fig 1—High-tension switchboard 
in main substation. 


The primary board, shown at the 
right, consists of a meter panel, a volt- 
meter and main oil switch panel, and 
five panels on which are mounted oil 
switches for the 2,400-volt lines going 
to the various buildings and depart- 
ments. The electrostatic ground detec- 
tor can be seen at the top of the third 
panel from the left. The small photo- 
graph at the left shows the rear of the 
meter panel. 


treated with water glass. The sec- 
ondary buses from the transformers 
are made of 3/16-in. x 2-in. copper 
and, as will be seen from Fig. 4, A, 
are suspended 8 ft. above the floor 
on a pipe framework. This con- 
struction makes it easy to remove a 
transformer in case of a burnout. 
In front of the transformers is a 
pit which is connected with the 
sewer and is capable of holding all 
of the oil from one transformer. 
This substation also feeds another 
substation which is located near the 
water-pumping plant, which has a 
connected load of 250 hp. This 
pumping plant substation, a view of 
which is shown in Fig. 4, C, has 
three, 75-kva., transformers which 
step the voltage down from 2,400 
volts to 220 volts, three-phase. Inas- 
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Incoming Lines 


Distributing Collage 


much as the low-voltage motors 
draw a heavy current, costly bus 
work was avoided by running two 
500,000 circ. mil cables from each 
transformer to a pull can, located on 
the pump house wall back of the 
transformers, where the delta was 
closed. Besides the saving in cost, 
this construction gives a greater 
current-carrying capacity than if 
the delta had been closed directly at 
transformers and three 1,000,000 
circ. mil cables run in. 

The installation of the electrical 
equipment in the pumping plant was 
very carefully planned and carried 
out. There is no exposed wiring 
and every precaution was taken to 
insure maximum safety to the oper- 


and safety 
in this in- 


Fig. 4—Convenience 
were considered first 
stallation. 


A. The secondary buses from the trans- 
former bank feeding the low-tension 
lines through the secondary board in 
the main substation are carried on pipe 
framework 8 ft. above the floor, thus 
making it an easy matter to remove 


defective transformers. B. The low 
tension board is of the safety-first type. 
C. One end of the pumping plant sub- 
station, showing the bank of three 
75-kva., 2,400-220-volt transformers. 
Costly bus work was avoided by run- 
ning two 500,000 cire. mil cables from 
each transformer to a pull can back 
of the transformers and closing the 


delta there. 
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10 2400 Volt Lines 
———— Underground 220 lat Lines 


ator and reliability of operation. 
At this pumping plant the water is 
raised by air from wells which are 
350 ft. deep. From the wells the 
water is discharged into a large con- 
crete pit from which it is pumped 
under pressure into the water mains. 

The laundry, which is another 
power-using department, is fed from 
the main substation through a 
350,000 circ. mil 3-conductor cable 
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Fig. 3—Single-line diagram show- 
ing location of buildings and high- 
and low-tension feeders. 


with a weatherproof No. 00 neutral. 
Owing to the fact that some of the 
patients in the institution work in 
the laundry and in the bakery, spe- 
cial precautions had to be taken in 
locating the electrical equipment so 
as to make it as nearly fool-proof 
and free from the possibility of in- 
terference as can be. In fact, this 
condition was given prime consider- 
ation in the installation of all the 
equipment in the institution. For 
this reason, these two buildings 
were completely re-wired through- 
out. 

The switchboard, Fig. 2, which 
contains Trumbull! enclosed, exter- 
nally-operated knife switches and 
the motor starters, was placed 7 ft. 
above the floor on a platform, with 
the main switch on the floor level. 
Nearly all of the motors are sus- 
pended from the ceiling, being bolted 
to steel I-beams. A few small mo- 
tors, properly guarded, are mounted 
on or near the machines which they 
drive. All of the machines in the 
laundry are belt-driven. All motors 
have conduit terminals and are 
started and stopped by push but- 
tons, so that in case of accident the 
foreman needs to step but a few 
feet to shut off all power. With the 
manually controlled starters pre- 
viously used, the patients were con- 
tinually blowing fuses and causing 
annoying delays. 

The power factor of the laundry 
had previously been very low; so the 
writer put a recording watt-hour 
meter on all of the motors. As a 
result of these tests, one 25-hp. 
motor was replaced by a 15-hp. mo- 
tor and smaller motors were put on 
several machines, making individual 
drives. (Continued on page 403) 
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Insulating Varnish Tests 


That Are Easy to Make 


In any Repair Shop and Indicate the Kind of 
Varnish Best Suited to Conditions Under Which 


Apparatus Must Operate 


By H. L. HAZELTINE 
Engineer of Insulation, The Sterling Var- 
nish Co., Pittsburgh, Pa. 

N THE preceding articles the 
writer has taken up in a general 
way the characteristics of insu- 

lating varnishes and their solvents, 
the equipment for their application 
and some causes of troubles, with 
their remedies. The question that 
now most naturally arises is how to 
choose the varnish that is best suited 
to the conditions under which a par- 
ticular piece of apparatus must oper- 
ate. This is probably the most 
perplexing problem of all. There are 
so many of these insulating mate- 
rials, which vary only slightly in 
composition and characteristics, that 


they tend to create confusion in the 
minds of the user. Yet each one is 
designed for a purpose. 

Obviously the first step is to select 
the general type of varnish insulator 
that will be likely to give the best 
results. This may be done by mak- 
ing a careful study of the conditions 
to which the finished machine is to 
be exposed and the limitations of 
the shop equipment. The next step 
is to pick out the particular mate- 
rials from this general class that 
will be productive of the best re- 
sults. 

As in other walks of life experi- 
ence is the best teacher. It is, how- 
ever, expensive to make production 
trials of many different varnishes, 
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These motors operate meat grinders in a 


packing plant and are washed out, along 
with other apparatus, with boiling water 
at the nightly cleanup to remove grease 
accumulations. Under these conditions the 
average life of the insulation is about 
nine months. 


especially when some may be totally 
unsuited to the work and may be 
the cause of disastrous failures. 
Some other means of visualizing the 
characteristics of a varnish before 
purchasing in large quantities must 
be provided and for this reason tests 
on a small scale have been devised 
not so much to determine the actual 
suitability of a given product as to 
indicate those which are of sufficient 
interest to warrant a more extended 
trial. 

Small shops are not usually 
equipped for making detailed scien- 
tific tests and hence they are inclined 
to leave the choice of a material to 
the personal opinion of the shop 
foreman or engineer rather than to 
a definite knowledge of the product 
itself. Tests of as elaborate or of as 
simple a nature as desired may be 
devised, but it is a general axiom 
that in most cases the action of any 
material under forced conditions is 
not the same as under normal condi- 
tions. Hence, when tests are used, 
as they should be, to indicate a prod- 
uct having characteristics that ap- 
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pear to be suitable and whose results 
are to be backed by actual produc- 
tion trials, the simple easy-to-make 
ones will be found to give satisfac- 
tory results. 

Those outlined below have been 
designed with these ideas in mind. 
They require no special apparatus 
and, therefore, are particularly 
adapted to the needs of small shops. 
They are of necessity designed for 
general conditions, but it is hoped 
that they will suggest other and 
equally simple tests that may be 
made when special occasions arise. 


TESTS THAT CAN BE MADE IN ANx 
REPAIR SHOP 


Specific Gravity Uniform specific 
gravity in a varnish is one of the 
most important requirements. It 
gives the user quick and definite in- 
formation as to the uniformity of 
the product purchased and protects 
him against any change that might 
be contemplated in its manufacture. 
It also serves as a means of main- 
taining a varnish at a proper con- 
sistency. | 

An ordinary hydrometer gradu- 
ated for liquids lighter than water 
(with readings less than 1.000) is 
all the apparatus required and 
should be a part of every shop equip- 
ment. When corrections for tem- 
perature variations are applied the 
readings are sufficiently accurate for 
any ordinary work. 

The specific gravity of a varnish 
unfortunately varies not only with 
the percentage of base or useful 
material, but also with the nature of 
the solvent or base used and hence 
its measure is quite valueless when 
two different varnishes are to be 
compared. For example, a material 
having a solvent with a specific 
gravity of 0.720 and 50 per cent base 
would probably have a gravity of 
about 0.860, whereas one made up of 
the same solvent and 40 per cent 
base would have a gravity of only 
0.832, but if the second material had 
a solvent with specific gravity equal 
to 0.790 its gravity would be 0.874. 
It will be seen, therefore, that con- 
trary to rather general opinion the 
specific gravity is not a measure of 
the “body” of a varnish and should 
be used not as a means of compari- 
son but as a means of maintaining 
the consistency of a particu'ar 
product. 

Viscosity—The actual viscosity of 
a varnish is the measure of its rate 
of flow as compared to that of dis- 
tilled water. Like specific gravity 
its value varies with the type of 
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solvent used and the percentage of 
base; hence its determination has no 
significance in comparing the quali- 
ties of two different products. Fur- 
thermore, it does not indicate the 
way in which a material will flow 


IN THIS ARTICLE, which is the 
last of a series on insulating var- 
nishes, Mr. Hazeltine describes 
some simple tests and gives the 
interpretation of results that make 
it possible to check up on var- 
nishes that are being used for dif- 
ferent insulating requirements and 
to select the type of varnish best 
suited to the conditions to which 
the apparatus is likely to be sub- 
jected. 


The first article in this series ap- 
peared in the March issue and 
dealt with varnishes and their solv- 


ents. The second, in the April is- 
sue, took up methods of applying 
varnishes. The third, in the June 
issue, discussed the best ways to 
use varnish for protecting wind- 
ings against moisture, oil and me- 
tallic dust. The fifth article, in 
the July issue, outlined common 
insulation troubles and explained 
the ways to overcome them. 


from coils or other types of work. 
It is, therefore, not a quality of any 
particular interest and the small 
shop is hardly justified in purchas- 
ing the rather expensive viscosi- 
meter required for measuring this 
quality. 

When an article is dipped in var- 
nish the varnish tends to run off 
thin at the top and to accumulate in 
a thicker coat at the bottom. The 
difference in thickness of film is 
known as the slip or working vis- 
cosity. It is evident that material 
having the least slip will drain more 
evenly from articles dipped in it and 
will deposit a more uniform coat 
than one having a greater slip. It 
will be seen, therefore, that unlike 
the actual viscosity, the working vis- 
cosity has a very interesting value to 
the user. 

The slip in 10-in. or the difference 
in thickness of film taken at points 
10 in. apart has been adopted as the 
unit of measure of working viscosity. 
It may easily be measured as fol- 
lows: 

Take a strip of a good quality of 
bond paper about 0.0028 in. thick, 
4 in. wide by 18 in. long. With a 
lead pencil draw a line across the 
paper 14 in. from the bottom for a 
trimming line. Then 3 in. above this 
line draw another and mark it 12-in. 
line. Five inches above this draw 
another and mark it 7-in. line; five 
inches above this line draw another 
and mark it 2-in. line. Two inches 
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above this draw still another line 
and call it dipping line. Dip a sheet 
to the dipping line in a deep vessel 
containing the varnish to be tested 
and withdraw at a slow, uniform 
rate of speed, taking care that there 
are no air bubbles on the surface of 
the varnish to adhere to the paper. 
It is absolutely essential that the 
rate of withdrawal shall be uniform 
otherwise an uneven film will result. 
After a little practice, however, good 
test papers can be made quite rap- 
idly. Dry thoroughly either by bak- 
ing or air drying according to the 
nature of the varnish used; then 
with a micrometer measure the 
thickness at the 2-in. line and at the 
12-in. line. The difference is the 
slip in 10 in. A measurement of 
the thickness at the 7-in. line serves 
as a check on the result as the differ- 
ence between this and the thickness 
at either the 2-in. or 12-in. line 
should be one-half the value obtained. 

Dielectric Strength—These same 
test sheets may also be used for de- 
termining the disruptive strength of 
the varnish. Too much importance 
has been placed upon this test in 
the past at the expense of other 
more vital characteristics. Many 
small shops feel that because they do 
not have the expensive special test- 
ing sets required, they cannot judge 
the qualities of insulating varnishes 
and hence are inclined to abandon all 
tests on this account. It would be 
well to call the attention of such 
shops to the fact that many of the 
larger factories have abandoned this 
test altogether because of the dif- 
ficulty of obtaining reliable results. 
Hence, it would be quite safe for 
the smaller shops to follow their ex- 
ample. The results obtained even 
when the test is most carefully made 
on highly specialized apparatus and 
on test specimens prepared with the 
utmost care do not justify the instal- 
lation of the high-voltage transfor- 
mer required, when such is lacking. 
A variation of as much as 100 per 
cent has been noted in the disruptive 
strength taken at different points on 
the same specimen. It would appear 
therefore that no varnish should be 
rejected for showing a low value 
alone. All insulating varnishes man- 
ufactured by reliable firms that 
understand the requirements have a 
dielectric strength greatly in excess 
of any that the user may put upon 
it. What difference does it make 
whether a material has a disruptive 
strength of 2,000 volts per mil or 
only 800 volts per mil when at least 
fourteen mils of insulation will be 
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used and the impressed voltage will 
not exceed 400 or 500 volts? 

Flexibility or Heat Endurance— 
The same test sheets already de- 
scribed may be used in determining 
the degree of resistance to continued 
heat possessed by a given varnish. 
In preparing the test specimens care 
should be taken that the films are as 
near the same thickness as possible. 
Otherwise the heavier coat is liable 
to crack too soon due to the fact that 
the surface becomes hard and does 
not possess sufficient elasticity to 
prevent the soft material from burst- 
ing the outside skin. 

After thorough drying the sheets 
are placed in the oven and baked at 
a uniform temperature of from 100 
deg. C. to 105 deg. C. until the var- 
nish cracks when the paper is 
creased. The time required before 
cracking occurs is a measure of the 
resistance to heat. 


Oil and Water Resistance—A 
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rough idea of the resistance of the 
film to the effects of oil may be ob- 
tained by rubbing the surface of one 
of these test sheets with a piece of 
waste that has been soaked in trans- 
former or machine oil. Care must 
be taken that the pressure applied be 
as nearly as possible the same on 
each paper when comparisons are to 
be made. Care should also be taken 
that the varnishes are thoroughly 
dry and that they have all been 
baked at the same temperature. 
Where more definite information 
is needed both oil and water resist- 
ance may be measured at the same 
time in this way: Take several 
pieces of perfectly clean copper rib- 
bon about 2 in. wide by 5 in. long. 
Dip them in the varnish for about 


Hydrometer suitable for testing 
specific gravity of insulating var- 
nishes, with Baume and specific 
gravity scales. 
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4 in. of their length; then hang 
them in the drying oven and bake 
until thoroughly dry. Be sure that 
the varnish is dry. Then trim off 
about ½ in. of the bottom of the 
strip with a pair of scissors, as 
capillary attraction practically re- 
moves the varnish from the edges of 
a strip of copper. As the varnish 
and copper together have been cut 
at the bottom and the varnish does 
not extend up the whole length of the 
strip, it is apparent that we have 
two sheets of the varnish to be 
tested laid on one sheet of copper. 
Next take a glass beaker or other 
suitable container deep enough to 
allow the immersion of the copper 
strips for about 3 in. of their length 
and fill the vessel 4 in. deep with 
water and ½ in. with any good qual- 
ity of lubricating oil. Hang the test 
pieces in the liquid. This may be 
done by punching a hole through 
them and sticking a glass rod 
through. The rod may be laid 
across the top of the vessel so that 
it rests upon the edges. Care should 
be taken to see that the coppers do 
not come in contact with one an- 
other or within ½ in. of the bottom 
of the vessel. Then apply heat to 
the bottom of the container with a 
gas jet until it boils and continue 
the boiling until the varnish films 
are affected. This may be judged by 
removing the strips from time to 
time and testing with the finger nail. 
It must be remembered in making 
oil resistance tests that transformer 
oil will have a greater effect than 
Jubricating oil, hence it would be 
wise to use that oil to which the 
varnish will be subjected in practice. 
Acid and Alkali Resistance—Take 
a piece of close-grained wood about 
4 in. wide and 5 in. or 6 in. long. 
Be sure that the surfaces are 
smooth. Treat it with varnish so 
that a good, continuous coat is 
formed. Place a drop of weak acid 
or alkali at several different points 
on the surface. Of course the water 
in these drops will evaporate and 
hence we will obtain the effect of 
acids and alkali at varying strengths. 
From time to time renew these 
drops until it is seen that the drop 
has broken through the surface of 
the varnish. A comparison of the 
times required will indicate the acid 
resistance of the different materials. 
Penetration — Good penetrating 
qualities are of the utmost impor- 
tance, aS a varnish must be capable 
of passing through fibrous insulation 
and providing the protection needed 
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in the interior of the windings. A 
rough determination may be made 
by taking a bar of metal or wood 
1 in. square and 12 in. long. About 
this wrap many layers of the same 
cotton tape used in the shop, being 
careful that the lap is one-half the 
width of the tape on each test piece. 
In order to reduce the number of 
layers required, a layer of thin paper 
may be substituted for every fifth 
layer of tape, taking care that the 
paper passes once around the bar 
and that the edges come together 
without overlapping. Dip the bars 
in the varnishes to be tested allow- 
ing them to remain for exactly the 
same length of time; remove and 
dry thoroughly. Then with a sharp 
knife cut through the tape and paper 
and count the number of layers 
through which any traces of varnish 
can be found. 

Shop Test—This experiment will 
show you the relative amount of care 
that must be taken in maintaining 
a given varnish; that is, whether the 
care to keep the base from going out 
of solution is excessive. The only 
apparatus required is a small con- 
tainer and a hydrometer. Fill the 
container with varnish of known 
specific gravity and allow it to stand 
with the top open so that the solvent 
will evaporate by action of the air 
and heat in the shop. Each morning 
measure the specific gravity and add 
sufficient solvent to bring the varnish 
back to the original consistency. A 
good varnish should stand this re- 
peated thinning without livering or 
going out of solution for at least 
thirty days. In most shops the 
material stands in a tank for a con- 
siderably longer period. Of course, 
when the tank is covered, as it 
should be when not in use, not nearly 
so much thinning is required. Hence 
this test is considerably more severe 
than ordinary shop conditions would 
seem to require. Nevertheless it 
will give very definite information 
as to whether the care required of 
the material is so excessive as to 
make the cost of handling prohib- 
itive. 

Percent of Base or Useful Mate- 
rial—The most important test that 
can be made on a varnish is the de- 
termination of the percentage of 
base. It is not fair either to your- 
self or to those manufacturers of 
varnish who are supplying a mini- 
mum of solvent to purchase mate- 
rials on a price per gallon basis. 
You are buying protection, not thin- 
ner whose only value is to provide 
flowing qualities and which passes 
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off into the air once the varnish has 
been applied. You can usually pur- 
chase thinner nearly as cheaply as 
the varnish manufacturer and as you 
must thin anyway, you save your- 
self considerable in freight charges. 

The importance of such a test is 
clearly shown by this episode. A 
company which had been buying a 
certain grade of varnish for a num- 
ber of years decided to make a 
change because it would save them 
6 cents a gallon on the purchase 
price. This material had been guar- 
anteed as the equal electrically and 
in gravity to that which had been 
previously used. Nothing was said 
about it being equal physically. 
After six months’ trial it was found 
that exactly twice as much of the 
new material had been used as was 
formerly the case with the old. An 
examination of the new product 
showed that it contained three 
quarts of solvent to every gallon of 
varnish, whereas the old contained 
only two quarts. The gravity was 


Method of testing the resistance of 
varnish films to hot oil and water. 
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maintained equal by the use of a 
heavy solvent. Although the price 
per gallon of varnish was 6 cents 
less, the new material was more ex- 
pensive to use and the ratio of the 
actual value was one to two because 
twice as much of the new material 
had to be used for a given amount 
of protection. 

A rough estimate of this percent- 
age of base may be made during the 
preparation of the test sheets de- 
scribed under Viscosity. If the var- 
nish is weighed before the sheets 
are dipped and the dried film be 
weighed after the drying, with 
proper allowance for the weight of 
the paper, it may readily be seen 
that a very rough estimate may be 
made. 

Again, if the specific gravity of 
the solvent used in the varnish is 
known the percentage of base may 
be determined by calculation from 
these same test sheets. 

A more accurate determination 
may be made by the use of the 
ordinary distilling apparatus shown 
on page 156 of the March, 1924, 
issue of INDUSTRIAL ENGINEER for 
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determining the qualities of the thin- 
ner used. Considerable skill is, how- 
ever, required in making this test 
and hence it is suited chiefly to 
those factories having an expert 
chemist. 

The tests outlined above are at 
the best exceedingly rough and the 
ideas as to the comparative merits 
of two different materials can only 
be estimated. Space will not permit 
a description of the more scientific 
tests requiring extensive laboratory 
equipment. These have been very 
ably described in the Tentative 
Standards for Testing Insulating 
Varnishes compiled by the American 
Society for Testing Materials. Those 
interested in the subject may obtain 
copies from the Secretary of that 
Society at Philadelphia, Pa. 


RESULTS OF TESTS MuST BE 
PROPERLY INTERPRETED 


Tests, whether of the scientific 
kind or of the rough shop kind, have 
no value to the user of varnish un- 
less the results are interpreted and 
brought to a common basis. It is 
quite true that some varnishes are 
worth more money than others due 
to their having stood the tests bet- 
ter, or to their having a higher per- 
centage of base, or because the price 
per gallon is less. Stating this in 
mathematical terms, the value of a 
varnish varies directly with the test 
results, directly with the percentage 
of base and inversely as the price 
per gallon. 

That is, we could write an equa- 
tion in which the value of the var- 
nish equals (test results X percent- 
age base) — (price per gallon). 

The percentage of base and the 
price per gallon are both expressed 
in figures. If then the test results 
could be reduced to a number, we 
could express the value of a varnish 
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Sample of a test for slip or work- 
ing viscosity of a varnish. 
Details for making this test are given 


under the heading Viscosity on page 


382. It helps to pick out a varnish 
that will drain evenly and provide a 
warren coat when articles are dipped 
n it. 


by a number and the greater this 
number the greater the value of the 
material. 

It is quite possible before starting 
tests to determine a set of 
values which represent approxi- 
mately our idea of the relative im- 
portance of the qualities one to 
another and to the whole, or 100. 

Suppose that we were testing var- 
nish for the treatment of apparatus 
which will be subjected to consider- 
able heat and to strong acid fumes. 
The qualities that most interest us 
are: flexibility or life at 105 deg. 
C.; elasticity or resistance to the 
expansion and contraction of the 
metal used in the machine under 
service conditions; acid resistance 


Comparative Data From 


Tests on Four Sample of Insulating Varnish 


IDEAL 

PROPERTY VALUES 
Dielectric ee N 10 
Elasticity. . Bat Sad atts 30 
Life at 105 deg. oe aeii, 30 
Acid resistance. . are 30 
Totals.... 100 


Percentage of base 


SAMPLE | SAMPLE | SAMPLE | SAMPLE 
No. 1 No. 2 No. 3 No. 4 
10 6 8 4 
25 22 10 24 
20 15 17 26 
25 20 16 28 
80 63 51 82 
50 45 40 42 
110 108 96 130 
36 26 23 26 


Price in cents per gal. 3 
Relative value. ee 


ideal 
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and comparative dielectric strength. 

Dielectric strength being of the 
least importance could be given a 
numerical value of say 10; life, acid 
resistance and elasticity being of 
equal importance could be given an 
arbitrary value of 30 each. We 
could then tabulate our values as 
shown in the table below. 

The values for the samples are 
determined in this way: Suppose 
the values for the dielectric strength 
in volts per mil for each of the four 
samples are: No. 1—1,600; No. 2— 
960; No. 3—1, 280; No. 4—640. If 
1,600 volts are taken as the ideal 
value, or 10, 960 is % of 1,600 or 6, 
and so on. 

The relative value is determined 
by multiplying the percentage of 
base by the test totals and dividing 
by the cost per gallon in cents. It 
will be seen that sample No. 1 is the 
relatively best purchase because its 
relative value is the highest. 

Without this interpretation, the 
choice of the engineers would prob- 
ably be No. 4, although the small 
percentage of base and the high cost 
per gallon do not warrant its adop- 
tion. Sample No. 3, on the other 
hand, would be the purchasing 
agent’s choice, as its price is the 
lowest. Sample No. 1 is the better 
purchase on the basis of percentage 
of base alone in the ratio of 50 to 
40. That is, to be an equal purchase 
on a price basis No. 3 should sell for 
4 as much as No. 1, or 88 cents per 
gallon. 

By this method it will be seen that 
the personal element has been elim- 
inated from every feature having to 
do with the selection of varnishes, 
except the detail tests. The design 
of these tests should be such as to 
eliminate this feature as much as 
possible also. 

It will be noted that in the list of 
qualities under Tests That Are Easy 
to Make, the elasticity has been men- 
tioned, although no test for it has 
been described. Elasticity may be 
defined as that quality of a varnish 
which enables it to resist the strains 
put upon it by the expansion and 
contraction of the metal, during 
operation, in the machines to which 
it is applied. It is probably depend- 
ent upon the amount of drying oil 
containedgin a particular material, 
the nature of the drving oil and the 
way in which this drying oil has been 
treated in manufacture. The qual- 
ity may best be determined by a 
comparison of the way in which the 
machine (Continued on page 402) 


386 


( INDUSTRIAL ENGINEER 


Devoted to the Maintenance and Operation of 
` Electrical and Associated Mechanical Systems in Mills and Factories 4 
\ 


— 


DANIEL H. BRAYMER 
Editorial Director 


Assisted hy 


G. A. VAN BRUNT F. E GOODING A. J. WHITCOMB 


Chicago, August, 1924 


LANT MEN may take 

a tip from the good 
housewife who, during her 
annual spring and fall 
housecleaning, turns every- 
thing over, moves it around 
and gives it a thorough going over even though she 
sweeps and dusts several times a week throughout the 
year. 

Some plants approach this weekly clean-up by shut- 
ting down machines from a quarter- to a half-hour 
earlier on Saturday and have each man wipe off his 
machine and tidy up the space he occupies around it. 
Even with this, however, an annual clean-up is worth 
while as many things accumulate during the year which 
really belong elsewhere. With some industries the sum- 
mer is a slack time which offers an excellent opportunity 
to make a real housecleaning job of the clean-up. Then 
everything movable can be shifted and cleaned under 
and around, accumulations disposed of and paint brush 
applied here and there where necessary. Lamps, lamp- 
shades, windows and skylights, generally need more fre- 
quent attention but if they haven’t received it here is 
a good opportunity to give them a thorough cleaning. 


A Suggestion 
About Plant 


Housekeeping 
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N A conversation last 

month with the super- 
intendent of a large paper 
mill he referred to the dif- 
ficulties of making repairs 
and changes on equipment 
when little thought has been paid to standardization 
and various types and makes of apparatus have been 
installed, with price largely governing the selection. In 
such a case a piece of apparatus is installed to try it 
out; then another that seems to have some better points 
but is no more expensive, until a switchboard or control 
section has a variety of devices for which repair parts 
must be carried or considerable expensive apparatus 
junked to start in on any plan of standardization that 
will be at all comprehensive. 

Right here is a real problem. When someone before 
you has installed the miscellaneous apparatus and it’s 


The Hows and 
Whys of 


Equipment Failures 
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your job to make it operate, the suggestion to tear out 
the old and install new equipment is one which the 
management usually frowns upon and considers a little 
tainted with prejudice. So the usual plan is to get 
along with the old as best you can and replace it with 
such equipment as can be standardized upon as the 
opportunity comes up. 

The tendency is to hold on to the best that has been 
used and gradually add the most modern of the same 
type and make. Here, the operating man has an oppor- 
tunity for doing a manufacturer a good turn that is 
usually appreciated. He can make a report on failures 
of the apparatus, indicating their causes and point out 
those due to the equipment itself and those due to in- 
correct use or abuse. Such reports are usually worth 
money to the manufacturer because it is impossible for 
him to duplicate all the various pranks of actual service 
on his test floor and it is mainly through the experiences 
of operators and troubles that develop from service that 
the best form of design is evolved. 

As this particular superintendent pointed out, it is a 
better plan for an operator to help perfect equipment 
by suggestions offered to the manufacturers, than to 
shop around to find something that is just right when 
he gets it but that adds type and different design com- 
plications to the equipment layout unless the entire 
plant can be rebuilt and new equipment installed. Even 
then the man who keeps records of the hows and whys 
of failures is the one who usually knows how to avoid 
them in the new layout. 


— 


N OFFICIAL of a com- 
pany that specializes 
in the repair of motors and 
certain industrial material- 
handling equipment re- 
cently said: “If plant own- 
ers would see to it that their equipment is properly 
taken care of, we would not have much to do. Ninety 
per cent of the failures in the equipment we handle are 
due simply to lack of proper attention.” 

The fact that maintenance is much cheaper in the 
long run than neglect and consequent repairs, has still 
to be learned by some factory managements and own- 
ers. It is an expensive lesson, but when it has once 
been learned it is never forgotten. The production 
losses entailed by the failure of an important piece of 
equipment and the cost of a rewind job, say, will ordi- 
narily buy a good deal of maintenance. 

A certain amount of repair work is necessary and 
inevitable. Bearings will wear out in time; equipment 
will be abused or receive injury in one way or another; 
and parts will occasionally break under the stresses im- 
posed by unusual service conditions. Nevertheless, the 
amount of repair work caused by these mishaps is, in 
many plants, very small when compared to the amount 
of repairs that are caused by improper application, 
operation and care of the equipment. 

The issue is simple: There is no escape from the 
fact that it costs money to operate and use equipment. 
The only question is whether this money shall be spent 
for properly-directed maintenance, or whether a greater 
sum shall be spent for repairs which are occasioned by 
the lack of attention. In the first instance the amount 
to be spent can be closely estimated and controlled; in 
the other it is a very uncertain quantity, and “the sky 
is the limit,” as the saying goes. 


Economy In One 
Direction May Be 
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POWER SURVEY of 

the plant load, made at 
regular intervals, is one of 
the best forms of insurance 
against power distribution 
failures that the plant engi- 
An underground-cable failure that 


Make a 
Graphic Picture of 
Your Plant Load 


ineer could ask for. 
recently occurred in the coke plant of a large steel mill, 


is a case in point. Increased power demand and the 
addition of a few motors increased the load on this 
cable to the point where a disastrous burnout occurred 
half-way between two manholes. Since coke-making is, 
of necessity, a continuous process, the production loss 
and scrapped product caused by the loss of power from 
this cable can be readily imagined. An investigation 
undertaken after the failure had been repaired showed 
that not only was the cable overloaded but it was located 
in the vicinity of some steam pipes which, through the 
heat radiating from them, reduced the carrying capacity 
of the cable. | 

A power survey, similar to the one which Mr. Staf- 
ford describes in his article beginning on page 360, 
would have gone far towards eliminating a failure such 
as the one mentioned. A power survey of the load of 
the entire plant gives a mass of data that is hard to 
visualize; if the survey is made at yearly intervals, it is 
difficult to compare the results of each survey. Mr. 
Stafford in his article gives a line diagram which shows 
the location, size and connected load of each circuit, and 
also gives a chart which shows the comparative value of 
the departmental loads together with the power factor 
and the power and wattless components of each depart- 
ment or circuit. By means of these two diagrams the 
factors of the distribution system can be readily visual- 
ized and compared. | 

A power survey repeated at regular intervals and 
charted and analyzed as described will lead to conclu- 
sions that will save many a midnight cable repair job. 


— —— 


T is usually easier to say 
that a thing can not be 
done, than to go ahead and 
do it. Perhaps thie is one 
explanation of the interest- 
ing fact that many of the 
outstanding developments and inventions have been 
made by men whose training and experience were con- 
fined to other fields than the one in which they attained 
prominence. 

For example, Pasteur, who discovered the anti- 
toxin used in the treatment of hydrophobia, was not a 
physician. Bell, the inventor of the telephone, was a 
teacher of the deaf—not an electrician. Morse, the in- 
ventor of the telegraph, was a portrait painter. Inger- 
soll, who made the dollar watch famous, was a farmer, 
not a jeweler or watchmaker. Columbus, the discoverer 
of America was a comber of wool, not a sailor. The 
Wright brothers, who conquered the air with their fly- 
ing machines, were originally bicycle repair men, not 
scientists. 

This list might be extended to considerable length, 
but it is long enough to illustrate the point. Wide or 
increasing knowledge of a certain field often seems to 
bring with it merely a wide variety of reasons why cer- 
tain things can not be done. In fact, the discoverer of 
insulin, by far the most valuable curative agent for 
diabetes, has been quoted as saying, in effect, that when 


If You Are Sure 
[t Can’t Be Done 
You'll Never Do It 
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he started work on this problem he did not take the 
trouble to become thoroughly familiar with all of the 
theories which have been put forth, or the work which 
had been done previously; if he had done so he would 
probably not have made his brilliant discovery. In 
other words he would have known too many reasons 
why diabetes could not be cured. 

There are many other instances where scientists and 
inventors have united in declaring that certain things 
could not be done; and then somebody who had not 
heard of thìs verdict, went ahead and did them, because 
he did not know that they could not be done. 

Almost anyone can give a dozen good reasons why 
certain desired results can not be obtained—but the 
world liberally rewards the man who can give even one 
reason why they can be obtained, and then proves it. 


— — 


OOR commutation can 

be caused by a great 
variety of things. Too 
often in a case of commu- 
tation trouble, the superin- 
tendent is unduly influenced 
by the operator’s report that the brushes are at fault, 
with the result that a competitive brush manufacturer 
is called in to prescribe new brushes. 

This calls to mind the case of a generator furnish- 
ing the direct-current supply to a 5,000-hp. reversing 
motor driving the rolls of a billet mill in a steel plant. 
The duty required of this machine is exceptionally 
severe; hence any slight trouble experienced with the 
commutation of the machine rapidly becomes worse 
until destructive sparking takes place. This machine 
was operated for several years without more than ordi- 
nary trouble. Finally, however, commutation trouble 
set in. It soon got to the point where the commutator 
would flash over and a shut-down and repair work would 
be required. The electrical superintendent decided that 
the brush manufacturer was not making brushes as 
good as formerly and bought a new grade of brushes 
from a competitive manufacturer. The new brushes, 
however, did not function better than the original ones. 
Five more grades from several other manufacturers 
were tried with indifferent results. 

Things were going from bad to worse and as a 
last resort a brush engineer from the manufacturer of 
the original brushes was called in. He diagnosed the 
case as commutator trouble and not brush trouble. He 
directly supervised the job of undercutting the mica and 
grinding the commutator and the job was done in a 
much more painstaking manner than was customary at 
that plant. The brushes were seated accurately. The 
spacing of the brush arms was found to be slightly off; 
so this was corrected. Needless to say no more brush 
or commutator trouble has been experienced with that 
machine. 

Another case is recalled of a commutator on a 
motor-generator set in which four grades of brushes 
were tried before it was discovered that the commutator 
was not thoroughly seasoned and hence after being 
carefully ground, the bars would shift slightly—just 
enough to cause poor commutation. Obviously the 
trouble could be permanently corrected by seasoning 
and regrinding the commutator. 

Instances like these show the time and money- 
saving value of suspecting other things besides the 
brushes when troubles show up at the commutator. 


Don't 


Always Blame 
the Brushes 
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rl Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 
question that you can 
answer from your ex- 


— 


Who Can Answer 
These! 


How Does Change in Speed of Motor 
Affect Horsepower f—I shall appreciate 
it if some reader of INDUSTRIAL ENGINEER 
can answer the following question: 
We have a 3-hp., 3,600-r.p.m. motor 
which we are changing to operate at 
1,800 r.p.m. I should like to know 
what the approximate horsepower of 
the motor will be after this change, if 
we use the same number of turns of 
the same size wire in the stator. 

Enid, Okla. C. E. S 


How Should This Machine Re Placed ?— 
It is common practice to place a pul- 
ley at right angles to a lineshaft 
which, of course, means that the belt 
has no twist in it. However, we have 
a 125-ton press and would like to place 
it in such a position that the pulley on 
this press will be 45 deg. from the line- 
shaft. I should like to know, (1) if 
this is an unusual way of running a 
belt, and (2) how should the machine 
be placed with the pulley in this posi- 
tion, so that the belt will not be con- 
tinually slipping off. 

Philadelphia, Pa. A. T. S. 
$ e $ e 


Trouble with Traveling Cranes—I am 
having trouble with two traveling 
cranes which run on the same track 
and are used for loading and unload- 
ing stone in a mill. One crane is rated 
at 20 tons and the other at 30 tons. 
Each crane has two slip-ring motors 
of about 20-hp. rating, which operate 
at 220 volts, sixty cycles and are con- 
trolled by General Electric starters. 
When both cranes are in operation the 
hookers on the ground get a shock 
every time they touch the chains 
which are used to carry the load. When 
either one of the cranes is idle, the 
men do not get a shock. I have tested 
out all circuits with a magneto and 

Was not able to find any indications of 
trouble. I shall appreciate it very 
much if any of the readers of INDus- 
TRIAL ENGINEER can tell me how to find 
this trouble. 
Bloomington, Ind. H. M. 

$ e e 8 


Why Do These Commutators Turn Black? 
—I am experiencing a great deal of 
trouble from blackening of the com- 
mutators on two E. belt-driven, 
type ML, compound-wound, 125-volt, 
950-r._pm., 13 kw. d.c. generators 
which are used as exciters. After 
smoothing with sand paper, it is only 
a matter of a few hours until the 
commutators are in the same condi- 
tion again. I have tried turning the 
commutators in a lathe and undercut- 
ting the mica, polishing, sanding, us- 
ing Ideal commutator stone and tight- 
ening the commutator. Also, I have 
used four different grades of brushes 
and am now using Speer E-25 brushes. 
There is no sparking at all under 
varying loads. The setting of the 
brush holders was changed from lead- 
ing to trailing and I found that they 
worked best leading. I have tried the 
brushes at different angles and found 
that the best results were obtained 
when they were set at about 80 deg. 

We wipe off the commutators once 
each day with a dry piece of canvas. 
I have checked the brushes for the 


perience. 


neutral position. The tension on the 
brushes is 1% lb. per sq. in. The tem- 
perature seems normal except when 
the commutators get very black as 
they will do if they go about a week 
without sanding. These exciters are 
only two years old and have been in 
actual service about one year each. I 


have had this trouble from the start. 


I shall appreciate it very much if 
some reader of INDUSTRIAL ENGINEER 
can tell me what the trouble is and 
how I may cure it. 

Woodward, Okla. H. J. A. 


Single-Phase Load on Polyphase Meter— 
Will some reader of INDUSTRIAL ENGI- 
NEER please tell me what will be the 
difference, if any, in the real power 
consumption as compared with the me- 
ter reading when a single-phase load 
and a polyphase load are taken from 
one polyphase meter, as shown in the 
diagram. The polyphase load seems to 
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be registered correctly, but will the 
meter register too much when single- 
phase power is used? If so, would the 
same result be obtained on both two- 
phase and three-phase circuits? 
Northampton, Mass. L. G 


Trouble with Collector Rings of Turbo- 
Generator—We have a 2,300-volt, 60- 
cycle, 750-kva. three-phase, 3,600- 
r. p. m. generator driven by a steam 
turbine. We are experiencing trouble 
with one of the collector rings carry- 
ing direct current for excitation. This 
ring develops flat spots and what ap- 
pear to be burned places all around it. 
The other ring has a fine polish with- 
out these spots and flat places. We 
changed the leads from one ring to the 
other and the spotted ring was trued 
up and polished. Then the ring that 
was first in good shape developed 
spots and fiat places in the first two 
days after the leads were changed. 
The brush tension and brushes have 
been checked and we do not believe 
that the trouble is due to the brushes, 
as we are using the manufacturer's 
brushes. The proper exciting current 
is maintained and the rings Beem to 
be true, although two years ago one 
of the rings became very hot and had 
to be reground as it was a little out 
of true. These rings are subject to 
much coal dust and oil vapor, but as 
the different rings spot up and have 
flat places all around them at about 
the same distance apart with the 
changing of the leads, I do not believe 
it is due to dirt. I should like very 
much to hear from others who’ have 
overcome trouble of this sort. 

Zeigler, Ill. E. P. 
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Answers Received 
To Questions Asked 


In the July issue of INDUSTRIAL EN- 
GINEER S. S. gives a sketch of an iron 
bracket or fixture which he contem- 
plates using to support two sets of 
feeders, and asks if there is likely to 
be any inductive or other troublesome 
effect. I can see no reason for not 
using this fixture, as feeders supported 
on the cross member will be in the 
same situation as if they were run 
through a short piece of large diameter 
conduit, while supporting the other 
feeders on the outside of the bracket 
will be, in effect, the same as support- 
ing them on a beam or girder, as is 
commonly done behind switchboards 
and in other station work. 

Denver, Colo. JOHN E. HOLTMAN. 
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Alarm System to Indicate Hot Bearing— 
We have had considerable difficulty on 
some heavy pressure rolls due to bear- 
ings getting too hot before they were 
discovered. I have heard that it is 
possible to use an alarm system of 
some sort for indicating when bearings 
get beyond a certain temperature. Can 
any readers tell me how.a device of 
this sort may be made and installed? 
Gary, Ind. L. M. C. 
In answer to the question asked by 

L. M. C. in the June issue of INDUSTRIAL 
ENGINEER, I would refer him to the ad- 
vertisement inserted by The Automa- 
tic Reclosing Circuit Breaker Company, 
Columbus, Ohio, on page 86 of the ad- 
vertising section of that issue. This 
describes their type TR thermal relay 
which I am sure can be successfully 
applied to L. M. C.’s problem. I would 
suggest that he correspond with the 
above company, stating his problem, 
and believe that they would be glad to 
work out a suitable alarm system which 
would operate when the bearings reach 
a certain temperature. I would like to say 
here that I find INDUSTRIAL ENGINEER to 
be a reliable source of information on 
the problems of both operating and re- 
pair men, and I would not miss an issue 
for anything. 

Birmingham, Ala. 

+ $ * * 


In the June issue L. M. C. asks for 
an alarm system for hot bearings. This 
might be accomplished by installing a 
battery and bell between the lower half 
of the bearing and the shaft. Connec- 
tion to the bearing should be made by 
soldering, and to the shaft with a car- 


Grapy H. EMERSON. 
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bon or copper brush. The upper half, 
or cap, of the bearing, should be sep- 
arated from the base by insulating 
shims, and the cap bolts insulated also. 
Where a perfect oil film exists between 
the shaft and the cap, insulation would 
not be necessary. 

The operation would be as follows: 
With the shaft at rest there is, of 
course, metal-to-metal contact between 
shaft and bearing. In this condition 
the bell would ring unless the circuit 
were kept open by means of a switch. 
With the shaft running, an insulating 
film of oil is formed between shaft and 
bearing and the current would be in- 
terrupted. Should the oil film be 
broken and lubrication destroyed, the 
circuit would be closed and the bell 
would ring. a 

Should L. M. C. try this scheme he 
should, as his share to this contribution, 
report the results to Practical Pete. 
Kansas City. Mo. C. O. SANDSTROM. 

t „ „ x 

Answering L. M. C.’s question in the 
June issue, I would suggest that a 
thermo-couple be placed in the bearing 
shell, or attached to it in such a way 
that it will be directly affected by the 
heat. The leads should be connected 
to a pyrometer, an instrument which 
registers the temperature in degrees. 
On the scale of the instrument place a 
small contact at the point where it is 
desired to have the alarm sound. The 
needle or pointer will be the other con- 
tact. To these contacts connect a bat- 
tery circuit with a small relay in series. 
The relay must have a movable con- 
tact and should be connected to a 110- 
volt lighting circuit. with a bell, horn, 
lamp or other signaling device in series. 
A small electro-magnet with an arma- 
ture bearing a contact may be used in 
place of the relay. 

As the bearing heats up during oper- 
ation the indicator of the pyrometer 
will move across the scale so that the 
temperature can be read in degrees at 
any time. When the maximum allow- 
able temperature is reached the con- 
tacts on the scale will close, which will 
cause the relay to be energized and 
close the alarm circuit. The leads from 
the thermo-couple to the instrument 
should be as short as possible in order 
to keep the resistance down. 

Seattle, Wash. Pau. E. THOMAS. 
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Selection and Application of Carbon 
Brushe an any of the readers of 
INDUSTRIAL ENGINEER give me any in- 
formation on how to choose and prop- 
erly apply the various grades of carbon 
brushes? I should like to know how 
a practical man can by Inspection and 
simple tests choose a suitable brush 
for a job or determine what application 
a certain brush is most suitable for. 
I have seen references to the electroly- 
tic action between brass collector rings 
and carbon brushes and should like to 
know the cause of this action and if 
there are any means of Se 


Smooth Rock Falls. Ont., Can. i 


Referring to the inauiry by W. A. P. 
in the June issue I think that the 
best thing he can do is to get informa- 
tion from the brush manufacturers. 

In general, however, a hard. dry 
carbon brush is best for high voltages, 
say over 230 volts, and for machines 
with high voltage between segments, 
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and not many segments in the commu- 
tator. They are good also where there 
is poor commutation, due to excessive 
armature reaction and consequent 
shifting of the commutating plane or 
neutral point. 

Medium carbon brushes, or carbon 
brushes containing a lubricant, or a 
mixture of carbon with graphite, can- 
not be used on the higher voltages be- 
cause the soft particles rub off and ig- 
nite from the current caused by the 
voltage between segments. They can 
be used to advantage on some machines 
which have low speed and large com- 
mutators, which will have a low volt- 
age between segments. 

In regard to the electrolytic action 
between rings and brushes, I have had 
some experience with this but found 
that it occurred during the peak of the 
wave and only when one set of brushes 
was used. By putting on another set 
in parallel, but 90 deg. from the first 
set, I found that the trouble vanished. 
The second set of brushes was easily 
installed by putting another brush 


holder on the same stud but pointing 


in the opposite direction, which sepa- 
rated the brushes the distance of twice 
the length of the holder. 

Boston, Mass. ` EDWARD A. GIBBS. 
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In reply to W. A. P.'s inquiry in the 
June issue regarding the selection of 
carbon brushes, the first step is to learn 
the properties and uses of the four 
classes of brushes as follows: carbon- 
graphite,  electro-graphitic, natural 
graphite, and metal-graphite. The car- 
bon-graphite class is usually the least 
expensive. The various grades of 
brushes in this class are hard and 
strong with some abrasive action, and 
are adapted for flush mica generators 
or motors where commutation is not 
severe, but where the mechanical serv- 
ice is strenuous. A typical application 
is the series-wound crane motor with 
its frequent stopping and reversing. 
The electro-graphitic class has more fa- 
vorable electrical properties, but has not 
the rugged physical characteristics of 
the first class. Most of the grades in 
this class are entirely non-abrasive and 
accordingly give better results on slot- 
ted commutators. These grades are 
used on machines where commutation 
is severe and where the current per 
square inch of brush cross section is 
high. Typical applications are the d.c. 
side of rotaries and heavy-duty, com- 
pound-wound motors with undercut 
mica. Natural graphite brushes are 
used for still higher speeds and current 
densities where very soft brushes are 
needed to overcome chattering, as on 
turbo-generator field rings. Metal- 
graphite brushes have very low contact 
resistance and very high carrying ca- 
pacity. On account of the former char- 
acteristic they are used on low-voltage 
machines such as electric trucks to 
minimize the voltage loss; due to their 
ability to carry as much as 150 amp. 
per sq. in. thev are invaluable for ap- 
plications such as rotary collector 
rings. 

After determining which class of 
brush should be applied to a machine 
the proper prade can be selected by 
noting the following machine condi- 
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tions: current density in the brushes 
(the load current divided by half the 
number of brushes X the width X the 
thickness); peripheral speed of the 
commutator (.262 X diameter x 
r.p.m.); the extent that commutation is 
a problem (interpole machines have 
less severe commutation than non-in- 
terpole); the condition of the commu- 
tator, whether undercut or flush mica. 

Select a grade with a rated carrying 
capacity at least equal to the current 
density in the brushes; short overload 
periods will be taken care of. The rec- 
ommended maximum surface speed of 
this grade should not be less than the 
peripheral speed of the commutator. If 
the machine is non-interpole or has se- 
vere commutating characteristics the 
grade should have a fairly high contact 
drop to suppress the reactance voltage; 
otherwise a lower contact drop grade 
should be used to reduce the voltage 
loss. Undercut mica machines should 
use a grade with no abrasive action; 
flush mica machines should use a grade 
with enough abrasive action to keep 
the mica flush with the bars. 

The only accurate test to give a 
brush is an actual service test. It is 
difficult to choose the proper brush by 
inspection, since the average individual 
cannot readily distinguish any marked 
difference in the various grades. For 
this reason it is much easier to choose 
a brush to fit a particular machine than 
it is to choose a machine to fit a cer- 
tain brush. 

There is an electrolytic action be- 
tween brass collector rings and carbon 
brushes due to the fact that the current 
passing between them causes an un- 
stable condition. The negative brushes 
will show specks of copper which have 
been deposited from the ring and the 
positive ring will show a carbon deposit 
from the brushes. Heat increases the 
electrolytic action and, accordingly, a 
brush with higher carrying capacity or 
lower friction may remedy the situa- 


tion to some degree. 
Corliss Carbon Co. 
Bradford, Pa. 


L. J. KERLIN. 
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In answer to W. A. P.'s question in 
the June issue, I do not know of any 
simple tests to determine the suitabil- 
ity of carbon brushes. The selection 
of brushes depends on the character of 
the service; that is, whether they are 
to be used on slip rings or commuta- 
tors; the class of motor, such as mill- 
type, traction or stationary; and so on. 
Also, it makes a difference whether 
the motor, if d.c., has a milled or un- 
milled commutator. The current-car- 
rying capacity must likewise be con- 
sidered. 

The National Carbon Co. recom- 
mends from 1% to 2% lb. per sq. in. 
brush pressure for slotted commutators 
on stationary motors and generators 
operating under average conditions, 2 
to 3 lb. per sq. in. for mill and elevator 
motors, 3 to 5 lb. per sq. in. for crane 
motors and 4 to 7 lb. per sq. in. for 
traction motors. For use on undercut 
commutators they recommend the fol- 
lowing grades: for high-speed rotaries 
and turbo-generators, peripheral speed 
above 5,000 ft. per min., Nos. 257 and 
634; for stationary motors, generators 
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and rotaries with peripheral speed be- 
low 5,000 ft. per min., No. 255; for mill 
and elevator motors, No. 401; for crane 
motors, No. 401 or No. 407; for rail- 
way or traction motors, Nos. 203, 222, 
255, 401, 402, 407. 

For motors with unmilled commuta- 
tors an abrasive brush should be used 
in order to keep the mica worn down 
flush with the commutator bars. In 
general, carbon and graphite brushes 
are used for average applications; pure 
graphite brushes are used to secure 
high current capacity with lubricating 
qualities, and carbon-metallic brushes 
are used for slip rings. 

I believe W. A. P. could secure in- 
formation on the electrolytic action of 
carbon brushes and brass slip rings 
from the manufacturers of carbon 
brushes, who have, I presume, means 
of determining such action. The test- 
ing of brushes calls for much experi- 
menting and I am sure that the reli- 
able brush manufacturers carry on 


these experiments. 
Birmingham. Ala. Grapy H. EMERSON. 


R è & g 


Winding Data for Transformer of Rec- 
tifer—Can some reader of INDUSTRIAL 
ENGINEER tell me how many turns 
there are on the transformer of a 5- 
amp. Tungar rectifier? I dismantled 
my rectifier some time ago and have 
lost the winding data. 

Valparaiso, Ind. A. T. M. 

In answer to A. T. M.’s question in a 
recent issue, I am giving the winding 
data for the transformer of a 5-amp. 
tungar rectifier which can be used on a 
110-volt alternating current circuit for 
charging a storage battery at six or 
twelve volts. The winding is the same 
for 25 or 60 cycles, but the core is 
different. 

The diagram shows the number of 
turns and the method of connection. 
Sections (A), (B), (C) and (D) are 
wound with No. 16 wire; (E) and (F) 
are wound with No. 10 wire and (G) is 
wound with No. 6 wire, or rectangular 
wire of the same area. 

It is best to wind sections (E) and 
(F) first, and wind (G) on top of them. 


Winding data for 5-amp. rectifier. 


The numbers opposite the sections of 
the winding give the number of turns 
in each section. 
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The sections should be wound carefully 
in layers on account of the small space 


between the core legs. 


Duluth, Minn. FRED LARSEN. 
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What Causes This Motor to Spark at 
the Brushest—I have a 35-hp., four- 
pole, shunt-wound motor that drives 
a fan. The armature has seventy coils, 
lap-wound. Under load this machine 
draws 280 amp. at 115 volts and has 
always sparked viciously. The brushes 
are of the Bayliss type and I find the 
neutral point with a voltmeter as 
closely as one can. When I stone the 
commutator down the motor runs 
satisfactorily for a day or so and then 
sparking begins and the commutator 
develops low bars and seems to flatten 
or sink. 

I am wondering if this armature 
was designed for a four-pole machine, 
as it has seventy bars and coils, This 
number is not divisible by four with- 
out a remainder and thus throws the 
neutral point in the center of a bar. 
I shall be very grateful if some reader 
can explain what causes the sparking 
and tell me how I can overcome it. 
New York, N. Y. C. E. K. 
In answer to C. E. K. in the March 

issue, the commutator of this 35-hp. 

motor likely has loose bars, which 
lower just enough to catch the toe of 
each brush. As the brushes are of the 

Bayliss type they are set with the toe 

against the direction of rotation. The 

bolts at the end of the commutator 
should be drawn up tightly and the 
bars turned down in a lathe. If the 
motor is not overloaded and each stud 
carries its full quota of brushes with 
sufficient contact area, all set at the 
proper angle, the sparking will not 
appear. The Bayliss Co. will gladly 
recommend the proper size and number 
of reaction brushes for a 35-hp. motor, 
if our correspondent will give them all 
the data needed, as to motor and load. 
New Britain, Conn. H. S. RICOH. 
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In reply to C. E. K.’s question in the 
March issue of INDUSTRIAL ENGINEER, 
if the motor pulls a current of 280 
amp. at 115 volts, it is evidently over- 
loaded, or else has an efficiency of only 
81 per cent. A motor of that size 
should have an efficiency of somewhere 
near 95 per cent and would then draw 
239 amp. at 115 volts. 

It would be well to take a reading of 
the voltage at the motor terminals to 
ascertain for sure whether there is a 
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full 115-volt supply. A low voltage 
would eause the motor to take an in- 
crease in current. From the descrip- 
tion of the trouble given, the indica- 
tions are that there is either a high- 
resistance connection or an open circuit, 
usually in the armature circuit. 

If only certain bars seem to flatten 
or sink, the trouble is usually a high- 
resistance connection where the riser 
connects to the commutator bar or 
where the armature conductor connects 
to the riser or commutator bar. Or 
the coil connecting to the sunken com- 
mutator bar may be found to be open. 

However, if all the bars seem to burn 
the brushes may not be making good 
contact with the commutator or may 
not be of sufficient carrying capacity, 
or the field poles may not be of equal 


strength. 
Muncie, Ind. GEORGE CROPPER. 
* „ „ $ 
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Lining Up Gears and Pinions—I would 


like to know some of the methods that 

readers of INDUSTRIAL ENGINEER use in 

lining up spur and bevel gears. How 
can I tell whether the gears and 

Pinions are meshing too deeply or not 

deeply enough? I know how it should 

be done theoretically, but I would also 
like to know how it is done practically, 
out on the job. 

Youngstown, Ohio. H. H. 

Answering the question by H. H. 
in the May issue of INDUSTRIAL ENGI- 
NEER, first line up the shafts in their 
approximate position horizontally, with 
a spirit level placed on some part of the 
shaft. The level may be placed near 
the ends, with the pinion and gear re- 
moved. To line them both at the same 
height place the level across both, if 
the shafts are of the same diameter. 

If they are not of the same diameter 
it will be necessary to shim under the 
level on the smaller shaft an amount 
equal to one-half of the difference in 
the diameter of the two shafts. If the 
level is not long enough to reach across 
the shafts a straight-edge may be 
placed under the level. The shims used 
should be of uniform thickness and per- 
fectly flat so that a sidewise movement 
of the machines will not alter the hori- 
zontal line-up. Put the gears on and if 
necessary to move the machines mark 
the shims so that they will go back in 
the same place. 

Set the gears in mesh as closely as 
possible with the eye and bolt the ma- 
chines down firmly, using two bolts or 
lag screws 1-16 in. or % in. smaller 
than the holes in the base. Then take 
two pieces of string or wire solder, one 
on each end of the teeth, and run them 
in between the gears at a right angle 
to the teeth, turning the machine by 
hand or with a bar. The thickness of 
the pressed portion of the two pieces of 
solder may now be measured by a mi- 
crometer or calipers. If they are the 
same thickness the gears may be con- 
sidered to be lined up accurately 
enough for any ordinary conditions. If 
both pieces of solder are not pressed 
alike one machine should be moved 
slightly and the test repeated until they 
come right. 

The thickness of the solder is also 
an indication of the correct spacing or 
clearance. The formula for clearance 
is 0.157 diametral pitch. Feelers 
may be used in place of the solder to 
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check the clearance if the gears are 
large enough to allow this to be done. 

It is well to recheck each shaft for 
horizontal line-up and if this is all right 
the remaining bolts may be put in, full 
size, and the machines doweled, if prac- 
ticable, to insure future alignment. 

If the gears are very small the sol- 
der may be flattened out before run- 
ning it between the teeth. If large 
gears are being tested two or more 
pieces of solder may be twisted tightly 
together like a rope. If care is taken 
to line the shafts perfectly horizontal 
in the first place the method described 
above will be found to be very accurate, 
requiring a minimum of tools, mistakes 
and figuring. CHESTER A. WILLIAMS. 


Electrical Department, 
Providence Gas Co. 
Providence, R. I. 
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Replying to H. H.’s question in the 
May issue of INDUSTRIAL ENGINEER, 
most of the gears made today are cut 
involute, which gives a true rolling mo- 
tion of one tooth upon another, regard- 
less of the depth of engaging. How- 
ever, where a gear train is subject to 
reversing or when it always revolves 
in the same direction but the driven 
wheel shaft is braked in stopping, 
backlash is objectionable and causes 
breakage due to crystallization of the 
teeth. 

Cut gears should be meshed as 
closely as possible by bringing them to- 
gether square across the face. Using 
a strip of tissue paper about 0.002 in. 
thick and a little wider than the face 
of the gears the alignment and depth 
of the teeth engaged can be checked. 
The paper, a few inches long, is placed 
in a tooth and the gears slowly rotated 
by hand, pulling the paper through 
between the teeth. By observing the 
imprint on the tissue paper, a little ex- 
perience will soon show if the tooth 
bears against the one adjacent over the 
full face and depth. If an extremely 
accurate meshing of the teeth is re- 
quired, thinner paper may be used and 
the gears closely adjusted to produce 
a slow humming noise when operating 
at speed. Then, by mixing some fine 
powdered emery, No. 00 or No. 0, with 
a good lubricating oil and using this 
between the gears, operating them at 
slow speed, a very good meshing of 
teeth and quiet running will be ob- 
tained. ' E. H. LAABS. 


Engineer, Printing Equipment Dept., 
The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Winding Data for Washing Machine 
Motor—Can some reader supply me 
with the winding data for a Westing- 
house washing machine motor? Ac- 
cora nE to the nameplate this is a 

e. 1,700 r.p.m., motor, 220-110 

„ 2-4 amp. The laminations are 

6% in. in diameter; the inside bore 

is 3% in. and the axial length of the 

core is 2% in. There are twenty-four 
slots, % in. deep and &% in. wide. The 
teeth are % in. wide at the top and 

„ in. wide at the base. This motor 

employes a starting winding. 

appreciate any information which you 
can give me. 

Hercules, Calif. S. McP. 


Replying to S. McP.’s question in the 
March issue for the winding data of a 
washing machine motor, the accom- 
vanying record card gives the data for 
a similar 36-slot motor, from which the 


I shall ’ 
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RO SR Springs | as Schools 


Springs 


oming. 


!! ĩͤ 


Main Winding 82722 
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Starting Winding 


Di stribu ton a 
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95 70 
tule No. 29 


Discription of Job cycle 60 continuous 50°C. Amps. 3.8 


RPM. 1725 frame 544 AC. 
Starting J! turns per cod 

Pain Winding 44-28-86-28 turns 
Materials 


ver Coll 


Time-Hours 
Form A-} 


Record card for winding data of 
Westinghouse washing machine 
motor. 


data for the 24-slot motor can be 
worked out. CHARLES F. CAMERON. 
Instructor, Electrical Dept., 

Rock Springs High School, 

Rock Springs, Wyo. 
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Rewinding 6-Volt Motor for 110 Volts— 
I have a Gray & Davis 6-volt d.c. motor 
which I would like to convert into an 
electric drill to operate on a single- 
phase, 110-volt, 60-cycle circuit. Is it 
possible to rewind this motor? It is 
equipped with a brush rocker and 
brush spacing device. 
Logansport, Ind. L. E. G. 


L. E. G. states in the May issue that 
he wishes to rewind a 6-volt, d. c. motor 
to make a drill for operation on 110 
volts, 60 cycles. An article by the 
writer in the May issue will suggest 
why this is not worth trying. Spe- 
cifically the reasons are: (1) The field 
frame would become very hot because 
it is not laminated and the alternating 
magnetic flux would set up destructive 
eddy currents. (2) The number of 
commutator bars satisfactory for a 
6-volt motor is not at all suitable for a 
110-volt a. c. series motor. (3) Very 
little power would be developed during 
the few minutes that the motor would 
operate before burning up. 

Electrical Engineer, E. L. CONNELL. 


Van Dorn Electric Tool Co., 
Cleveland, Ohio. 
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Why Does This Watt-Hour Meter Run 
Backwards?—I have a 150-kw. motor- 
generator set driven by a synchronous 
motor which is operated from a 2,200- 
volt line. When the set is started why 
does the watt-hour meter run back- 
wards? The fact that it does run back- 
wards surely does not mean that no 
power is used in starting. (2) When 
this machine is running at no-load 
should the ammeter on the exciter be 
adjusted so that the watt-hour meter 
runs very slowly, or so that it stands 
still? (3) When the watt-hour meter 
runs backwards, as mentioned, what is 
the cause of the trouble and what will 
be the effect? Willit harm the machine 
in any way? I shall appreciate any 
information which your readers can 
give me on these points. 

Beaverdale, Pa. M. A. L. 


Name 


Answering M. A. L.’s question in the 
May issue, (1) the fact that the watt- 
hour meter runs backwards when the 
motor-generator set is started is a def- 
inìte indication that the meter is incor- 
rectly connected. Assuming that the 
meter is three phase, it means that one 
of the elements should have its connec- 
tions reversed. Of course, power is 
used in starting as well as when the 
motor is operating under load, but the 
fact that the power factor is low and 
one of the meter elements is reversed 
causes the element which is revolving, 
or tending to revolve, in a backward 
direction to overcome the tendency of 
the other meter element to move ahead, 
and thus results in a backward rotation. 
It is also assumed that the meter is of 
the polyphase type, that is, all in one 
case, with the elements on one shaft. 
Reversal might be caused by a blown 
potential fuse in one of the meter ele- 
ments, but I presume that this point 
has been checked. 

(2) At no-load the field rheostat of 
the motor should be adjusted so that 
the motor current is at its minimum 
value; that is, either lowering or rais- 
ing the exciter current from this value 
will cause the motor current to increase. 
With the motor current at its minimum 
value the watt-hour meter will run very 
slowly, but will never stand still if it 
is correctly connected. 

(3) As stated in (1) the meter runs 
backwards because it is incorrectly con- 
nected and the only real effect will be 
to give a wrong registration of the 
energy consumed. 

It is assumed in the foregoing that 
there is an ammeter available so that 
the current put into the motor at 2,200 
volts can be read. Definite assurance 
of the correctness of the watt-hour 
meter connections can be obtained by 
operating the motor either at no-load 
or under load at a number of values 
of field current which will, of course, 
be the same as the exciter current if 
the machine is direct-connected. 

C. OTTO voN DANNENBERG. 


The J. G. HAS Engineering Corp., 
s Y: 


New York 
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The object of this department is to give details of build- tale — math 
ing maintenance procedure and best practice in safety 9 hy 
work. Articles on ways of handling natural wear and tear Re ee ad 1 

or other depreciation, repair methods, rebuilding, ex- 

tensions, cleaning and painting operations will always 

be welcome. 


Special Constructed Foundation 
for Vibrationless Operation 


HE PROBLEM of building a foun- 

dation which would not transmit 
any vibration or hum into the building 
was successfully met in the installation 
of a steam turbine in a large New York 
City hotel. Usually preference has 
been given to reciprocating engines for 
such installations where noiseless oper- 
ation is required. The engineers of 
this hotel preferred to use turbines, if 
it was possible to do so, and were con- 
vinced that if the machines were prop- 
erly installed, their slight hum could 
be suppressed. The method used to 
construct the foundations may be of in- 
terest to others who might be called 
upon at some time to solve a similar 
problem in a school, or hospital or office 
where quiet operation is desired. 

The equipment consists of three 
200-hp. non-condensing Westinghouse 
turbines, each of which drives a 200-kw. 
250-volt, direct-current Westinghouse 
generator. Special attention was 
given to the turbine foundations in 
order to prevent the vibrations of these 
high-speed machines from being trans- 
mitted to the structure of the hotel. 
The foundations were to consist of a 
concrete block which was to rest on a 
2-in. bed of sand and was to be sepa- 
rated from the building’s foundations 
by a thick layer of cork on three sides 
and an open space on the fourth side. 

In spite of these precautions, how- 
ever, the turbines could be heard in 
many parts of the hotel as soon as they 
were started up. The engineers made 
a thorough examination of the installa- 
tion and soon located the trouble. In 
pouring the concrete block, the cement 


Details of the construction of a vi- 
bration-proof foundation. 


When it was desired to insulate a 
steam turbine foundation from the 
building so that no vibration would be 
transmitted this insulated box was con- 
structed and the concrete poured into it. 
The inner waterproof coating is five- 
ply instead of three-ply as indicated 
here. 
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had leaked out into the cork and the 
sand, and had formed a solid mass, thus 
destroying the sound-absorbing cushion 
that had been prepared. 

These defective foundations were 
therefore torn out and new ones, as 
shown in the accompanying sketch, 
were laid. The bed rock was levelled, 
brought to an even surface with ce- 
ment and the four sides enclosed with 
8-in. brick walls up to the floor finish, 
the walls and floor of the “box” were 
then waterproofed on the inside with 
five-ply felt and pitch. A 2-in. layer 
of hair felt was placed on this bed, with 
a 2-in. layer of compressed cork on top 
of that. Then came another layer of 
felt which was covered by alternate 
layers of cork and felt so as to make an 
insulated box on the inner wall of the 
foundation pit. 

These same six layers of insulation 
were carried up the face of the brick 
walls to the floor level as well as on 
the bottom. The interior surface was 
again waterproofed with five-ply mem- 
brane felt and pitch which was carried 
over the top edge of the side-wall insu- 


lation. Into this insulated and water- 
proof box, concrete blocks were care- 
fully poured. These extended over the 
side wall insulation, with a brass drip 
cast into the foundation. 


East Pittsburgh, Pa. H. H. LUPINSKI. 
Westinghouse Electric & Mfg. Co., 


Wood Blocks Prevent Accidental 
Closing of Switch 


S A MEANS of preventing knife 
switches from being closed when 
repairmen or inspectors were working 
on motors or other equipment, I used 
to employ little blocks of hard wood 
which had a hole drilled in them and 
were then chiseled out to fit well in 
the clip of the switch, and tightly 
enough so that they would not fall off. 
When a machine was to be shut down 
for repairs, I would slip these blocks 
on each clip and as an extra precau- 
tion would close the knife blade against 
the blocks. 
When making these blocks the hole 
should not be drilled all the way 
through, but only as deep as the clip. 
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A separate set of blocks is, of course, 
required for the various sizes of 
switches. 


A piece of string can be fastened on 


each block and the sets of various sizes 
kept together on nails in the mainte- 
nance department. 

Oakland, Calif. S. H. SAMUELS. 
, 3 
Suggestions on 


Making Shop Floors That Last 
Under Trucking 


OR MANY purposes new and even 

concrete floors are most satisfac- 
tory for the shop, particularly when 
there is much transportation of mate- 
rials. It is not so satisfactory a floor 
as regards installation of machine 
equipment or where working on break- 
able materials, such as castings, which 
may be dropped and broken. The wear 
on a concrete floor, by truck wheels, 
however, eventually occurs in an 
amount depending on the preliminary 
treatment of the concrete. Any small 
crack or slight crevice causes the steel 
truck wheels to bump and under these 
circumstances ordinary concrete tends 
to crumble rapidly. 

Floors worn to this condition are 
expensive to repair because resurfacing 
with a rich mixture of cement is pos- 
sible only by removal of one to two 
inches of the top surface to obtain a 
bonding surface sufficiently clean and 
clear of grease to which the top coat 
will adhere and have body enough to 
withstand pounding of the truck wheels. 
While this method has been used in 
one large plant, it was found neces- 
sary, after three years, to remove the 
concrete in the path of the trucking 
for the entire depth and rebuild that 
section of the floor. 

To prevent this rapid wear another 
plant has adopted for the concrete floor 
a surface treatment which consists of 
several coats of boiled linseed oil 
thinned with gasoline. This mixture 
apparently penetrates the pores of the 
concrete and forms a gummy bond 
which resists wear, as the floor has 
given six years of service and still is 
in good condition. An additional ad- 
vantage is that this floor is practically 
free of dusting, which is objectionable 
in that it is detrimental to open ma- 
chinery. 

Wooden floors laid over concrete 
have protective qualities which are de- 
sirable in many machine shops. Break- 
age of parts dropped on them is infre- 
quent; they are sound deadening to a 
large extent and considerably more 
comfortable from the workman’s stand- 
point. Ordinarily wooden floors wear 
for long periods when the trucks are 
run mostly in line with the grain of 
the wood. Splintering is only appar- 
ent with heavily loaded trucks or after 
long use. Oak flooring will splinter 
more rapidly than maple, which is pos- 
sibly the most desirable of any of the 
woods for shop floors. In placing shop 
floors, the practice generally is to use 
a double floor with the upper section 
laid at right angles or across the un- 
der surface. To repair any splintered 
floor, the top section of the floor is 
removed and replaced with new mate- 
rial. When it is evident that truck 
paths are across the grain, thus caus- 
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ing rapid splitting or splintering of the 
wood, the floor may be repaired by 
placing the top section longitudinally 
to the truck paths, regardless of the 
sub-flooring. 

In some shops where the combination 
of wear and weather at the edges of 
the entrance doors causes rapid de- 
struction of the wooden flooring a spe- 
cial concrete mixture has been adopted 
with considerably more success than 
was had with the wood. This repair 
consists of the entire removal of the 
wood, laying a 10-in. tamped cinder 
bed and filling for a depth of 8 in. with 
cement, iron dust and sand in the pro- 
portions of 20 parts of iron dust to 


393 


100 of cement and 200 of sand. This 
cement has shown remarkable resist- 
ance to wear, is waterproof and pro- 
vides a good gripping surface for 
rubber-tired motor truck wheels, and 
the steel wheels of the hand trucks. 
Likewise it affords a dependable foot- 
ing for stepping on in wet weather, as 
it is not slippery at any season. 
Washington, D, C. A. LUER8S. 

[Nore: The Editors would appreci- 
ate comments from readers on their 
experience in repairing wooden and 
concrete floors to take care of trucking 
wear. Should trucking be with, across 
or diagonal to the grain of wooden 
floors ?] 


Practical Safety Pointers and Possible Penalties Inflicted on 
Those Who Take a Chance 


By H. S. RICH 
New Britain. Conn, 
Wuih his own illustrations. 

(1) One of the most dangerous 
things about a plant is an exposed gear 
on a machine in operation, for when it 
once gets a hold on a person’s limb or 
clothing there is no getting away from 
it. A belt on a pulley may slip off or 
break just as some large obstruction 
gets caught under it, but not so with a 
gear; it just grinds and crushes away 
unmercifully. 

An oiler or some mechanic may have 
his hand resting on a gear, not think- 
ing about how easy it is to get hurt, 
when suddenly, somebody starts the 
machine, and quick as a wink, that 
hand is caught. Keep your hands off 


gears, even when idle. Gears should 


be entirely encased with some provi- 
sions for opening the guard to be safe. 

(2) A ladder without sharp spurs 
is a risky thing on a smooth, oily or 
wet floor. A ladder with spurs can be 
held securely on a smooth floor by rest- 
ing it on a wide board. A few small 
nails only are needed to hold it. 

(3) A pulley with a protruding key 
is also quite dangerous, and will wind 
up a person’s clothing in jig time, per- 
chance it gets a grip. Drive keys in 
until they are tight and cut them off 
flush or round the end over with a file. 

(4) A belt with metal or wire fast- 
enings is liable to get hooked on your 
clothing or the waste in your hand if 
in the danger zone. A belt with a loose 
inside flapping edge will also give your 
hand an awful rap, while applying belt 
dressing. 


394 


5 


Electrical Service 


INDUSTRIAL ENGINEER 


Vol.82, No.8 


For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec 


tion, overhauling, testing or special installations. 


Around the Works 


Easily-Made 
Trip Coil For Remote Control 
Of Motors or Feeders 


FTEN it is desired to stop a motor 

or open a circuit from a distant 
point and yet not run heavy leads to 
the desired point. Also, in the case of 
a motor driving a group of machines, 
it is frequently necessary to be able to 
stop the motors from several different 
points. If the motor or circuit is con- 
trolled by a circuit breaker, the trip 
coil herein described may prove to be 
the solution of the problem. 

In Fig. 1, the trip coil is shown 
mounted on brackets below the over- 
load trip latch of the circuit breaker. 
The plunger of the trip coil rises and 
hits the latch of the circuit breaker, 
thus opening the circuit. In Fig. 2 the 
construction and dimensions of the trip 
coil are shown. As can be seen, the 
spool is made of brass. The cylindrical 
portion of the spool is insulated with 
three to five layers of varnished cam- 
bric and the inside ends of the spool 
are covered with four or five layers of 
paper 0.010 in. thick. The spool is 
wound full with magnet wire. For use 
on 110-volt supply, use No. 29 wire; 
for 200-500-volt supply, use No. 32 
wire. | | 

The plunger is made of mild steel and 
has a hard wood extension at its upper 
end long enough to reach the trip latch 
of the circuit breaker. 

The connections of the trip coil are 
very simple. One end of the coil is 
connected to the motor side of the cir- 
cuit breaker. The other side of the coil 
is connected to a switch located at the 
desired control point. The other side 
of the switch is connected to the motor 
lead òf polarity opposite to that of the 
line wire in which the circuit breaker is 
placed. Hence, when the control switch 
is closed, the trip coil is energized and 
the circuit breaker opened. The circuit 
breaker opens the circuit through the 
trip coil as well as through the motor 
or feeder; hence as long as the control 
switch is closed, the circuit breaker will 


remain open. The trip coil may be 
controlled from several different points 
by connecting control switches in paral- 
lel with the first one. This feature is 
of particular value when it may be nec- 
essary to shut down the drive in an 
emergency, for the control switches can 
be located at convenient points. 

The trip coil and switch may be used 


Fig. 1—This trip coil can be easily 
applied to any circuit breaker. 


The coil is shunted across the line 
through a control switch and when 
energized the plunger will strike the 
trip latch and thus open the circuit 
breaker. 


as a safety feature. When only one 
control switch is used, it may be en- 
closed in a box with a hasp and lock 
on it. With the switch closed and the 
box locked no one, except the man with 
the key to the box, can start the mo- 
tor, inasmuch as the circuit breaker 
will not stay closed as long as the con- 
trol switch is closed. This will prevent 
starting the motor while some one is 
working on the drive. 

I have used this coil for several years 
and have had very little trouble with 
it. It can be used on 220, 440 or 500 
volts alternating current or direct cur- 
rent without any change in connections 
or the winding of the coil. For 110 
volts, the coil works best with the 
larger size of wire, No. 29, mentioned 
above. 

Chief Electrician, ERNEST J. Foro. 


Kewanee Boiler Company, 
Kewanee, III. 


Mild Steel Plunger 


Fig. 2—The spool of the trip coil is 
made of brass. 


The dimensions are shown at the 
left of the diagram. On the right is 
shown the construction of the mild 
steel plunger which is actuated by 
the coil. At the upper end of the 
plunger is an extension made of 
hard wood which should be long 
enough to reach the trip latch of 
the circuit breaker. 
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Keeping Idle Generators Warm 
to Prevent Condensation 


ROM past experience with gener- 
ator winding breakdowns, 

Monson states in the April number of 
the Journal of the American Institute 
of Electrical Engineers that he believes 
many of these breakdowns have been 
due to moisture or water getting into 
the machine, causing concentration of 
corona on the winding where drops of 
water were located. 

Generators may be shut down fre- 
quently from one cause or another, 
such as lack of load, repairs, cleaning 
and the like. If the generator when 
idle is allowed to cool off below the 
room or ingoing temperature, or if a 
generator is of the enclosed type tak- 
ing air from outside the building or 
from the basement and discharging it 
to the outside, heating it up by a quick 
change in temperature either when 
standing still or when started up with 
load will result in the condensation of 
moisture both in the stator and the ro- 
tor, the water dripping all over the 
winding. 

This water is the cause of consider- 
able trouble from corona after the gen- 
erator is started and running with full 
potential. From tests that have been 
made it has been found that these 
drops of water will show fire with rela- 
tively low voltage in the coils and that 
the fire increases in density with in- 
creased voltage. It is thus only a mat- 
ter of time before the winding is in- 
jured sufficiently to break down at its 
weakest point. 

To safeguard against this enemy of 
the generator when idle, it is sug- 
gested that the machine be kept moder- 
ately warm at all times, slightly above 
the temperature of the room or in- 
going air. This can be done in sev- 
eral ways, such as installing steam 
pipes in the air entrance or in the 
shields, by the use of electric heaters 
or by circulating a current through the 
windings. 

— ——— — 


Cutting Over from 3-Wire to 
2-Wire Supply 


ANY factories are wired for 

three-wire, 110-220-volt service 
and have an outside emergency supply 
which is two-wire, 110-volt. A conven- 
ient means for quickly changing from 
one supply to the other is shown in 
the accompanying diagram. The 
scheme shown on the left is for use 
when the outside emergency supply is 
two-wire and the plant system is three- 
wire; the scheme on the right is for 
use when the outside supply is three- 


V- ice 


By means of the three-pole, double: 
throw switch, transfer of a circuit 
may be made from a three-wire, 
110-220-volt supply to a two-wire, 
110-volt fupply. 
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wire and plant generator is two-wire. 

As can be seen from the diagram, a 
three-pole, double-throw switch is used, 
the middle poles of which are connected 
to the shop or factory circuit which it 
is desired to transfer from one supply 
to the other. On the two-wire end of 
the switch, the two outside switch jaws 
are connected together and to one side 
of the 110-volt line. The center jaw is 
connected to the other side of the 110- 
volt line. When the switch is closed 
on the two-wire side, the shop circuit 
will have 110 volts impressed between 
the two outside wires and the middle 
wire. 

This will supply all of the 110-volt 
equipment operated in the shop. If the 
shop circuit has any 220-volt motors 
connected across the two outside wires, 
this system will not, of course, supply 
them, inasmuch as only 110 volts are 
available and the two outside wires are 
of the same polarity. However, on 
most three-wire, 110-220-volt systems, 
used in factories, only 110 volts are 
taken from the wires; consequently, this 
scheme of transferring from one sup- 
ply to the other will prove very con- 


venient. 


New York, N. Y. DonaLp L. HOARE. 
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Industrial Applications of 
Synchronous Motors 


PERATING men in various indus- 
tries who may be considering the 
possibilities of the use of synchronous 
motors to improve their power factor 
will be interested in the accompanying 
chart. The column at the left lists the 
common industries and the headings 
show the different equipment in each of 
those industries which is best adapted 
to the use of synchronous motors. It is 
interesting to note that in this chart, 
as arranged by the Electric Machinery 
Manufacturing Co., Minneapolis, Minn., 
centrifugal pumps seem to be the type 
of equipment in the largest number of 
industries which is most suitable for 
the application of synchronous motors. 


With this chart an industrial man 
may check the possibilities of the 
use of synchronous motors. 


While this chart shows the equipment 
ordinarily found in these industries 
some special occasions may arise where 
other equipment, which could also use 
synchronous motors, may be in use in 
some particular plant. It is always best. 
however, to refer any installation back 
to the manufacturer of the synchronous 
motor for his recommendations. 
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This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 

ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Easily Made 
Device for Pulling Off Pinions 
and Brake Wheels 


HILE there are many devices on 

the market that are very con- 
venient for pulling off brake wheels and 
pinions, here is one that can be made 
in any machine shop. 

It consists of four parts made of 
steel bar: the jack screw, the cross bar, 
and the two legs which engage with 
the pinion or brake wheel. The jack 
screw shown in the illustration on the 
left is 1 ft. long and 1 in. in diameter. 
The cross bar is drilled and threaded to 
fit the jack screw. The cross bar is 
made from a steel bar 3 in. wide, 3 in. 
thick and 18 in. long. If brake wheels 
larger than 15 in. in diameter are to 
be pulled, the cross bar should be 
longer than 18 in. The cross bar is 
slotted at each end to receive the legs, 
as shown in the left-hand illustration. 
The legs are made of steel bar 1 in. 
thick, 2 in. wide and 12 in. long. The 
ends of the legs are notched as shown 
so as to engage with the brake wheel 
or pinion. Holes 1d in. in diameter 
are drilled in the legs and in the cross 
bar; these holes permit adjustment of 
the device to suit the size of the brake 
wheel or pinion it is desired to pull. 
Bolts 5% in. in diameter are used to 
fasten the legs and cross bars together. 

The illustration at the right shows 
the manner of using the device. Block- 
ing is put underneath the cross bar to 
keep it from turning when the jack 
screw is tightened against the arma- 
ture shaft. The jack screw should be 
tightened with a long-handled wrench; 
a piece of pipe may be put over the 
wrench handle to make it longer. It 
often helps to start the brake wheel if 
the hub is pounded, after tension has 
been applied by tightening the jack 


This device for pulling brake 
wheels or pinions is made from 
steel bar and is adjustable for the 
different sizes of wheels or pinions. 


screw. In very stubborn cases, the hub 
of the wheel may be heated with a 
blow-torch or acetylene flame. 


Chief Electrician, O. C. CALLow. 
Trumbull Cliffs Furnace Company, 
Warren, Ohio. 
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Safety Suggestions for Workers 
Around Shafting 


AFETY SUGGESTIONS for those 

who work about revolving shafting 
are given below. Not only does the ob- 
servance of these make for personal 
safety, through the reduction in the 
number of minor and serious accidents, 
but it reduces maintenance costs 
through avoiding loss of time and 
broken belts. All of these increase 
plant efficiency. 

Don’t have pulleys too close together. 
There should be a space between adja- 
cent pulleys equal to double the width 
of the wider belt used upon those pul- 
leys. 

When a belt is thrown off a pulley 
to remain off for any but immediate 
repairs, it should be hung upon a belt 
perch installed for the purpose. It 
should never hang upon the revolving 
shaft. 

All belts that are replaced on re- 
volving pulleys should be put on with 


a belt stick, or pole. If a belt cannot 
be put on that way, stop the shaft or 
wait until it is stopped and then apply 
it by hand at a speed of not more than 
15 r. p. m. 

Wood pulleys sometimes get chipped; 
usually one of the laminations only is 
knocked out. Such jagged edges are 
as dangerous as projecting set screws 
and should be filled immediately. 

Two pulleys ought never be placed 
together, unless this is done to make 
one wider pulley for one belt only. 
When two belts are run from close-up 
pulleys, breaking of one belt invari- 
ably results in its getting wound up in 
the other one. 

When split pulleys are installed, see 
that the joint edges are evened up. The 
overlapping edge at the joint may 
catch on and tear a belt or cause in- 
jury to the hand of a beltman. 

Inspect belts periodically and repair 
broken fastenings and loosened laps. 

Do not use a ladder against a revolv- 
ing shaft unless it has safety feet and 
top hooks. 

Oil all shaft bearings and as many 
loose pulleys as possible when the 
shafting is not running. 

On pulleys over 16 in. in diameter, 
which are held by setscrews, protect 
the screws by safety collars or other 
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guards. The mere fact that setscrews 
are “within the boundaries of the rim” 
does not remove the hazard where 
there is sufficient space between hub 
and rim for the arm to enter. 

Never work about moving shafts 
with loose clothing, particularly loose 
sleeves. 

Do not thrust arms through spaces 
of a pulley, even though the shaft is 
idle; someone may start it moving. 

DonaLD A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 
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Roller Chain Solves Unusual 
Drive Condition 


NE of the recent improvements 

made in the drive on our balers, 
used for baling scrap metal, leather, 
rags, paper, cotton and the like, was 
to replace the type of chain drive in 
use on the worm shaft drive with roller 
chains made by the Diamond Chain and 
Manufacturing Co., of Indianapolis, 
Ind. An unusual characteristic of the 
drive on these balers is the use of high- 
torque motors which give the chain a 
terrific jerk when starting and then, 
as the bale is compressed, the motor 
slows down until the current is auto- 
matically cut off just before it reaches 
a dead stop. This cycle is repeated 
every time a bale is made. 

Two sizes of balers are ‘used: A 
small baler on which the maximum 
chain pull amounts to 600 lb. and a 
larger baler on which the maximum 
pull amounts to 1,000 lb. The small 
motor develops a maximum torque of 
70 ft.-lb. and we are using a roller 
chain with 5s-in. pitch, % in. wide. The 
larger motor develops a 140-ft.-lb. 
torque and we are using on it a roller 


Three applications of roller chain. 


On the left is the drive on a 42-in. bor- 
ing mill. The motor used is 7% hp., 
1,800 r.p.m. In the center illustration 
the roller chain connects a 5-hp. motor 
with a 50-ton, waste-paper press. On 
the right is a 5-hp. motor driving a 
boring and drilling machine through a 
roller chain. 
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chain with -in. pitch, % in. wide. The 
length of chain varies with the differ- 
ent balers but averages 5 ft. The mo- 
tor sprockets have fourteen teeth and 
the chain speed runs as high as 1,400 
ft. per minute. 

This substitution resulted not only in 
a saving in first cost, but also a saving 
in maintenance costs. The saving in 
first cost amounted to $16.75 per baler. 
This saving of $16.75 per baler plus a 
saving of $2.00 in the cost of the 
sprockets, amounts to $5,625.00 per 
year on our production of 300 machines. 
In 2% years of use we have had only 
one replacement and this was due to 
letting a piece of wood get between 
the chain and the sprocket. With the 
exception of this instance, we have 
not had a cent’s worth of repairs to 
chains or links. 


This drive is subjected to a terrific 
jerk when the motor is started. 


As the load cycle is continued the mo- 
tor slows down under the heavy load 
until the current is automatically cut 
off before the motor comes to a dead 
stop. This chain drive operates a baler. 


The superior results obtained with 
the roller chains are due to the fact 
that they run very satisfactorily under 


adverse conditions. Dust, dirt, and 
poor lubrication are not especially 
harmful. We are so thoroughly sold 


on roller chain that we are now using 
it in our factory to drive machines. 
In this work it is giving excellent serv- 
ice, runs quietly, and has a long life. 
Chief Engineer, A. C. Burrows. 


Economy Baler Company, 
Ann Arbor, Mich. 
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or improved methods. 


The Drying Through of Baking 
Insulating Varnishes 

HAVE read an article appearing in 
1 the July issue of INDUSTRIAL ENGI- 
NEFR entitled, When Analyzing Coil 
Insulation Troubles,“ by H. L. Hazel- 
tine, Engineer of Insulation, The Ster- 
ling Varnish Company, Pittsburgh, Pa. 

I feel that it is unfair for manufac- 
turers of insulating varnishes to make 
such statements as appear in the ar- 
ticle, under the sub-heading of Baking 
Varnishes, page 333. Under this head- 
ing the writer states: 

“Some materials have been sold on 
the claim that they will dry from the 
inside out and that, therefore, drying 
can be obtained all the way through. 
These materials have not been a suc- 
cess as it has been definitely proved 
that they will also form a skin, over 
the outside surface, and when such a 
skin is formed the oxidation of the var- 
nish base is stopped. Rather than se- 
lect a material which must be sold by 
false claims it is much wiser to see 
what can be done towards remedying 
the difficulty by a proper method of 
treating the coils after the varnish has 
been applied.” 

In our advertisements we make the 
statement that “Chinalak Black—bakes 
through.” The writer has been con- 
nected with the manufacture and sale 
of insulating varnishes since 1897 and 
has tried to keep abreast of technical 
developments in the art. We were the 
first company in this country, or in 
the world for that matter, to make use 
of China wood oil exclusively in the 
manufacture of insulating varnishes. 
Our products carry the experience of 
many years, are carefully made and the 
best raw materials obtainable are used 
in their manufacture. 

My chief objection to this reference 
is the positive statement, without sub- 
mission of proof, that certain things 
cannot be done, followed with the inti- 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 
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mation that anyone making such claims 
is selling his product under false pre- 
tenses. The writer of the article may 
say that he does not refer particularly 
to our product, but so far as I know 
cur company only, has come out and 
made the positive statement that we 
supply a varnish that “dries through,” 
and we stand ready to prove this to 
anyone who is legitimately interested. 
President, JohN C. Dol. u. 


John C. Dolph Company, 
Newark, N. J. 
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Simple Tool for Screwing in or 
Removing Stud Bolts 


HILE various types of stud tools 

are in use, these invariably re- 
quire some form of separate threaded 
block and a loose wrench for driving or 
removing the stud. 


The tool is made in the form of a 
T-wrench. In the socket is a taper 
pin which serves to keep the stud 
from jamming in the tool when it 
is being tightened or loosened. 


Vol.82, No.8 


A simple tool which is designed to ac- 
complish the separate operations of 
screwing in or removing a stud bolt, is 
shown in the accompanying illustration. 
As may be seen this tool is made up 
as a T-wrench which is threaded to 
agree with the stud. At the bottom 
of the threaded opening is a driving 
taper pin, the purpose of which is to 
hold the stud from screwing too tight 
in the socket. By driving this taper 
pin in solid with the hammer when the 
stud is screwed up to it the stud bolt 
is held firmly and can be screwed in or 
out of place without loosening. The 
stud is readily released so that it may 
be screwed out of the T-wrench by a 
single blow of the hammer on the 
small end of the taper pin. 
Washington, D. C. G. A. LUERS. 


Four-Speed 
Motor Changed to Single Speed 
and Different Voltage 


LARGE manufacturing company 

had a 10-hp., 220-volt, three- 
phase, 60-cycle, four-speed (600-900- 
1,200-1,800 r.p.m.) motor that was not 
being used. When a call came in fcr a 
10-hp., 440-volt, 900-r.p.m. motor it was 
decided to investigate the four-speed 
motor and determine whether the 900- 
r.p.m. winding could be reconnected 
for 440 volts. 

Four-speed motors have two sepa- 
rate windings, each winding giving two 
speeds; that is, one winding is arranged 
to develop 900 and 1,800 r.p.m., with 
four and eight poles and the other 
winding gives 600 and 1,200 r.p.m., with 
six and twelve poles. 

Investigating the bottom or four- 
and eight-pole winding, it was found 
that the four-pole (salient) winding 
was connected series-delta, seven leads 
being brought out as in diagram (A). 
The coil pitch was 1-and-10, which is 
50 per cent pitch for four poles and 
seventy-two slots. The winding was 
found to be arranged in twelve groups 
with six coils in series per group and 
four groups per phase. The winding 
consisted of eight turns of two No. 15 
silk-and-enameled wires in parallel. 
Notice that in diagram (A) the arrows 
on adjacent pole-phase groups point in 
different directions. For the eight-pole 
winding the leads are changed as shown 
in (B), which gives an eight-pole (con- 
sequent pole) winding; or, in other 
words, four pole-phase groups develop 
eight poles. The connection is changed 
to two-parallel star on the eight-pole 
winding and arrows on all pole-phase 
groups point the same direction. 

Since it was desired to operate this 
motor on a 440-volt line, and at 900 
r.p.m. it meant that the motor must be 
reconnected series-star for 440 volts, 
and still maintain the eight-pole (con- 
sequent pole) winding. From a study 
of the small diagram under (B) it will 
be seen that by opening connection (14) 
between groups (12) and (3), and also 
jumper (1) between groups (6) and 
(1), and then connecting the end of. 
group (6) to the beginning of group 
(3) and bringing out a lead from the 
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beginning of group (12) and calling 
the end of group (9) the star connec- 
tion, we will put all four pole-phase 
groups of one phase in series as is 
shown in the small diagram under (C) 
and also maintain the proper polarity 
of each pole-phase group. The same 
thing can be done to the other phases. 
This will give a series-star, eight con- 
sequent-pole winding for 440 volts. 
The resulting series-star connection 
is shown in (C). The groups are num- 
bered the same as in (B) and the 
heavy figures show where the lead 
jumper has been opened and changed 
to a group jumper. Also leads (14), 
(15) and (16) are still attached to the 
beginning of groups (12), (4), and (2) 
as in diagram (B). One end of lead (12) 
is used as a star connection, as is also 
lead (1). Lead (17) is not changed. 
With this connection six leads can be 
brought out and the star connection 
made outside, or the star connection 
can be made inside the motor and only 
three line leads brought out. When 
using only one winding be sure that the 
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and En wire. 
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other winding is open-circuited; other- 


wise the eight-pole winding will set up 


a current in the six- and twelve-pole 
winding by transformer action. 

The motor was reconnected as shown 
in diagram (C) and ran satisfactorily 
for a long period. When the motor fin- 
ally burned out it was decided to re- 
wind it and only put in one winding, 
thus doing away with the unused wind- 
ing. It was rewound for a rating of 
10 hp., 440 volts, three phase, 60 cycles, 
900 r.p.m., and eight poles. As stated 
before, the four- and eight-pole wind- 
ings consisted of seventy-two coils of 
eight turns of two No. 15 silk-covered, 
enameled wires per coil, pitch 1-and- 10, 
or 100 per cent pitch for eight poles. 


Diagram (A) shows the original 
900-r.p.m. winding while (B) shows 
the connections for 1,800 r.p.m. 


In (C) the connections are changed so 
as to give 900 r.p.m. at 440 volts 
instead of 220 volts. Later when the 
motor was entirely rewound, the wind- 
ne and connections shown in (D) were 
used. 


1 12 13:14 15 16 17 


8 Poles 
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With the eight consecutive-pole, 440- 
volt, series-star connection, there 
were four groups of six coils per group 
or twenty-four coils in series per phase 
and each coil had eight turns. Then 
the number of turns per phase is equal 
to (8x24) = 192. On rewinding the 
motor, it was decided to group and 
connect the winding in the standard 
manner; that is, with eight salient poles 
or twenty-four groups of three coils 
per group. Then, using eight turns 
of two No. 15 silk-covered and enam- 
eled wires per coil, the same as before, 
the number of turns per phase would be 
(838) = 192, or the same as with 
the consequent-pole grouping. 

Since the coils of the original four- 
and eight-pole winding were wound 
with eight turns of two No. 15 wires 
in parallel and since there were two 
coil sides per slot, this winding had a 
total of (2x82) = 32 wires per slot. 
The coils of the original six- and 
twelve-pole winding were wound with 
ten turns of two No. 15 wires in paral- 


` lel and since there were two coil sides 


per slot, this winding had a total of 
(2102) = 40 wires per slot. Hence 
each slot contained four coil sides with 
(32+40) = 72 No. 15 wires. 

With the single winding there would 
be only (282) = 32 wires per slot; 
therefore we can use eight turns of 
three No. 15 silk- covered, enameled 
wires per slot. This would make a 
cooler running motor. ° 

The final rewinding data was eight 
turns of three No. 15 silk-covered, en- 
ameled wires in parallel, pitch 1-and- 
10, connected series-star, as in (D). 
Detroit, Mich. A. C. RoE. 
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Wire Solder 
May Be Used as French Curve 


In Emergency 


ECENTLY while making a draw- 

ing I found it necessary to use 

a spline or adjustable curve. As I did 

not have one at the moment, it was 

necessary to use the next best thing, 

a piece of ordinary wire solder. It 

served well and now finds a place in 

my drawer, with the other drawing in- 
struments. 

I find that it is indispensable for 
drawing large and odd-shaped curves 
and it often fills a want where a French 
curve will not fit. It is perfectly flex- 
ible, yet holds its shape when once 
formed. Further, the ruling pen eas- 
ily follows the curve and because of 
the circular cross section of the wire, 
the ink will not spread under the 
curve and thus spoil a drawing. 

Hard solder is preferable for this 
purpose as it holds its shape better 
than the soft variety and is less likely 
to kink while the curve is being formed. 
When using a piece of wire solder for 
this purpose, form the wire along the 
pencil curve and place two or more 
paper weights or other small objects 
on the solder to prevent movement. 
Then rule the curve between the 
weights. When the ink dries move the 
weights and complete the ruling of the 
curve. 


Oakland, Calif. S. H. SAMUELS. 
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Details of Paper 
Mill Drives 


(Continued from page 367) 


large size of the motors (600 hp. up) 
belt drive is out of the question on 
account of space. Direct drive in 
this department is the only type of 
drive feasible. 

On elevator legs of the bucket 
type, the motor is sometimes direct 
connected to a shaft in the top of 
the leg, to which is keyed the 
sprocket which carries the chain. As 
the space at the head of the leg is 
usually limited, direct drive is the 
most suitable type. 

Direct drive is also used on agi- 
tators, or mixing tanks. Since these 
tanks are usually open at the top, the 
motor is likely to be flooded at any 
time and belts and other types of 
drive are inconvenient. The drive is 
usually horizontal, the shaft termi- 
nating in a bevel gear at the center 
of the tank. Reduction gears are 
often used in this capacity, but since 
they are usually part of the agitator 
equipment, the drive may be called 


Table XVII—Drive Data of Steam Plant 


No. or 


Dory Morore 


Refuse conveyor 
Stoker drive 


Coal conveyor 
Coal crusher 


21222 pet pad ed 
29999998 


Hp. 
Ratina |R. P. NI. 
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the equivalent of a direct drive. 

There are several types of gear 
drive. Those most commonly used 
are the spur, bevel, worm and her- 
ring-bone. The latter type of reduc- 
tion gear is the best, as it is practi- 
cally noiseless in operation and can 
be run at extremely high speeds— 
5,000 r.p.m. and over. 

Where paper machines are of the 
sectional types, such as the Harland 
or General Electric, reduction gears 
are used between the motor and the 
particular section being driven. 
While the gear occupies nearly as 
much space as the motor, the motor 
frame size is much smaller, owing to 
the higher speed, since the higher 
the speed of a motor the smaller the 
frame size for a given horse- power 
output. 

Bevel gears are advantageous 
where the drive is changed in direc- 
tion, say horizontal to vertical drive, 
as on the agitators, mentioned before. 

Back-geared motors are usually of 
the spur type, and have an advan- 
tage over most types of drives where 
the speed of the driven equipment is 
low and the required horsepower is 


Ground-wood mill 


DEPARTMENT 
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small. An example of this kind is 


seen in a save-all, which is a revolv- 


ing wire cylinder provided with slats 
to gather the stock from the water 
going to the sewer. The speed of the 
cylinder is usually not more than 40 
to 50 r.p.m., and the required horse- 
power is from 3 to 5. With motors 
of this size at speeds of 720 to 1,200 
r.p.m., the cost of the motor is low, 


the gears cost much less than line- 


shafting and belt, the unit occupies 
very little space and can be housed 
from dampness. 

This type of drive is also used to 
some extent on elevator buckets 
where the heat would be ruinous to 
a belt, as is the case with the sul- 
phur burner. 

Worm-gear drive is probably used 
most in pulp and paper mills in con- 
nection with freight and passenger 
elevators ‘and is the only practical 
drive for this service. 


APPLICATIONS SUITABLE FOR CHAIN 
AND BELT DRIVE 


The chain drive has one or two 
advantages over the belt drive, in 
that a much shorter drive can be 


Table XX—Summary of Lighting Load 


Kw. Loap 


Wood handling, sulphite mill 


Steam plant 
ard 

Sulphite mill 

Bleach plant 


All of the above motors are three-phase, 550-volt, squirrel-cage(S.C.) motors. 


Table XVIII Data on the Water Supply Drives 


No. or 


Dery Motors| TYPE 


Low-head pumpe 
High-head pumps 


Hp. 
RATING R. P. II. 


No. or 


DRIVE HEATERS 


Direct 
Direct 


1,200 
1,160 


Duty 


Table XXI—Summary of Heating Load 


Kw. RATING VOLTAGE 


WINTER LOAD 


Low-head pump house 
Weigher's lab 


ome OD 
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One of these motors is a spare. Never more than tworunning at a time. 
Al} of the above motors are three-phase, 550-volt, squirrel-eage (S. C.) motors. 


Table XIX — Data on the Miscellaneous Drives 


Flevator penthouse 
Lunch room 


Sad-iron heater 
Motor baking oven 
Sub-station heaters 


Cad mt pad pnt pd pee — pet et CD) 


— 


No. or 


Hp. 
Duty Motors! TYPE Ratine | R. P. XI. Drive 


to 
— 
mH 
© 


— — 


SUMMER LOAD 


Synchronous condenser. 

Portable air compressor 
Air compressor. 

Machine shop 

Concrete mixer 


49 


< 


20005 


Chemical lab 


DLR 


5 
5 
15 0 > Weigher's lab 
0 
0 


2 
| 
o4 


All of the above motors are three phase, 550 volt. 
The actual load taken by the condenser is 50 hp., so that the actual load of 


the miscellaneous motors is 100 kp., with the average at 70 hp. Average yearly load—66.9 kw. 
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used and there is no slippage. In 
other words, it is a positive drive. It 


also causes less strain on the motor 


bearings. The disadvantages of 
chain drive are its cost and its speed 
limit, as it cannot be used where the 
speed is high. One thousand feet 
per min. is the limit for roller chain 
and 700 feet per min. for block 
chain. It is capable of transmitting 
greater power at slow speeds than 
the proportionate size of belt. 
Where the driven machinery is ex- 
posed to the weather, as is the case 
with slasher saws and conveyors, 
chain drive has an advantage, not 
only because it is less affected by 


dampness, but due to the fact that 


the drive can be shortened; in fact, 
the driving and driven sprockets 
can be placed as close together as 
the size of the motor will allow. 

Chain drive is also the proper type 
to use with conveyors since, as stated 
before, the drive is positive; .with 
belts, the slippage and running off 
cause delays and loss of production. 

The main advantage of the vari- 
ous kinds of belt drive, is the first 
cost. Where the belt is not subject 
to injury, through the action of 
chemicals or moisture, it may last in- 
definitely, providing the load it is 
driving is within its range. By far 
the greater number of drives in a 
pulp and paper mill are belt, owing 
mainly to the first cost. The main 
cost of the upkeep is probably labor, 
but since a mill has to have a cer- 
tain number of millwrights, who are 
usually monthly men, the cost per 
unit is small. 

In a paper mill, the greatest num- 
ber of belts from one drive is the 
constant line. As all the units of the 
constant line are dependent on one 
another, it is the practice to put all 
the machines on one large motor, 
and thus group the drives. The num- 
ber of machines in the group runs 
from twelve to fifteen, averaging in 
rating from 2 to 35 hp., on a 40-ton 
book machine. The list comprises 
plunger, centrifugal and suction 
pumps, air compressor, stock thick- 
eners, agitators, screens and the 
shaker for the wire section or couch. 
Link leather belt on flanged pulleys 
is used for the super-calenders. 

In a mill the size of this one the 
methods of obtaining the light and 
heat are of interest. The lights are 
supplied from two sets of 550-to-110- 
volt transformers. The sulphite and 
ground-wood mills are fed from 
three 15-kva. transformers con- 
nected in parallel across one phase; 
the paper mill is fed from two 
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30-kva. transformers in parallel 
across another phase. Two-wire, 
110-volt lighting is used throughout, 
and while this method might be con- 
sidered expensive, owing to damp- 
ness and acid fumes, it has been 
found economical, as no trouble has 
been experienced. The paper mill 
and ground-wood mill are equipped 
with R. L. M. dome reflectors 
throughout, except in the sulphite 
mill where the lighting is of such a 
nature that the use of reflectors is 
not permissible. The yard lighting 
consists of eighteen 500-watt units 
on wooden poles and three 1,000-watt 
floor lights which can be moved. The 
latter are used on the storage pile. 
Table XX shows the lighting load of 
the various departments. The yearly 
lighting load is 450,000 kw.-hr. 

In certain parts of the mill, it was 
found that electric heating was more 
economical than any other method; 
for instance, in the low-head pump- 
ing station, which is one-third of a 
mile distant from the steam plant. 
It was also more dependable in heat- 
ing the scales and in the various dry- 
ing ovens. The load varies consider- 
ably. For the seven months dating 
from Oct. 25th to May 15th, the 
average load is 80.6 kw., while for 
the remaining five months, the aver- 
age load is 20.1 kw. The average 
yearly load is 66.9 kw. or 89.6 horse- 
power. Table XXI shows the winter 
and summer heating loads. 
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Testing Armatures 
During Rewinding 
(Continued from page 377) 


a very low reading and also that a 
poor contact will give a high read- 
ing. When making tests on hand- 
wound armatures there are a num- 
ber of causes that contribute to high 
and low readings. When testing 
an armature that has the commuta- 
tor leads connected but not soldered, 
if the leads fit easily in the neck, 
consistent readings may not be ob- 
tained because poor contact may in- 
crease the resistance of the coil un- 
der test. Hence a series of high and 
low or irregular readings will be the 
result. Other things that may cause 
a variation in the readings are a 
large number of turns per coil, the 
use of small-sized wire in the coil, 
or one or two turns may have been 
left out of the coil. Sometimes a 
cord or tape band put on tightly over 
the leads just back of the commuta- 
tor will cause the leads to make bet- 
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ter contact in the neck and give more 
consistent readings in the bar-to- 
bar test. When a low reading is ob- 
tained in the bar-to-bar test and if 
there is any doubt about it being a 
short, use the growler. 


Controlling Indus- 


trial Lubrication 
(Continued from page 872) 


is submitted for analysis together 
with a statement of the trouble. 

It is very seldom that any trouble 
is found with the quality of the lu- 
bricant. Its purchase from a reli- 
able company which knows that it is 
being carefully checked as to quality 
precludes any substitution of an in- 
ferior grade. This has only hap- 
pened once in our experience. Need- 
less to say, we make no further pur- 
chases from the concern in question. 
Most of the trouble with motor cars 
is due to not changing the oil in 
accordance with instructions, or to 
carelessness on the part of the driver 
in using his choke so frequently that 
he gets an abnormal amount of raw 
gasoline in the crankcase. In the 
case of machinery it is generally due 
to some changed condition in the op- 
eration of the machine which has not 
come to the notice of the Engineer- 
ing Department. 

The subject of laboratory control 
for lubrication problems is of too 
great length to be considered here. It 
is possible, however, for the average 
shop man to do something along this 
line without the assistance of a chem- 
ist. The specific gravity of the oil 
used may be determined by the ordi- 
nary hydrometer and the amount of 
dilution of the oil by foreign matter 
can be determined by comparing the 
specific gravity with that of a sam- 
ple of fresh oil. Oil from a bearing 
which has been giving trouble can be 
warmed up to decrease its viscosity 
and filtered through several layers of 
cheese cloth. This will filter out any 
foreign matter in the oil, the nature 
of which can be generally determined 
by inspection as to whether it is 
metal from the bearing or shaft or 
whether it is foreign material drawn 
into the bearing during the operation 
of the machine. In complicated cases 
of bearing trouble it Is, of course, 
necessary to have available the serv- 
ices of a chemist and laboratory. The 
rough tests outlined, however, will 
take care of a large number of cases 
of trouble which may occur. 
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Insulating Var- 
nish Tests 


(Continued from page 885) 


stands up in actual service. No 
tests are of any particular value un- 
less the results are backed by actual 
application to the manufactured 
product. Hence, it will be noted 
that in the interpretation of test 
results we have included all of the 
features interesting to the user of 
liquid insulators: namely, tests for 
physical and electrical characteris- 
tics, percentage of base, the cost per 
gallon and the endurance of the 
material under operating conditions 
in actual service. 

So far the selection of varnishes 
has been based almost entirely upon 
the results of tests made either in 
the shop or in the laboratory upon 
small quantities of the materials in 
question. A selection so based is, 
however, unreliable when too much 
importance is placed upon these re- 
sults because the results obtained by 
test even when conducted by the best 
scientific practice can seldom be 
duplicated. Take for example the 
test for dielectric strength; the best 
results obtained show a variation of 
25 per cent when measured on the 
same sample. When specimens have 
been prepared on different days or 
by different operators these varia- 
tions will be considerably greater. 
The same thing holds true in other 
tests. Take the one for drying time, 
for example. One laboratory has 
found that a certain varnish dries 
in 45 min.; another finds that the 
same material requires 55 hr., when 
apparently prepared in exactly the 
same way and baked under the same 
conditions. 


SPECIFICATIONS FOR INSULATING 
VARNISHES 


In many shops, particularly the 
large ones, it has been the practice 
to draw specifications for insulating 
varnishes, based upon elaborate 
laboratory tests to determine the 
characteristics of a varnish. The 
object of such specifications is to 
obtain a list of materials of differ- 
ent manufacture that will be suited 
to the work in hand and then allow 
the purchasing agent to select from 
this list that one which can be ob- 
tained for the lowest price. When 
these specifications contain a test 
for the percentage of base and al- 
lowance is made in the report to the 
purchasing department this practice 
is not so bad. It is, however, gen- 
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erally found that either almost any 
material will fit these specifications 
or else no material at all will fit 
them. The variations in the drying 
period described above illustrate this 
characteristic very clearly. In either 
case the specifications are of little or 
no value, so far as practical results 
are concerned. 

The writer was shown a specifica- 
tion of this kind a short time ago. 
It described in great detail the tests 
to be made and the physical require- 
ments of the varnish. When bids 
were asked the prices were found 
to range from $3.65 per gallon to 
$0.65 per gallon, and each bid con- 
tained a guarantee that the partic- 
ular product quoted would fit the 
specification. Obviously when such 
a variation in price is permissible 
something is wrong. 


IDEAL SPECIFICATIONS HAVE NOT 
BEEN WRITTEN ' 


Steel has been purchased for 
many years by means of specifica- 
tion and the results appear to be 
entirely satisfactory. Perhaps, then, 
if varnish specifications were made 
cut in a similar form equally satis- 
factory results would be obtained. 
We find, however, that in the speci- 
fication for steel the chemical analy- 
sis is given. Perhaps if the raw 
materials entering into the composi- 
tion of varnish were stated the 
problem would be solved. Unfor- 
tunately, however, the characteris- 
tics of these raw materials are often 
completely changed by the process 
of combining them so that the result 
has no semblance to the original sub- 
stances. Any variation in the proc- 
ess changes the results; hence a 
description of the process should 
also be included in order to have the 
specifications complete and adequate. 

Suppose this were done and the 
ideal specification written so as to 
include the substances used, the way 
in which they are to be combined and 
the physical tests which the finished 
product must pass; what assurance 
would the consumer have that his 
specification was being followed? In 
a properly constructed varnish the 
elements are so chemically combined 
that they defy an analysis even ap- 
proaching accuracy. Hence, the cus- 
tomer would be unable to check up 
his source of supply unless he had 
an inspector present during manu- 
facture and would soon find himself 
in the same position he is in now. 

Since tests and specifications are 
unreliable, what then should be the 
true basis for varnish selection? In- 
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stead of attempting to approve as 
many different types of varnish and 
of as many different manufacturers 
as possible it would appear that the 
first step should be to select the sup- 
plier of these materials. This choice 
must necessarily be based upon con- 
fidence. Pick out those suppliers 
whose reputation and whose prod- 
ucts have stood the test of time. Be 
sure that they understand the manu- 
facture of insulating varnish. Be 
sure that they also understand the 
application of these materials to 
electrical work. In this way you 
will assure yourself of obtaining 
good materials and at the same time 
constructive ideas should trouble 
arise. 

Then make sure that these differ- 
ent suppliers are furnishing you with 
the same grade of material and use 
your tests as a means of checking 
and of indicating to you the suit- 
ability of their products. Next try 
the materials offered in service and 
in production. 


SELECTION OF PROPER INSULATING 
VARNISH IMPORTANT 


Insulating varnish is too impor- 
tant a factor to be overlooked either 
in the manufacture of a new ma- 
chine or in the repair of an old one. 
Otherwise good results can be 
spoiled by the use of a poor or im- 
proper insulator. There is quite a 
similarity between the purchase and 
use of insulating varnishes and the 
purchase and use of clothing. One 
does not wish to wear a dress suit 
when greasing his automobile nor 
does he wish to wear overalls at the 
theater, but he does insist that the 
type of suit be adapted to his partic- 
ular occupation and that it must be 
substantially made so as to give long 
wear. The difference in cost between 
overalls and a dress suit is consid- 
erable, and yet you cannot compare 
their value one with the other be- 
cause they are used for different 
occupations, in which the require- 
ments are different. 

This holds true of insulating var- 
nish. You must first determine 
what service your product is to per- 
form and having determined upon 
the type of insulator, then you want 
to secure the best of this particular 
type. The reputable manufacturers 
of insulating varnish have no mys- 
teries about their business and there 
is no reason why the electrical re- 
pair man should not have as thorough 
a knowledge of insulating varnishes 
as he has of any other product used 
in making electrical machines. 
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Achievements of 
Benj. G. Lamme 


(Continued from page 859) 


No. 633,856—Distributed winding 
electrical machines, Feb. 6, 1899. 

No. 633,857—Dynamo-electric 
April 14, 1899. 

No. 633.858—Field-magnet coil for elec- 
trical machines, June 14, 1899. 

No. 633,972—Current collector 
trical machines, June 5, 1899. 

No. 644,864—Electromotive-force 
tion, Oct. 6, 1898. 

No. 644,865—System of electrical distri- 
bution, June 14, 1899. 

No. 646.092—Dynamo - electric 
June 30, 1899. 

No. 660,907—Single-phase a.c. generator, 
May 24, 1899. 

No. 650,908—Variable-speed electric mo- 
tor, June 5, 1899. 

No. 660,909— Electric 14, 
1899. 

No. 660,910—Sysxtem of electrical distri- 
bution, April 14, 1900. 

No. 660,911—Alternating-current 
tion motor, April 14, 1900. 

No. 668,194—Rotary field - magnet 
electrical machines, July 14, 1900. 

No. 673,911—Polyphase, a.c. motor, Jan. 
30, 1899. 

No. 673,912—System of electrical distri- 
bution, July 14, 1900. 

No. 673,913—System of electrical distri- 
bution, July 14, 1900. 

No. 680,792—Alternating-current 
tion motor, May 24, 1899. 

No. 680,793—-Dynamo-electric generator, 
June 28, 1900. 

No. 682,942—Rotary 
28, 1897. 
No. 682,943—Method of changing fre- 
ney of alternating currents, July 24, 
1 


97. 

No. 688,317—Winding for electrical ma- 
chines, April 17, 1901. 

No. 688, 318— Winding for electrical ma- 
chines, April 30. 1901. 

No. 692,021—Regulation of rotary con- 
verter electromotive force, April 17, 1901. 

No. 692,022—-Winding for electrical ma- 
chines, June 26, 1901. 

No. 695, 937— Alternating electric current 
generating and distributing system, July 
31, 1896. 

No. 695,938—Alternating-current 
July 14, 1900. 

No. 702,65%7—Speed regulating means for 
electric motors, April 30, 1901. 

No. 702, 658—Dynamo-electric generator, 
Sept. 24, 1901. 

No. 710, 158—Sysxtem of electrical distri- 
bution, Oct. 14, 1901. 

No. 710.363- -Method of starting rotary 
converters. Original application filed Oct. 
14, 1901. Divided and this application filed 
Feb. 1, 1902. 

No. 731.466— Lighting apparatus for rail- 
way vehicles, Sept. 29, 1902. 

No. 731,467—Electric lighting apparatus, 
Sept. 29. 1902. 

No. 740.147—Electromotive-force regula- 
tor, Oct. 2, 1902. 

No. 758,667—Single-phase, a.c. power sys- 


for 


generator, 


for elec- 


regula- 


machine, 


motor, Sept. 


induc- 


for 


induc- 


transformer, Jan. 


motor, 


tem, Dec. 26. 1901. 
No. 758,668—Single-phase, a.c. motor. 
Application filed Oct. 31. 1902, renewed 


Sept. 24. 1903. 

No. 758.669—Brush holder for electrical 
machines. Sept. 16, 1903. 

No. 759,183—-Method of utilizing single- 
phase, a.c. energy. Original application filed 
Dec. 26, 1991. Divided and this applica- 
tion filed July 16, 1902. 

No. 765,185—Controlling apparatus for 
ee railway vehicles, Sept. 
2 19 

No. 775,334—Alternating-current electric 
motor, Feb. 27, 1904. 

No. 780. 645—-Single-phase, 
May 3, 1904. 

No. 780,046—Armature winding for elec- 
tric motors, May 3. 1904. 

No. 780,047—Electric 30, 


994. 

Ls. 794.362 —Electrie motor, May 3, 1904. 

No. 794,363—Electric motor and control- 
line means therefor. Jan. 3, 1905. 

No. 807,943—Regulating means for svs- 
tem of electrical distribution, Feb. 1, 1905. 


a.c. motor, 


motor, June 


No. 811,231—Alternating-current motor, 
June 30, 1904. 
a.c. motor, 


No. 811.644—Single - phase, 
Feb. 27. 1904. 

No 814,380—System for vania nie speed 
operation of a.c. motors, Oct. 8. 1904. 

No. 819,770—System of electrical distri- 
bution, June 30, 1904. 
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945 821,044—Induction motor, Feb. 27, 
No 822,376—System of applying a.c. elec- 

trical energy. Sept. 22, 190 

1805 834 4.582 Controlline device, Jan. 3, 


9005 838,034 — Electrical machine, Feb. 21. 


put 
© 


No. 839,935—Phase-adjusting means for 
a.c. motors, Feb. 6, 1905. 

No. 839, 936—Phase-adjusting apparatus, 
Feb. 6, 1905. 


No. 839,937—Method of regulating the 


speed of electric motors, Feb. 6, 1905. 

No. 840.001—Method of regulating a.c. 
motors, Feb. 6, 1905. 

No. 854,897—Armature for dynamo-elec- 
tric machines, Sept. 20, 1906. 

No. 856.477—Alternating-current 
Feb. 27, 1904. 

No. 885,163—Armature winding for high- 
1805 dynamo-electric machines, June 2, 

No. 888,514—Armature winding for elec- 
trical machines, Aug. 17, 1904. 

No. 888,912—Method of operating and 
system of control for electrical generators, 
Aug. 2, 1906. 

90 5 896, 220— Electric locomotive, Jan. 5, 


motor, 


No. 900,289—System of control for elec- 
tric motors. Dec. 4, 1905. 

No. 900,555—Controlling system for elec- 
tric motors, Original application filed Dec. 
4. 1905. Divided and this application filed 
Feb. 24, 1908. 

No. 905.889——Coil support for dynamo- 
electric machinery, June 28, 1905. 

190 911.018— Electrical apparatus. May 6. 

No. 913.017 Dynamo electric 
Application filed Aug. 2, 1906. 
July 3, 1908. 

No. 923.666—Protective device for com- 
mutator-tyne. a.c. motors. June 30. 1904. 

No. 923.667—-Winding for electrical ma- 
chines, June 2, 1905. 

No. 924,799—Electrical 
tem. Sent. 3. 1907. 

No. 925,355—Method of, and means for. 
ee dynamo-electric machines, Aug. 
1 ; 

No. 925.356— Electrical load - equalizing 
system. Original application filed Sept. 3. 
1907. Divided and this application filed 
Nov. 6. 1908. 

No. 925,357—Electrical equalizer system. 
Original application filed Sept. 3. 1907. Di- 
vided and this application filed Nov. 30, 
1 


908. 

No. 931.130—Commutator 
electric machines. Oct. 7, 

No. 933.765—Winding for armatures of 
dynamo-electric machines, Nov. 3, 1906. 

No. 940.698—-Dynamo - electric machine, 
Sept. 13. 1905. 

No. 947.389—Dynamo - electric 
June 2, 1905. 

No. 964.658 — Method of operating elec- 
trie motors. Application filed May 3, 1904. 
Renewed Oct. 20. 1908. 

No. 964.659 — Means for operating and 
controlling single-phase, a.c. motors. Appli- 
acne filed May 3, 1904. Renewed May 19. 

No. 964.794 — Method of operating and 
controlling single-phase, a.c. motors. Orig- 
inal application filed May 3, 1904. Divided 
and this anplication filed July 9, 1906. 

No. 964.794—System of control for elec- 
tric motors. Original application filed Mav 
3. 1904. Divided and this application filed 
April 5. 1907. 

No. 977.640—System of operation for 
dynamo-electrie machines, March 15. 1906. 

No. 977.641—System for the operation of 
dynamo-electric machines, March 15, 1906. 

No. 978.038—System of regenerative con- 
trol for electric motors. Original application 
filed March 15, 1906. Divided and this ap- 
plication filed Nov. 8, 1907. Renewed May 
20. 1910. 

No. 1,007.457—Coil support for dynamo- 
electric ‘machinery. April 13, 1905. 

No. 1.018.571—Dynamo-electric machine, 
April 10. 1908. 

No. 1,031.009—Dynamo-electric machine, 
Sent. 6. 1910. 

No. 1.066.507 —System of contro] for elec- 
tric motors. Sept. 26, 1910. 

No. 1.070,492—Winding for dynamo-elec- 
tric machines. Jan. 26, 1910. 

No. 1.074.125 Method of operating in- 
duction motors. July 6. 1908. 

No. 1.08 2.532 —Dynamo- electric machine, 
Feb. 21. 1911. 

No. 1.095.331 —Field-magnet winding for 
dynamo electric machines, Jan. 26. 1910. 

No. 1.123.321 Method of operating poly- 
phase induction motors, July 6. 1908. 

No. 1.138.672 - Dynamo electrie machine, 
Sept. 10. 1909. 
jae 1,138,.673—Switching device, Oct. 31, 

13. 

No. 1.150.043—Dynamo-electric machine, 
Jan. 26, 1910. 


machine. 
Renewed 


equalizing sys- 


ioe dynamo- 


machine, 
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ao 1,151,804— Electric motor, Jan. 26, 

No. 1,158,511 — Polyphase 
motor, Jan. 7, 1911. 

No. 1.158,512—Two-speed induction 
tor winding, Jan. 24, 1914 

No. 1,186, 804—Equalizing means for dy- 
namo-electric machines, July 24. 1912. 

No. 1,189,703—Alternating-current motor, 
Jan. 26, 1910. 
1 1.241. 523 Control system, Feb. 25, 

No. 1,243,307—System of distribution and 
centrol. March 23, 1914. 

No. 1,243, 430—System of distribution and 
1 a Dec. 26, 1913. 

No. 1.244. 509—Dynamo-electric machine, 
Aug. 22, 1913. 

No. 1,244,510—Universal motor, July 30, 


1914. 
M 1,244,511—Universal motor, Aug. 7, 


No. 1,246,617—System of distribution and 
control, March 23. 1914. 
ors. 1,275,945—Switching device, Aug. 2. 

No. 1,295,906—Speed control for induc- 
tion motors. Original filed Jan. 5. 1915. Di- 
via and this application filed Oct. 21, 

16. 

No. 1,300,742 
1915. 

No. 1.305.126 — Switchboard 
April 29, 1915. 

No. 1, 316. 798—Dynamo-electric machine, 
May 2, 1917. 

No. 1,318,775—Speed - controlling system 
for induction motors, Feb. 19, 1914. 

No. 1.333,664—Sneed control for induc- 
tion motors, Oct. 21, 1916. 

No. 1,336,566—Speed-control system for 
induction motors. May 2, 1918. 

No. 1,387,496—Speed control for induc- 
tion motors. Oct. 21, 1916. 

No. 1.390,624—System of electrica! ship 
propulsion. June 29, 1918. 

No. 1,392,182—Means for preventing com- 
mutator flashing, June 17, 1918. Renewed 
July 9, 1921. 

No. 1,416,038—Driving system for gyro- 
scopic stabilizers, Feb. 19, 1917. 


synchronous 


mo- 


System of control, Jan. 5, 


apparatus, 


Changes in Distri- 
bution System 


(Continued from page 380) 


As shown in Fig. 2, the trough 
system of wiring was used, inas- 
much as it is the most practical for 
this kind of an installation. All of 
the wiring is concealed and is thus 
fire proof and danger proof, but is 
readily accessible when occasion 
arises. The trough was made of 
No. 14 galvanized iron with sectional 
covers which are fastened on with 
machine screws. 

In the underground work, fiber 
conduit was used throughout except 
in the case of short runs for service 
to buildings. Digging of the trenches 
was done by the inmates of the in- 
stitution as well as could have been 
done by paid help. In laying the 
duct a 4-in. concrete base was first 
laid using a 4:3:1 mix. The ducts 
were, for the most part, laid four 
wide with 1 in. between ducts and 
1 in. of concrete over the ducts. A 
3-in. slab was placed on the top 
layer of ducts. Throughout the in- 
stallation all of the equipment and 
manholes were so laid out that it is 
impossible for the inmates to inter- 
fere with them in any way. All 
manholes in which any transformers 
or other equipment is installed, are 
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7 ft. long, 5 ft. wide and 6 f.. h.gh; 
all others are 4 ft. square by 5 ft. 
high. In Fig. 3 is shown a diagram 
giving the location of the buildings 
and high- and low-tension feeders. 

All of the : manholes have two 
8-in. x 4-in. steel I-beams buried in 
the top slab, 1 in. below the man- 
hole ring, and are reinforced with 
34-in. and %%-in. round steel. The 
walls are 8 in. thick with a 12-in. 
top and a 10-in. bottom. All of the 
manholes have sewer connections 
and are equipped with pressed-steel 
cable racks and hooks. At suitable 
locations 2,400-volt subway junction 
boxes of the disconnecting type are 
used for testing purposes. All joints 
are wiped with lead—no stuffing- 
type joints are used anywhere. 

All underground transformers are 
protected with oil cutouts on the 
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primary side, with a secondary dis- 
tribution subway box on the sec- 
ondary side. As a precaution, a test 
was taken on all of the oil before it 
was placed in the transformers, as 
it had been stored outside during 
the winter, but moisture was found 
in only one drum. All neutrals are 
grounded in the manholes as well as 
at the building entrance. Where 
three-phase power was needed as 
well as single phase, the transform- 
ers were connected open-delta. 
Since this new installation has 
been completed, the maintenance on 
all electrical work has been cut 
somewhat over 50 per cent, and the 
power bill has been considerably 
lowered owing to better voltage reg- 
ulation, making the use of smaller 
motors possible, and the clearing up 
of many badly grounded circuits. 


Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Charles Bond Company, 617-619 Arch 
Street, Philadelphia, Pa.—Booklet S 
describes the Bond litestrong pressed 
steel shaft hanger and the junior 
pressed steel counter shaft hanger 
and counter shaft bearings, together 
with dimensions and prices. 


The Nichols-Linchern Company, 7960 
Loraine Avenue, Cleveland, Ohio— 
A series of light-weight universal 
signal lights which are made with a 
cast aluminum body and carry a 4- 
in. corning lens in either ruby, green, 
yellow or clear, are described. These 
are used for building exits, tower- 
house signals, train signals, steel 
mill yards or in any other place 
where it is necessary for danger, 
caution or clear signal to be placed. 

These lights are made in l-way or 
5-way type or may be used in a light- 
weight, large or small signal lantern. 
The aluminum gives light weight, 
resists rust, is not affected by dusty, 
acid or moist atmosphere and will 
not break under rough handling. 
These are made with bases for sev- 
eral different methods of attachment. 


General Electric Company, Schenectady, 
N. Y.—Bulletin Y-1910 describes the 
new Emmett mercury vapor process 
in the generation of power. 


The Republic Rubber Company, 
Youngstown, Ohio—An 8-page book- 
let describes the different grades of 
industrial fire hose. This includes 
hose for chemical extinguishers and 
chemical engines as well as double- 
and single-jacket, cotton, rubber- 
lined hose. 

Lumen Bearing Company. Buffalo. New 
York—A 16-page booklet discusses 
the two following subjects: Bush- 
ing—A Proper Driving Fit,” and Oil 
Grooves— Fitting Up Bearings.” 


Harold E. Trent, 1524 Chestnut Street, 
Philadelphia, Pa.—Leaflet T-A 2 de- 
scribes and prices the Trent auto- 
matic control system for continuous 
service which not only indicates the 
temperature on a dial but controls 
the temperature by setting a lever to 
scale. Types 800 and 801 have a 
maximum range of 1,000 and 1,200 
deg. F., respectively. Other types 
are made for a temperature from 100 
up to 400 deg. This may be used for 
controlling electrically-heated de- 
vices, gas, steam, oil or air-heated 
appliances, for operating air or fuel 
valves independently or in conjunc- 
tion, or for controlling the ratio of 
air and fuel valves and other uses. 


Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, 
Pa.—Folder 4532-A entitled: West- 
inghouse Fabrics and Papers,” de- 
scribes and gives the principal ap- 
plicatiors, together with tables of 
thickness with approximate weights 
and size of the various forms of 
treated and untreated fabric, papers, 
sleeving, tapes, cord and thread man- 
ufactured by this company for insu- 
lating purposes. 


The E. F. Hauserman Company, 1729 
East Twenty-second Street, Cleve- 
land, Ohio—Bulletins describe the 
Hauserman system of steel parti- 
tions, factory shelving and skylights. 
Sketches show the arrangement 
whereby each of these is erected. 


The Alexander Milburn Company, 1416- 
1428 West Baltimore Street, Balti- 
more, Md.—A booklet entitled Mil- 
burn Welding and Cutting Appara- 
tus“ describes the various types of 
acetylene generators and welding and 
cutting torches. Special oil-burning, 
preheating equipment is included. 
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The Cutter Company, Nineteenth and 
Hamilton Streets, rhiiadeiphia, Pa.— 
The “Handbook on the U-Re-Lite“ 
Series O, is of pocket size and de- 
votes 96 pages to illustrations and 
descriptions of the various types of 
Cutter U-Re-Lite equipment. The 
size and description of each of the 
various sizes and some of the topics 
discussed are: The automatic feu- 
tures, overload, dalite (direct-acting 
time-limit) feature, time-overload 
curves of dalite, no-voltage feature, 
shunt trip feature, bell ringing fea- 
ture and a discussion of the selection 
of the U-Re-Lite for specific service 
conditions. 


Eldredge Electric Manufacturing Com- 
pany, Springfield, Mass.—A group of 
small folders describes the Eldredge 
miniature panel ammeters ahd volt- 
meters and pocket-type ammeters, 
voltmeters and volt-ammetets. 


L. J. Wing Manufacturing Company, 
352-362 West Thirteenth Street, New 
York City—A folder describes the 
Wing “Featherweight” unit heater 
for heating industrial plants. These 
units are installed near the ceiling 
or roof to take the warm dir from 
the higher levels, heat it and return 
it again to the working levels by me 
chanical means and so speed up the 
circulation and heating of a building. 


Rockbestos Products Corporation, New 
Haven, Conn.—A _ thirty-two-page 
catalog, illustrated in three colors, 
has been prepared to serve as a ref- 
erence for those interested in the use 
of asbestos-covered wire and cables 
and supplies sufficient information 
in regard to Rockbestos products to 
enable a user to make the proper se- 
lection of the wire best suited to his 
purpose. 


Edwards and Company, Inc., One Hun- 
dred Fortieth and Exterior Streets, 
New York City—Catalog 9 covers 
the various selective signaling de- 
vices such as bells and buzzers, an- 
nunciators, push buttons, battery 
switches, door openers, various types 
of relays, burglar alarms, watch- 
man’s time detectors, fire alarms 
and code stations. 


The Standard Electric Tool Company, 
Cincinnati, Ohio—A folder describes 
the Standard floor, tool post and 
bench grinders, the line of hand and 
screw feed electric drills and the 
combination portable bench stand for 
use with electric drills. 


Diamond Saw and Stamping Works, 
Buffalo, N. Y.—Bulletin 18 covers the 
Sterling hacksaw blades for hand 
frames and power machines. 


U. S. Light and Heat Corporation, 
Niagara Falls, N. Y.—Bulletin No. 
789-A gives what the manufacturers 
believe are a dozen reasons why 
U. S. L. are welders are endorsed by 
users. 


Ajax Flexible Coupling Company, West- 
field, N. Y.—An 18-page booklet de- 
scribes the Ajax flexible coupling, its 
construction, the method of operation 
and gives the dimensions and prices 
for the various sizes as well as illus- 
trations showing some of the appli- 
cations and a partial list of users. 


Crouse-Hinds Company, Syracuse, N. Y. 
—A folder entitled “Condulets for 
Concealing in Concrete” describes and 
dimensions condulet and fixtures of 
the SK series for use in permanent 
concrete construction. Details of a 
number of applications are included. 
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overloads on motor or lighting circuits no longer hinder pro- | 
duction or raise Operating expense. 


In the Iron and Steel Industry where almost one-third of all 
the rated horsepower of all industry is concentrated and con- | 
stant production is paramount, U-RE-LITE is daily assuring 
Protection—Increasing Production—Reducing Maintenance. 
| 
| 
i 


There is only one cost to U-RE-LITE, that’s the first cost— 
and that is more than paid back in a short time. 


At the Association of Iron and Steel Electrical Engineers’ 
Convention, Pittsburgh, Pa, we are exhibiting a complete 
line of Circuit Breakers and U-RE-LITES in Booth No. 13. 
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ALLIS-CHALMERS 


Type “AR” Motors 
are all steel 


Unusual rigidity is imparted to the new type “AR” Induction 
Motor, due to its all steel construction. The stator end 
frames and feet are integral and are made from electric steel 
castings. They donot break. The use of cast steel for many 
parts ordinarily made of cast iron distinguishes the “AR” 
motor from the usual run of contemporary types. 


Central Station men will be particularly interested in the 
“AR” motor because of its outstanding service qualities. 


Built in capacities ranging from 34 to 200 Horse Power. 


Send for Bulletin. 


ALLIS -CHALMERS 
PROOUCTS 
Electrical Machinery 
Steam Turbines 
Steam Engines 
Gas and Oil Engines 
Hydraulic Turbines 

Crushing and Cement Ais Compressors - A Brakes 


Nut MILWAUKEE, WISCONSIN. u.. a4. 


LLIS-CHALMER 


MANUFACTURING COMPAN 


f 


Power Transmission Machinery 
Steam and Electric Hoists 


— a] 
ALLIS -CHALMERS 
PRODUCTS 
Flour and Saw Mill Machinery 
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Who Is This 
Fellow—The 


Plant Engineer? 


A Question Answered by 
a Glimpse of His Respon- 
sibilities on the Job in 
Daytime, Nights and 
Sundays 


LITTLE while ago I received an 

interesting letter from H. P. 
Meredith, General Works Engineer 
with the Maxwell Motor Corporation 
and with it came a message in rhyme 
that I want to pass on to you. In 
his letter, H. P. M. said: “In com- 
posing this I have made an effort to 
bring home one important point: 
namely, the breadth of knowledge 
that the successful handling of the 
Plant Engineer’s position requires.” 


Who is this fellow, the Plant Engineer? 
He forestalls trouble when trouble is near; 
He furnishes you with light, heat and 
power, 
And continues this service every minute 
hour. 


He repairs the roofs and sweeps the floors, 

He relieves you of worry when worry is 
yours; 

He oils the machinery when it groans and 
squeaks, 

And repairs the valves when there are too 
many le 


He builds new buildings when the factory 
is growing, 
He mows the grass when the grass needs 


mowing; 
He turns on the lights when it’s hard to 


see, 
And unlocks the door when you've lost 
your key. 


He places machinery where it ought to be, 
He cleans the plant and keeps aisles free; 
He paints the walls and ceilings, too, 

And keeps interruptions to a limited few. 


Chicago, September, 1924 
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He opens the drains and cleans the sewers, 

He places himself on the list of “Doers”; 

He does his duty, and does it well, 

And works in the rain when it rains like 
ell. 


He plays the game as it should be played, 

He never goes home when he should have 
stayed; 

He orders the lumber, and nails, and 


screws, 
And keeps his head when the “Old Man” 
stews. 


He’s diplomatic, and loyal, and true, 

He displays these traits as he ought to do; 
He tackles the little and the big job as one, 
And never admits that “It can’t be done.” 


He’s finished his work and his day is done, 
So he trudges home with the setting sun; 
He’s turned off the light and closed the 


gate, 
And left his Plant to the watchman’s fate. 
Some day he'll “Go West,” at nine or 


eleven, 

He'll stop even then to oil the hinges of 
Heaven; 

And as he is known as a “Doer of Things,” 

They'll give him a job making Angels’ 
Wings. 


(Copyright, 1924, by H. P. Meredith) 
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I thoroughly agree with all H. P. M. 
has said and I leave it with you 
as an inspiration from a man who 
gets his vision from the hill-top— 
not in the forest, where it’s hard to 
see far. because of the trees. On 
page 438 the Editors have com- 
mented on remarks made by him at 
a recent meeting of the Society of 
Industrial Engineers. 
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A Glimpse Into the 
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Pacific Coast Lumber Industry 


Where electrified equipment and modern methods have been applied to the gathering and loading of the logs in the 
woods, with a 10 per cent decrease in cost and less fire hazard, and in centrally located saw mills. 


RDINARILY logging, because 

of the frequent change of 

location and the distance 
from a power source, would hardly 
be considered as adaptable to electri- 
fication. However, about eight years 
ago an installation of electrified 
logging equipment was made by the 
Snoqualamie Falls Lumber Company 
near Seattle, Wash. Since then a 
number of other installations have 
been made on the Pacific Coast and 
others are contemplated. What have 
been considered as disadvantages of 
electrification have turned out to be 
the big advantages; for example, 
larger units of logging equipment can 


be installed, as it is not necessary . | 


to move the heavy power-generation 
units each time. Also, the logging 
units may be located without con- 
sideration of convenient water for 
steam generation. The decrease in 
the fire hazard through the absence 
of fire under boilers is an important 
consideration, as forest fires are one 
of the most serious hazards in lum- 
bering. In addition, electric logging 
has reduced the cost about 10 per 
cent and also speeded up the work. 

Two complete woods operations in 
California are now fully electrically 


equipped. The Hutchinson Lumber 
Company at Oroville, Calif., has 
eight yarders and eight loaders, and 
the Sugar Pine Lumber Company at 
Fresno, Calif., has eight yarders, six 
loaders and four boom skidders. 
Some of the accompanying photo- 
graphs show the electrical equipment 
in use on logging operations of these 
two companies. 

Power is transmitted to the woods 
at a line voltage of about 22,000 
volts, where it is stepped down to 


Three detailed 


the skidder jacked up on the car. 


An example of electrified logging oper- 
ations in California. 


This shows the method of loading the logs 
on a fiat car for shipment to the saw mill. 
Here the combined electric loader and du- 
plex yarder is used in connection with a 
spar tree, to gather the logs from where 
they lfe when cut to the central loading 
space. This enables the machine to cover 
a large area at a time. The loader then 
lifts the logs on a car. The current trans- 
former is also on skids nearby, but is not 
shown in this illustration. These trans- 
formers must be of sufficient capacity to 
handle the high peaks without too much 
voltage drop, but the main transformer 
bank supplying power to an entire woods 
operation can be much less than the sum 
of the individual transformers’ capacities 
owing to the high diversity factor. 


11,000 ,volts and distributed to the 
various transformers supplying 
power for the yarders and loaders. 
These transformer installations con- 
sist of three-phase, oil-insulated, 
self-cooled transformers, mounted 
on skids and located near the piece 
of equipment to be served. The 
transformers are rated at about 450 
kva. and supply power to the equip- 
ment through flexible armored cable 
varying in length from 250 ft. to 
500 ft., at a secondary voltage of 
600 volts, three-phase, sixty cycles, 
alternating current. 

The woods equipment frequently 
consists of a yarder to drag or carry 
the logs to a central point and a 


views of electrified logging equipment. 


The upper picture (left) shows a close-up view of a combined 
electric varder and duplex loader similar to the one at the top 
of the page. This equipment is mounted on skids and is shown 
here loaded on a flat car ready to be moved. This outfit has 
300-hp., 60-cycle, three-phase, 600-r.p.m., 550-volt motors on the 
loaders. The illustration above shows in more detail the control 
panels, starting and regulating resistors, air compressors, air 
tank, and solenoid brakes. The illustration at the left is of an 
electric boom skidder, one of the latest pieces of electrical equip- 
ment to be used in the lumber industry of the West. This ma- 
chine is a combined yarder and loader and derives its name from 
the fact that it skids the logs in, instead of using a spar tree. 
This machine is large enough to straddle the railroad track and 
the empty flat cars to be loaded pass beneath it. When it is 
desired to move the equipment a flat car is run beneath it and 
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Here the fire hazard is further reduced 
by the use of electric locomotives in 
logging operations. 


duplex loader to load the logs on 
the cars for shipment to the mills or 
to a waterway to float them down. 
Such a typical machine would prob- 


ably have one 300-hp. motor on the 


yarder and a 75-hp. motor on each 
of the loader drums. All motors 
used on such equipment are variable- 
speed, slip-ring motors designed for 
maximum starting torque. Two 
principal speeds are used on the 
yarder which are obtained by means 
of gears, one giving a lineal speed 


on the main line of about 355 ft. 
per min. for starting the pull, and 
the other giving a speed of 770 ft. 
per min. for completing the haul of 
the log to the loading point. Extra- 
heavy type motors and control equip- 
ment have been developed especially 


Four electrical installations in Pacific 
Coast saw mills. 


In the upper illustration at the left a 25-hp. 
motor drives a sl er in a box mill. The 
54-in. band resaw (lower left) is driven by 
a 50-hp., 575-r.p.m. motor. An edger (up- 
per right) is driven by a 300-hp., 1,200- 
r.p.m. motor. Power factor correction is 
obtained by the 500-kva.. 440-volt, 690-r.p.m. 
synchronous condenser (lower right) con- 
nected to a blower. This has 500-kva. con- 
denser capacity and 150-hp. mechanical 
load capacity. 


for this service. The controls are 
of the contactor type operated by a 
master controller. The rigs are all 
equipped with air compressor and 
tank for operating gear shifts and 
drum frictions. 

Most lumber companies purchase 
power from a power company when 
available, due to the poor load factor 
in woods operations. A typical in- 
stallation consisting of eight ma- 
chines would have a connected motor 
load of about 4,100 hp., with a peak 
of 3,500 kva., a 5-min. demand of 
1,800 kva., and a monthly consump- 
tion of 145,000 kw.-hr., for a 10-hr. 
working (Continued on page 458) 
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4,500-hp. Kraemer set. 
trated on the opposite page. 


gear. 


the wall. 


Some Trends and 


THIS IS THE power-drive arrangement in the 14-in. merchant 
mill which has just been placed in operation at the Indiana 
Harbor plant of the Inland Steel Company. At 
The two motors of this set are illus- 
All of the stands are driven from 
a 250-ft. lineshaft, at the motor end of which is a reduction 
The bevel gears from the lineshaft are enclosed in the 
large two-piece, cast-iron cases which loom up so large against 
These bevel gears run in an oil bath. 
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Recent Developments in 


Problems of Steel Mill Operation 


Involving the Use of Electrical and Mechanical Power-Drive 
Equipment, Together with Tendencies in Power Generation, 
Distribution and Application 


By ARTHUR J. WHITCOMB” 
Associate Editor, Industrial Engineer 


LECTRIFICATION has been 
E the major trend for some 

time in steel mills. It was 
only a few years ago that electrical 
operation was unknown in the mills 
and now it is fast reaching the point 
where all power-driven apparatus, 
except possibly the blast-furnace 
blowers, is being electrified. The 
main drives of rolling mills are typ- 
ical of progress in the electrification 
of steel mills. At the present time 


*Formerly Assistant Electrical Engineer, 
Wisconsin Steel Company, and prior to that 
Assistant to Electrical Superintendent, Mark 
Plant of Steel and Tube Company of Amer- 
ica, now a subsidiary of the Youngstown 
Sheet and Tube Company. 


obsolete steam-engine drives are giv- 
ing way in greater numbers to mod- 
ern motor drives. This not only per- 
mits the replacement of engines 
whose economy varies with the phy- 
sical condition of the engine but also 


IN PREPARING this article, the 
writer visited nine large steel 
works noted for their modern 
equipment and progressive man- 
agement. Not only operating men 
but also steel-mill consulting en- 
gineers were interviewed regard- 


ing new developments in steel- 
mill practice. This article repre- 
sents what is being done in the 
industry and along what lines the 
men responsible for plant opera- 


tions are thinking. 
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eliminates individual boiler plants 
and long steam lines, thereby con- 
centrating the generation of power 
in single and economical stations. 
The Bethlehem Steel Company at 
its Lackawanna plant has installed a 
7,000-hp., double-unit, reversing mo- 
tor together with a fiywheel motor- 
generator set which replaces a steam- 
engine drive on a 40-in. blooming 
mill. This equipment was placed in 
operation in May of this year. At 
this same plant there is being com- 
pleted a 5,000-hp. installation of a 
reversing motor and flywheel motor- 
generator set which replaces the en- 
gine drive on a 48-in. universal plate 
mill. The Phoenix Iron Company has 
recently replaced engine drives on a 
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24-in. structural mill and a 22-in. bar 
mill. 

Another steel manufacturer has 
replaced the steam engine on the fin- 
ishing stands of a rod mill. The 
roughing and intermediate stands of 
this mill are still engine driven and 
the speed of the engine varies con- 
siderably. Automatic control has 
been furnished to cause the speed of 
the 1,500-hp. motor to exactly follow 
that of the steam engine driving the 
first part of the mill. 

The Carnegie Steel Company has 
recently contracted for two revers- 
ing motors complete with flywheel 
motor-generator sets which are to 
drive a 44-in. blooming mill and a 36- 
in. roughing mill located at its 
Homestead works. A motor drive for 
a 28-32-in. finishing mill has been 
contracted for. These three drives 
are part of an extensive building 
program planned for the replacement 
of old and obsolete equipment. These 
mills will take the place of three 
steam engine-driven structural mills, 
which will be dismantled. 

In Great Britain, although electric 
drive of rolling mills is considerably 
on the increase, steam operation is 
by no means considered a back num- 
ber. Over there, the erection of new 
mills and the modernizing of others 
has necessitated the construction of 
some very large steam engines for 
main roll drive. 

On the other hand, at the World 
Power Conference recently held at 
Wembly, England, a prominent Ger- 
man steel-mill engineer stated that 
the transmission of electrical energy 
over the distances encountered in 
steel plants does not entail more than 
14 to 1 per cent of the cost of high- 
tension, three-phase service and also 
that a motor running light does not 
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DURING the past twelve 
months the steel industry has 
passed through a period of 
very high production in 
which new record outputs 
were established, shortly fol- 
lowed by one of the most 
drastic slumps in its history, 
the worst of which now seems 
to have passed. Ordinarily 
such extremes are not con- 
ducive to marked or radical 
developments in the use of 
power-drive equipment. 
However, this period has 
been characterized by five 
outstanding tendencies and 
developments: namely, (1) 
Replacement of obsolete 
steam-engine drives with 
complete electrical operation. 
(2) Centralization of and use 
of larger units for power gen- 
eration. (3) Installation of 
automatic substations. (4) 
The use of electric precipita- 
tion of dust in blast furnace 
gas. (5) Increased interest in 
the use of ball and roller 
bearings on mill-type and 
general-purpose motors. 
These developments together 
with other general trends in 
the industry are discussed in 
this article. 


take more than 3 per cent of its nor- 
mal output. Tests made on a large 
steel works equipped with modern 
steam pipes have, he reports, shown 
that on a Sunday when all the en- 
gines were disconnected from the 
mills and run light, 60 per cent of 
the full-load steam requirements was 
used. The steam engines running 
light took 20 per cent and the re- 
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maining 40 per cent of the full-load 
steam requirements was lost in the 
steam pipes. 

There is a marked trend towards 
the use of higher-speed induction 
motors geared to main-roll drives. 
This is due to the development of 
herringbone gears, which have 
reached a high degree of reliability 
and efficiency. One manufacturer of 
main-roll drives reports that 70 per 
cent of his equipment is. for use on 
geared drives while another manu- 
facturer states that 90 per cent of 
his new motors for main-roll drives 
are for geared service. It was only 
a few years ago that 25 cycles was 
popular in the steel mills because of 
the low speeds that could be obtained 
for use on direct connection of motor 
and rolls. This is quite the reverse 
from the present tendency to use 
higher-speed motors and has resulted 
in an increased use of 60-cycle power. 

Among many other distinctive in- 
stallations of electric rolling-mill 
equipment is the use of separate 
compound-wound, 240-volt motors on 
each of the four finishing stands 
which are arranged to form a con- 
tinuous train in a 16-in. hot-strip 
mill. Two of the motors are rated 
at 1,500 hp. with 125 to 250 r.p.m. 
speed range, and the other two at 
1,800 hp. with 165 to 850 r.p.m. 
speed range. These motors are said 
to be designed with such close inher- 
ent speed regulation that they op- 
erate throughout their range with- 
out any automatic, speed-regulating 
control. This drive is illustrated on 
page 411. It is believed to be the 
first installation of a drive for a con- 
tinuous hot-strip mill train, which 
has been operated without spe- 
cial control for maintaining correct 
speed. 

At the plant of the Inland Steel 
Company at Indiana Harbor, Ind., 
there has just been completed a 
14-in. merchant or bar mill which is 
driven by what is said to be the larg- 
est Kraemer adjustable-speed set yet 
built. This set consists of a 4,500- 
hp., 500/300-r.p.m., 2,200-volt, 25- 
cycle induction motor, a 1,300- 


This is said to be the largest, Krae- 
mer, adjustable-speed set ever built 
in America. 

This drive has just been placed in op- 
eration in the 14-in. merchant mill of 
the Inland Steel Company. The illus- 
tration shows the 4,500-hp., 2.200-volt 
induction motor and the 1 -700-hp., 480- 
volt, direct-current motor which 18 di- 
rectly coupled to it. The remainder of 
the set, a 1.350 -hp. synchronous con- 
verter, is not shown. The equipment 
gives a speed range from 500 to 300 
r. p. m. and drives the mill shown on the 
opposite page. 
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hp., 100-r.pm., synchronous 
converter and a 1,700-hp., 500/300- 
r.p.m., direct-current motor. The in- 
duction motor and the d.c. motor are 
on the same shaft and are shown on 
page 409. 

The Halcomb Steel Company, Syr- 
acuse, N. Y., is installing two poly- 
phase, brush-shifting, alternating- 
current, adjustable-speed motors in 
its 9-in. and 14-in. merchant mills. 
One of these motors is illustrated on 
page 414. The manufacturer of this 
motor states that, without auxiliary 
apparatus, this motor gives adjust- 
able speed that is practically inde- 
pendent of load. The motor has 
characteristics practically identical 
with the double-range Sherbius 
equipment and fills the need of an 
adjustable-speed a.c. drive where the 
power required is too small to make 
a Kraemer or Sherbius set feasible 
on account of the high initial cost of 
small installations. 

Another interesting development 
has been made in the application of 
synchronous motors to main-roll 
drive. The manufacturers state 
that several successful installations 
were made during the past year. 

Increased use of washed air for 
cooling main-drive motors is noted. 
Washing the cooling air not only sup- 
plies the motors with clean air, thus 
keeping them cleaner, but also by 
having the air intake outside of the 
motor room and having the motor 
room small, it keeps the motor-room 
atmosphere under pressure and thus 
keeps out some of the dirt that would 
otherwise drift in on the air cur- 
rents from the mill. 


CHANGES IN AUXILIARY-DRIVE 
EQUIPMENT 


The mill-type, direct-current mo- 
tor and the general-purpose, di- 
rect-current motor seem to be 
approaching the point where 
they are considered as standard. 
The only changes of note are in re- 


gard to the bearings, of which 
more will be said later in this 
article. With regard to alter- 


nating-current motors, particularly 
the squirrel - cage, general - purpose 
induction type, a number of im- 
provements have been made. Several 
new motors have appeared on the 
market and older types of motors 
have been revamped to improve their 
characteristics. The points at which 
improvements have been made are in 
larger bearings and journals, better 
rotor construction, stronger feet on 
the stator, and improved insulation. 
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An enclosed type of collector has 
been developed for use on motor- 
driven gas compressors. The maker 
states that this has been accom- 
plished by totally enclosing the rings 
in a sheet-steel drum through which 
air is forced by means of a separate, 
motor-driven blower. 

There has also been developed the 
Fynn-Weichsel motor, which is said 
to combine the good characteristics 
of induction and synchronous 
motors with most of the undesirable 
ones eliminated. An interesting in- 
stallation of these motors is being 
made in a drop-forging plant. The 
motor manufacturer reports that ten 
of the motors in that plant will be 
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of squirrel-cage type while another 
ten of equal horsepower will be of 
the Fynn-Weichsel type. The latter 
will compensate for the low power 
factor of the squirrel-cage motors 
and the motor manufacturer states 
that this will give the entire instal- 
lation unity power factor over prac- 
tically the entire load range. Since 
this is the first installation of this. 
type, the service results will be of 
much interest. 

There is an increased tendency to- 
wards using the semi-enclosed type 
of motor instead of the open-type 
motor where adjustable-speed, direct- 
current motors are used on the mill 
floor. The use of gears and direct 


Motor-Driven Main Drives Purchased During Past Year 


| 


COMPANY | MILL 


Ae hison, Topeka & Sante Fe 
R. R. Co i 


in. Bar 
. Bar 


i Bar 
in. Universal Plate 


Rail 
Bryden Neverslip Co 


Burlington Steel Co 
Carnegie Steel Co 


12-in. 
44-in. 
36 -in. 


Merchant 
Blooming 


Crucible Steel Co 
Gary Tube Co 
Globe Steel Tube Co 


Jones & Laughlin Steel Cor- 
poration 


16-in. Cogging 
10-in. Finishing 
‘| Piercing 
Seamless Tube 
21-in. Roughing 


Merchant 
Merchant 
Merchant 
Merchant 
Merchant 
Merchant 
14-in. Merchant 
14-in. Merchant 
12-in Roughing 


14-in. 
14-in. 
14-in. 
14-in. 
14-in. 
14-in. 


Halcomb Steel Co.. 

Kansas City Bolt & Nut Co. 
McConway Torley Co.. 
Pittsburgh Crucible Steel Co. 


J. A. Roebling Sons 

Scullen Steel Co 

Sharon Steel Hoop Co....... 
Standard Seamless Tube Co. 


gaa Coal, Iron & R. R. 


Tyre 

14-in. Finishing 
18-in. Roughing 
Rod 


Cold Roll 
Piercing 
Tube 


0 24-in. Structural 
Timken Roller Bearing Co. . . 35-in. Blooming 
Thomas Sheet Steel Co 
Universal Steel Co Roughing 
„ Electric & Mfg. 


18-in. Blading 


Cold Roll 
Cold Roll 


American Brass Co..... Rolling 
Rolling 
Rolling 
Rolling 
Rolling 
Rolling 
Sheet 


Rolling 
Roughing 
Finishing 
Sheet 


American Metal Products Co. 
Baltimore Copper Smelting & 
Roll. Co 


Illinois Zine Co... 

Rome Brass & Copper Co. 
Scoville Mfg. Co. 

Standard Underground Cable 


Rev. Roughing 
28-32-in. Structural 


COPPER, BRASS AND ZINC N 


MOTORR 


Drive] No. Kr. Vorlrs |Cycves|R. P. M. 


Gear 

Direet 
Direet 
Direct 


Gear 
Gear 
Gear 
Gear 


Gear 


Gear 
Gear 
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Gear 
Gear 
Gear 
Gear 
Gear 
Geur 
Gear 


Rope 


Gear 


Gear 
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Direct 


For list of drives purchased prior to Aug. 1, 1923. see page 475 of the October, 1923, issue 
of INDUSTRIAL ENGINEER. 


September, 1924 


connection for auxiliary drives in 
steel mills seems to be supplanting 
chains or belts that have been used 
on a few of the auxiliary drives. 
This is probably due to the severity 
of shock encountered in the majority 
of steel-mill applications. 


TRENDS IN USE AND INSTALLATION 
OF STEEL MILL CONTROL 


The method of regulating the ac- 
celeration of a motor controlled by 
an automatic controller has long been 
a subject for debate. At the present 
time the series relay is probably the 
most widely-used type in the steel 
mills. Relays utilizing the potential 
drop over the accelerating resistance 
are also in use. There seems, how- 
ever, to be an increased use of the 
time-limit method of acceleration. 


Power-drive equipment of the four 
finishing stands of the 16-in. hot- 
strip mill of the West Leechburg 
Steel Company. 


In illustration A is shown the two 
motor-generator sets which supply the 
power to four motors that individually 
drive the four finishing stands. Each 
set consists of a 2,200-volt synchronous 
motor which drives two 1,000-kw., 250- 
volt, direct-current generators that are 
designed for close voltage regulation. 
The two generators of each set are tied 
solidly in parallel and the two sets are 
operated in parallel. Tha ringle-pole, 
equalizer, circuit breaker which makes 
the equalizing connection between the 
two sets may be seen in the foreground 
at the left. The four motors which 
these generators supply are shown in 
the background in the center of the 
illustration. In illustration B is shown 
one of the four motors. It is rated at 
1,500 hp., 250 volts, 125 to 250 r.p.m. 
and is coupled directly to one of the 
four finishing stands. The remaining 
stands are each separately driven by 
similar motors, one rated at 1,500 hp. 
and the other two at 1,800 hp. Since 
the same strip of steel is in all four 
stands at once, each of the motors must 
run at a different speed, which must be 
maintained approximately constant ir- 
respective of the fluctuations in the 
load, in order to avoid stretching or 
breaking the strip or excessively loop- 
ing it. This condition is said to be 
obtained by the good inherent speed 
regulation of the motors themselves. 
In illustration C is shown the pulpit 
control desk from which the motor 
speeds are controlled. 
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Probably one of the main reasons for 
this is the desire for the simplest 
controller that can be obtained. 

There is also a tendency towards 
a wider use of primary-resistance 
starters, for induction motors. One 
of the main arguments advanced in 
favor of the primary-resistance 
starter is its simplicity and the ease 
with which it may be repaired in 
case of trouble. This is something 
that appeals to the average operating 
man. One engineer whom the writer 
interviewed went so far as to say 
that in his belief the primary-resist- 
ance type of starter would be the 
eventual starter for this type of 
motor. 

Standardization of resistors has 
been with us a long time and yet it 
does not seem to make as rapid head- 
way as it should. At one plant re- 
cently visited the writer found pos- 
sibly an extreme case of the cost of 
not standardizing resistors. In that 
plant after completing the installa- 
tion of a new mill it was found nec- 
essary to buy $1,000 worth of resist- 
ors to provide adequate spare protec- 
tion. The reason for this expendi- 


ture was because practically no two 
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resistor frames in the installation 
were alike and interchangeable. This 
plant is now limiting control manu- 
facturers to four sizes of resistor 
frames when buying new controllers. 
That is, in equipping a new mill with 
controllers, all of the control would 
be bought from one manufacturer 
and he would be limited to four sizes 
of resistor frames in designing the 
control. Some of the other plants 
visited were limiting manufacturers 
to five and six capacities of resistors. 
Still another plant buys its contro!- 
lers without resistors and then pur- 
chases all of its resistors from one 
manufacturer, thus standardizing on 
one make of resistor and at the same 
time limiting the number of sizes. 
This latter plan has the disadvan- 
tage, however, that it is not so easy 
to hold the manufacturer account- 
able for the performance of his ap-: 
paratus if he does not supply the 
controller complete with resistors. 
One of the manufacturers has de- 
veloped a railway resistor, which is 
interchangeable, both electrically and 
mechanically, with other resistors on 
the market. The unit consists of a 
sheet-steel, punched end frame with 
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Eight Drives for Steel Mill Main Rolls 


Showing Four Methods of Obtaining Adjustable Speed 


A—Rod-mill motor room in 
the Whitaker Glessner plant 
of the Wheeling Steel Corp. 
At the left is a 3,000-kw. mo- 
tor-generator set. A closeup 
RA view of the other machines is 
è kin a l ; shown in B. 


W ` 

AN: 7 * A B—At the left is an 800-hp., 
oma ow ia 706/320-r.p.m., 600-volt, d.c 
motor driving the intermedi- 
ate stand. The two 750-kw., 
250-volt motor-generator sets 
supply the power for the aux- 

iliary drives. 


C—Frequency-converter, con- 
stant-horsepower, adjustable- 
speed set driving the 12-in. 
bar mill of the Scullen Steel 
Company, St. Louis, Mo. 


D—Two 2,000-hp., 83%-r.p.m., 
induction motors driving a 
plate mill of the Youngstown 
Sheet & Tube Co. 


E—Motor room of the 44-in. 
blooming mill of the Bethle- 
hem Steel Company at Steel- 
ton, Pa. A similar installa- 
tion is just being completed 
at the Lackawanna plant. 


F—A 1,500-hp., wound-rotor 
induction motor driving 
through a reduction gear the 
first group of roughing stands 
of the 16-in. hot-strip mill of 
the West Leechburg Steel Co. 


G—The 1,000-hp., adjustable 
speed, Kraemer set driving 
the 12-in. merchant mill of 
the Central Steel Co. 


H—Adjustable-speed, 2,000- 
hp., Kraemer set at the works 
of the Interstate Iron & Steel 
Co., Chicago, Ill. 
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sufficient holes to make possible its 
support on the same bolt-hole cen- 
ters as other generally used resistors. 
A new line of punched-steel resistors 
has been developed which the maker 
states are free from breakage and 
economical in space. 

A manual controller for motor-op- 
erated skip hoists has been devel- 
oped to compete with the steam-op- 
erated skip hoists used on small 
blast furnaces. An automatically- 
controlled, motor-operated skip hoist 
is rather expensive, except for the 
larger blast furnaces. 

There is a decided trend towards 
much more substantial housing of 
the control apparatus. Not long ago 
it was common practice to put the 
control panels next to the walls of 
the mill floor without any protection 
except possibly a railing in front of 
the panel. The next step was to put 
the control panels on an open balcony. 
This was followed by the present 
practice of completely housing the 
control apparatus. At a mill which 
was recently completed the control is 
housed in a two-story brick struc- 
ture, the lower floor of which holds 
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the control panels, while the resist- 
ors were mounted on the upper floor. 
In another mill that has just gone 
into operation the control equipment 
is mounted on a balcony in the mill 
proper. This balcony is totally en- 
closed, has a good tight door and 
large windows so that one can see 
the motor controlled when standing 
in front of any panel. One of the 
objections advanced against a sepa- 
rate control house has been that it is 
impossible to see the action of the 
apparatus being controlled when 
standing near the control panel. 
The use of a long balcony with win- 


Special attention was paid to the 
safety provisions in this open 
hearth, which was completed this 
year at the South Chicago plant of 
the Wisconsin Steel Company. 


Steel stairways are used throughout in- 
stead of ladders. A walkway is pro- 
vided adjacent to each crane runway. 
All “live” electrical equipment is. on. 
closed; in fact, the only exposed ‘ 

parts are the collector rails and theses 
cannot be reached except from a lad- 
der. The upper illustration shows the 
charging floor. One of the two 7 -ton 
floor charging cranes and the 100-ton 
hot-metal crane can be seen. The lower 
illustration shows the pouring side of 
the furnace. One of the two 176-ton 
pouring cranes may be seen. 
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dows in the front does away with 
this objection. In places where the 
panels must be put in the mill proper, 
the tendency is to enclose the panel 
completely in a sheet-iron cabinet 
with doors on the front and rear, 
which are kept locked. Keys are 
given to authorized repairmen. 

In the same mill using the en- 
closed control balconies, a very flex- 
ible arrangement of conduit runs 
was noticed. The conduit running 
from the control balconies was 
grouped and carried along the side 
of the building as much as possible. 
At junction points wherever conduits 
ran to the individual motors a large 
junction box was installed and all 
conduits at that point were termi- 
nated in the box. This made several 
convenient points of access to each 
conduit running from the control 
balcony to each motor. This makes 
a system very much like an under- 
ground cable conduit system with 
manholes leading into the conduits 
at frequent intervals, with the ex- 
ception, of course, that most of the 
conduit in the mill is on the walls 
of the building. The final stretch 
between the wall and motor is un- 
derground. This same mill used 
separate conduits for the shunt leads 
of compound-wound motors and also 
provided testing clips on each con- 
trol panel so that a meter could be 
quickly inserted in the motor arma- 
ture circuit without causing any in- 
terruption of the motor power sup- 
ply. 


DEVELOPMENTS AND TENDENCIES IN 
SUBSTATIONS 


One of the outstanding develop- 
ments of the year has been the first 
installation in steel mills of fully- 
automatic control for motor-gener- 
ator substations. The Edgar Thom- 
son works of the Carnegie Steel 
Company at Pittsburgh has con- 
tracted for the necessary equip- 
ment to automatically control five 
motor-generator sets in three sub- 
stations. The equipment is said to 
be full automatic and to provide for 
the automatic starting of machines 
by load demand and automatic stop- 
ping by the use of under-load relays. 
Pull-button switches are to be pro- 
vided for starting and stopping the 
machines from the power house. 
Another equipment has been sold to 
the McKinney Steel Company and 
two more are to be installed at the 
Lackawanna plant of the Bethlehem 
Steel Company. 

In talking with operating men the 
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writer has found the consensus of 
opinion to be that automatic substa- 
tions for steel-mill use are decidedly 
the coming thing. Some men stated 
that they could see application of au- 
tomatic control only to isolated sub- 
stations when there is no other 
equipment requiring an operator, 
such as an ore-dock, blast furnace, or 
open-hearth substation. Others, 
however, see a more universal appli- 
cation, believing that automatic con- 
trol should be applied to the large 
mill motors, pumps, etc. 

It has been felt by many engineers 
in the steel-mill industry that auto- 
matic-substation equipments would 
not necessarily be justified, due to 
the fact that the equipment is not 
spread over a large territory, but 
the importance of reducing labor 
costs seems to be overruling this 
opinion. 

The automatic control at Edgar 
Thomson works is to be full auto- 
matic. Most operators approached 
on the subject seemed to have a pref- 
erence for a control that would be 
handled by some central load dis- 
patcher, as the power-house operator. 

Some of the reasons advanced for 
the adoption of automatic substa- 
tions are: (1) Eliminates operators; 
(2) makes no mistakes in switching; 
(3) does switching faster; (4) im- 
proves load factor, and (5) does 
things that an operator cannot do, 
such as discriminating between a 
gradually increasing overload and a 
suddenly applied overload. 

With regard to the second reason 
mentioned above, R. F. Wensley has 
stated before the Association of 
Iron and Steel Electrical Engineers 
that on one large traction system, a 
careful analysis of maintenance costs 
actually showed that the cost per 
kilowatt of installed capacity for 
maintaining the automatic substa- 
tions was less than that of the man- 
ual substations. Human failures 
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Roughing-stand motor in a rod and 
wire mill. 


It is rated at 2,870/1.435 hp., 400/200 
r.p.m., 600 volts direct current and is 
located at the Portsmouth works of the 
Wheeling Steel Corporation. 


The left-hand illustration shows 
one of the two 600-hp., adjustable- 
speed, alternating-current motors 
now being installed at the Syra- 
cuse plant of the Halcomb Steel Co. 


The motor has primary and secondary 
windings similar to a slip-ring induc- 
tion motor except that the primary 
winding is placed on the rotor and the 
supply is connected to the slip rings. 
In the same slots as the primary wind- 
ing is placed a regulating winding 
which is brought out to a commutator, 
shown at the right of the machine. The 
secondary or stator winding has each 
phase brought out separately, one end 
of the phase to one brush yoke and the 
other end to another brush yoke. The 
brush yokes are mounted one at each 
end of the commutator and are shifted 
by a mechanism constructed to move 
the brush yokes in opposite direc- 
tions. The secondary winding is con- 
nected so that the circuit through each 
phase is completed by means of the 
commutator. When the brushes of both 
yokes are in line on the same commu- 
tator bar, the secondary phases are 
short circuited and the motor operates 
as an induction motor. Inasmuch as 
the regulating winding is placed in the 
same slots as the primary winding, an 
alternating voltage of constant flux is 
induced in the regulating winding by 
the primary flux. -As the brushes are 
moved apart a section of the regulating 
winding is included in series with the 
secondary winding, thereby injecting 
into the secondary circuit a voltage 
which, by proper design, has the effect 
of changing the speed of the motor. 
This voltage may be made to assist or 
oppose the voltage of the secondary 
winding, thereby causing the motor to 
operate either above or below synchro- 
nous speed. The right-hand illustra- 
tion shows an 800-hp., 2.200-volt. 60- 
cycle, 109-r.p.m., synchronous’ motor 
driving a tube mill of the Globe Steel 
Tube Corpany, Milwaukee, Wis. 
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causing expensive damage was the 
explanation. The automatic stations 
made no operating mistakes. 

Ever so often bobs up the old ar- 
gument as to whether to use motor 
generators or rotary converters for 
converting alternating current to 
direct current in the steel mill. Mo- 
tor generators have come to be re- 
garded as almost the standard equip- 
ment for steel-mill use. Reasons for 
this, advanced by different operating 
men, are: (1) Simplicity; (2) reli- 
ability; (3) voltage control, and 
(4) power-factor correction, that 
may be obtained from the motor- 
generator set. 

There is, however, an increasing 
tendency towards the use of rotary 
converters as is shown by several 
important installations that are be- 
ing made. The main reason for this 
is that a gain in efficiency of approxi- 
mately 4 per cent is obtained for the 
usual size of.machine found in steel 
mills. This means a nice saving on 
all the direct-current power that is 
used. Other claims made in favor of 
the rotary converter as compared 
with the motor-generator set are: 
(1) The power-factor correction ob- 
tainable with the number of stand- 
ard motor-generator sets in opera- 
tion in a medium-size steel plant is 
not sufficient to be of much account. 
(2) It is cheaper to buy generator 
equipment to take care of the low 
power factor, since the short trans- 
mission distance leaves the transmis- 
sion lines entirely out of the ques- 
tion. 

In substation layouts the general 
tendency is to enclose all live parts 
possible and provide for greater 
safety. In a new substation being 


considered at one plant even the di- 
rect-current feeders will be con- 
trolled by remote-control, electric- 
ally-operated, carbon circuit break- 
ers. The proposed installation will 
large knife 


do away with the 
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switches and will provide a more con- 
venient arrangement of buses and 
outgoing feeders. The engineer in 
charge of the plant believes that the 
installation will be cheaper than an 
equipment of manually-operated cir- 
cuit breakers with knife switches, 
etc., installed on the operating floor 
‘of the substation. 


TRENDS AND TENDENCIES IN POWER 
GENERATION 


B. R. Shover, a steel-mill consult- 
ing engineer, at the recent World 
Power Conference at Wembly, Eng- 
land, pointed out the following as be- 
ing the present and probably future 
‘tendencies of power generation in 
the iron and steel industry: 


(1) Complete economical utilization 
of waste heat by converting it to steam 
to use in turbo-generators for electric 
power generation, except where this 
heat can be used to better advantage 
for a process in steel making or has a 
market value greater than its coal 
equivalent. $ 

(2) Purchase of power requirements 
by plants which have no waste heat 
available. 

(3) Interchange of electric power 
between plants generating power from 
waste heat and public service compa- 
nies. 

Centralization and the use of 
larger units are the predominating 
tendencies in power houses that are 
now being built in the steel mills. 
As would be expected, the steel mills 
are following the developments that 
have become established practice in 
the central-station field. Among the 
more important trends in the boiler 


house are the use of higher steam 
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Magnetic charging machine which 
delivers the skelp into the furnace 
chamber. 


The machine has two motor-driven, 
magnetic rollers upon which the skelp 
is laid. The magnetic attraction makes 
up for the lack of weight in the skelp 
and hence the tendency of the compara- 
tively light skelp to slip off the rollers 
is overcome. This charging machine is 
in the butt-weld pipe mills at the Mark 
plant of the Youngstown Sheet & Tube 
Company. 


pressure and larger boiler units. 
There was a time when 100-125 lb. 
was a very good steam pressure. Of 
more recent years 200 Ib. has been 
more widely used. Several of the 
new steel-plant power houses will use 
300 Ib. steam pressure. This neces- 
sitates some radical changes in the 
boiler house, such as the use of 
welded pipe to take care of the 
higher pressures, the use of unusual 
expansion fittings and the like. 
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Many plants have several small 
boiler houses scattered around the 
plant and interconnected with pipe 
lines. In each of these boiler houses 
are several small units. The tendency 
is to consolidate the steam-generat- 
ing equipment into one larger boiler 
house using large units. Some of the 
new boiler-house installations that 
are to be made in the steel mills will 
use 1,200-hp. boilers. 

Blast-furnace gas is the main fuel 
used for power generation, in the 
steel mills. It may be converted into 
electrical power by means of gas-en- 
gine driven generators or by means 
of steam boilers and turbo-genera- 
tors. Although the gas engine and 
alternator is undoubtedly the most 
economical combination for convert- 
ing blast-furnace gas into electric 
power, the present tendency is to use 
boilers and turbo-generators. The 
reason for this trend is due to the 
fact that for an ordinary-size steel. 
plant, the gas from at least three 
furnaces is required to furnish the 
power for the rolling mills. In case 
less than three furnaces are operat- 
ing continuously, additional power 
must be obtained from steam stand- 
by service or from an outside source, 
because the gas engines cannot run 
from coal unless gas producers are 
maintained. Consequently the trend 
is towards the use of gas-fired boil- 
ers and turbo-generators. The boil- 


Power drive of the 20-in. hot-strip 
mill of the Otis Steel Company, 
Cleveland, Ohio. 


The upper illustration shows three 
1,500 - hp.. 280/420-r.p.m., 600 - volt. 
shunt - wound, direct - current motors 
driving the first three finishing stands. 
The lower illustration is a general view 
of the motor room. The two motors at 
the left are two of the three shown in 
the top illustration. In the center are: 
three similar motors except that they 
are rated at 1,800 hp., 115/230 r.p.m. 
At the right are three 1,500-kw. syn- 
chronous converters. 
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ers can be arranged for the use of 
both coal and gas. Quite often the 
outside power is not to be obtained 
or if obtainable a high demand 
charge is required while the power 
is not being used. 

More and more attention is being 
paid to the economies that can be 
effected in the day-to-day operation 
of the steel-plant power house. 
There is noticed a tendency to put 
more highly-trained men in charge of 
the power plant. To insure the at- 
tainment of the most efficient results, 
one steel plant has placed its power 
plant under the direct supervision of 
an engineer who is trained in central- 
station operation. The power plant 
is made into a department by itself 
with its head reporting directly to 
the chief engineer or general super- 
intendent, as the case may be. The 
gas from the blast furnaces is me- 
tered before it reaches the boilers. 
The blast furnace is credited with 
the value of the gas furnished to the 
power house and the power house is 
charged for the gas. The power gen- 
erated in the power house is metered 
on the high-tension feeders as it 
leaves the power house on its way 
to the various departments. Hence 
accurate costs of the operation of 
the power plant can be obtained, for 
it is possible to measure exactly all 
the raw materials and labor required 
for the production of power, and to 
measure accurately the output of 
the station. 


SIXTY CYCLES AND 2,300 VoLTS BE- 
COMING MORE POPULAR 


The alternating - current voltages 
most popular for steel-mill use seem 
to be 2,300 volts for generation and 
distribution and 440 volts for the 
auxiliary, alternating- current mo- 
tors. Since the distance from the 
power house in a medium-sized plant 
is seldom over a mile, the use of 
2,300 volts usually gives the best 
all-around economy. 

The trend is more and more to- 
wards the use of 60 cycles. The de- 
velopment of reliable and efficient 
gears has taken away the main ad- 
vantage of 25 cycles (slow speed for 
direct drive) and 60-cycle energy, 
with the increased variety of speeds 
possible and the less expensive appa- 
ratus required, is growing rapidly in 
steel-mill usage. 

In a recent extension to a 25-cycle 
power plant it was found cheaper to 
install a 60-cycle turbo-generator and 
a frequency converter to obtain the 
required 25-cycle power, than to in- 
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stall a 25-cycle turbo - generator. 
This places this plant in line to 
change to 60 cycles at some future 
date. 

More attention is being paid to the 
ventilation of steel-plant power 
houses in order to eliminate as much 
of the dust as possible. At one plant 
visited by the writer an air washer 
in the basement drawing air from 
outdoors supplied washed air at dif- 
ferent outlets on the turbine floor. 
This places the air in the room at 
a higher pressure than that outside 
the building; hence air will blow out 
of any window or other opening to 
the outside atmosphere and thus 
help to prevent dirt from entering 
the building. Arrangements have 
been made to heat the air in the win- 
ter time. A separate air washer is 
provided for the turbo-generator. It 
operates as a closed system; that is, 
the same air is continuously recircu- 


These two drives illustrate the 
tendency to use higher-speed motors 
driving through reduction gears. 


The drive shown at the top is a 5,000- 
hp., 6,600-volt. 60-cycle, 595-r.p.m.. 
slip-ring induction motor driving a rail 
mill of the Tennessee Coal, Iron & 
Railroad Company, Birmingham, Ala. 
In the lower illustration is shown the 
wound-rotor induction motor that 
drives the second group of roughing 
stands in the 16-in. hot strip mill of 
the West Leechburg Steel Company. It 
is rated at 1.500-hp., 2,200 volts, 60 
cycles. On the pinion shaft of the re- 
duction gear, which is coupled direct 
to the motor shaft, are two 31.500-lb., 
.cast-steel flywheels, 74 in. in diameter. 
The secondary of the motor is provided 
with a slip regulator which automatic- 
ally increases the resistance in the sec- 
ondary of the motor and thus permits 
the flywheels to carry the peak of the 
load, thus lowering the demand on the 
power supply. 
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lated through the generator after be- 
ing cooled by an air washer. 


MARKED INTEREST IN BALL AND 
ROLLER BEARINGS 


The subject of applying ball and 
roller bearings to electric motors has 
been before operating men of the 
iron and steel industry for several 
years. During the past year, how- 
ever, a much greater interest has 
been shown. A number of steel-plant 
engineers have made applications of 
both ball and roller bearings and are 
very enthusiastic about the satisfac- 
tory results obtained. The writer 
has talked with a number of operat- 
ing men who are either experiment- 
ing with ball and roller bearings or 
are about to do so. They feel that 
these bearings are the coming thing 
and are trying them out so as to 
have some service experience to 
guide them before making complete 
installations in their mills. 

One large mill already has three- 
hundred sets in operation and an- 
other new mill is installing three- 
hundred sets of both ball and roller 
bearings with the idea of making a 
complete investigation of the subject. 

Ball and roller bearings were first 
tried with the hope of getting away 
from oil troubles and of obtaining 
longer bearing life rather than in 
obtaining less friction loss. One 
large user claims that the following 
advantages have resulted in his use 
of these bearings: (1) Reduced elec- 
trical (Continued on page 456) 
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Methods That 
May be Applied for 
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conditions. 


Increasing Arc of Contact 


With Low Belt Tension 


In Belt Drive Installations Whereby the Distance 
Between Shafts May Be Shortened and the Pulley 
Ratios Increased over Ordinary Practice 


By FRANK E. GOODING 


Associate Editor, Industrial Engineer 


ELT TENSION and arc of 
B contact are two of the most 

important factors to be con- 
sidered in a belt-drive installation. 
The arc of contact is determined by 
the ratio in sizes of the two pulleys 
and the distance between them, un- 
less some mechanical means is used 
to increase this arc. 

Ordinarily, belt tension is deter- 
mined by the degree of tightness or 
looseness in the belt when it is put 
on. This is usually fixed by guess. 
However, a belt loosens as it wears 
in, and also the tension is affected 
somewhat by the atmospheric condi- 


tions. Each of these factors is of 
greater importance with large belts, 
as it is too expensive to allow an 
additional 25 or more per cent width 
to the belt and pulleys or an addi- 
tional ply to take care of these fluc- 
tuations. 

When belts were used on low-speed 
engines operating at 75 to 80 r.p.m. 
to drive lineshafts at 150 to 200 
r.p.m., the distance between the 
shafts and the engine was usually 
great enough and large driven pul- 
leys were used with a consequent low 
ratio in diameter between the driver 
and the driven, so that the arc of 
contact was sufficiently close to 180 
deg., in most cases, to give a satis- 
factory drive. Also, as the distance 


AS PULLEY CENTERS of a belt drive approach each other 
the ordinary drive works more and more at a disadvantage, 
either by reason of insufficient arc of contact between the 
belt and one of the two pulleys or through lack of elasticity 
due to the necessary increase in belt tension, or to both 
These disadvantages result in excessive slip- 
page between belt and pulleys and eventually in excessive 
power transmission losses. 
overcoming these difficulties are explained in this article. 
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Special mechanical means for 


This shows how floor space may be con- 
served by compact drives. Originally this 
90 kw. alternator was mounted on the 
floor alongside of the engine which drove 
a lineshaft on the other side of the brick 
wall. The patches show where the belt 
went through. Another belt came back 
from the lineshaft to the alternator. This 
drive which has belt centers of only 7 ft. 
6 in. eliminated a lineshaft and another 
return belt. 


between shafts was usually consid- 
erable, the weight of the belt caused 
enough dip in the slack side to in- 
crease the arc of contact on the small 
pulley. This also helped maintain a 
normal permanent tension on the 
pulley bearings, irrespective of the 
condition of the weather. In some 
cases belt dressings are used to per- 
mit a larger amount of slack in the 
belt and a consequent increase in 
the arc of contact. As a factory 
grows and the power to be transmit- 
ted by a main drive belt is increased 
above the original demand under 
which it was installed, slipping of 
the belt is a normal result. To pre- 
vent this, belts were often put on 
under such high tension as to cause 
bearing trouble, due to excessive 
pull. 

More modern industrial practices 


have lead to the increased use of 


higher-speed motors of 600, 900 and 
1,200 r.p.m., instead of engines, to 
drive machines and lineshafts. Al- 
though the speeds of lineshafts have 
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been increased to from 200 to 300 
r.p.m., the ratio of the pulley diam- 
eter is greatly increased. This is be- 
cause it is usually impractical to use 
an extra large diameter pulley on a 
machine or lineshaft; as a result it 
is necessary to use small pulleys on 
the driving motor. The expense of 
industrial space and the likelihood 
of extra long belts “flapping” have 
made it impractical to place the 
shafts much farther apart than was 
the previous practice. However, this 
increase: in pulley ratios decreased 
the arc of contact on the smaller 
pulley. 

The arc of contact on a belt drive 
installation may be determined by 
the special formula given by R. E. 
Moore, Chief Engineer of the Chas. 
A. Schieren Company, New York, 
N. Y., in his booklet entitled: “Prac- 
tical Facts About Belting.” The 
method of computation is reproduced 
in the box on this page. Also, this 
formula may be used as shown to 
determine the proper center distance 
necessary to obtain a satisfactory 
arc of contact. It is not recom- 
mended to use a drive with an arc 
less than 165 deg., and never less 
than 155 deg., on the small pulley 
without some means, such as an idler 
or other means of obtaining greater 
tension or arc on the pulley. Cen- 
ter distances, found satisfactory in 
practice as given by Mr. Moore, are 
10 ft. to 12 ft., on small countershaft 
drives, using 2-in. to 6-in. belts; on 
medium countershaft drives, using 
6-in. to 10-in. belts center distances 
of approximately 14 ft. to 18 ft. are 
used. On large countershaft drives 
with 10-in. belts and over, approxi- 
mately 18 ft. to 25 ft. between shafts 
is satisfactory. On main drives with 
12-in. belts and up, it is seldom prac- 
tical to use a center distance over 
35 ft., as it makes the belts too long 
and also adds to the cost. Where an 
excessively long center distance 
would be necessary to give the neces- 
sary arc of contact a shorter center 
with a flexible idler is often used. 

Before discussing types of idlers, 
it may be well to say that in their 
use some practices detrimental to the 
belt are commonly observed. First, 
unless properly applied, they may ex- 
ert too great tension. Second, the 
idlers are often too small in diameter 
for the thickness of the belts. Third, 
they cannot be used with any belt 
joint which does not give a smooth 
contact on both sides of the belt. 
The means of obtaining proper ten- 
sion in the belt will be discussed 
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How the ordinary belt tightener 
idler is installed. 


With tightening devices of this kind 
the additional driving power is ob- 
tained by increasing the tension of 
the belt. This increases the difficulty 
of lubrication. lso, it does not 
permit of any fluctuating tension in 
the belts, due to changes in atmos- 
pheric conditions except by the man- 
ual manipulation of the tightener. 
This type of tightener increases the 
arc of contact of the belt on the 
small pulley only a small amount. 


later. A heavy belt cannot be bent 
around a pulley of small diameter 
without injury, even if the arc of 
contact of the idler pulley is small. 
The idler pulley should never be 
smaller in diameter than is recom- 
mended in the accompanying table, 
page 419, also given by R. E. Moore, 
for a minimum diameter of a driving 
or driven pulley. Also, it is seldom 
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advisable, unless necessary, to use a 
three-ply belting because of the dou- 
ble flexure or reverse bending of the 
belt installation. A cemented end- 
less belt joint will pass most readily 
through the reverse bend due to an 
idler and is recommended by belt 
manufacturers on all heavy driving 
installations. Wire or mechanical 
connections which bend on a hinge 
joint are next most satisfactory in 
operation if they offer a smooth sur- 
face in contact with the pulleys. 
Rawhide lacing gives an uneven sur- 
face on one side. Plates cannot be 
used as they would cause a jump or 
jerk of the belt on the bearings each 
time they passed under the idler 
pulley. If fabric belts are used they 
should be purchased endless for all 


This shows the saving of floor space 
possible through a short center 
drive. 


In an ordinary belt drive pulley 
ratios of not over 1 to 5 are recom- 
mended and also sufficient center dis- 
tances, as found by the formula in 
the box below, are necessary for sat- 
isfactory results. This shows how 


center distance may be decreased and 
the pulley ratios increased and still 
maintain the same circumferential 
belt contact on the small pulley by 
increasing the arc of contact. 


Simple Method of Determining 
Arc of Contact and Center Distance of Open Drives 


THE ARC of contact of a belt on the 
smaller pulley may be found by the 
use of the following empirical for- 
mula and reference to the table. Note 
that the diameter of the two pulleys 
is measured in inches and the center 
distance in feet. The formula is: 


D — d (in inches) 


Center distance (in feet) E 
R is a ratio factor and by referring 


to the following table the correspond- 
ing arc of contact (without allowance 
for sag) may be determined. 


CORRECTION 
F ACTOR 


ARC 


Ratio R of CONTACT 


00 n 8e 


The correction factor is practically 
the efficiency of the belt due to the 
decreased arc of contact. Experience 
has shown that in laying out large 
compressor drives and drives with a 
large difference in diameter between 
the two pulleys the arc of contact on 
the smaller pulley should never be 
less than 155 deg. For good practice 
it has been found that an arc of con- 
tact of less than 165 deg. necessitates 
operating the belt under high tension. 

Conversely, to determine the neces- 
sary center distance to be allowed in 
order to obtain a certain arc of con- 
tact on the smaller pulley: Divide 
the difference in diameter (in inches) 
of the two pulleys by the ratio factor 
R. (Refer to the table and choose 
value opposite the arc of contact de- 
sired.) This gives the center distance 
(in feet). Or, expressed as a formula: 
D — d (in inches) . 
— — — Center distance 

(in feet) 
NOTE: From “Practical Facts About 


Belting.” Chas. A. Schieren Co., New 
York City. 
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cases where it is possible to install 
an endless belt. 

There are in general two types of 
idlers used to tighten belts. One of 
these consists of a pulley which may 
be moved up or down, or horizontally, 
or on a slant by means of a screw 
or rack and pinion. Means are usu- 
ally provided for locking the tight- 
ener in position so that it will main- 
tain that tension and not slip back. 
This does not permit of reducing the 
high tension except by manual ma- 
nipulation when the belt is idle, nor 
will it automatically compensate for 
atmospheric changes affecting the 
belts. Also, there is no means of 
judging the tension created except 
by guess with a resultant danger of 
too high pull on the bearings, which 
may cause bearing failure, and an 
excessive pull on the belt which may 
be great enough to exceed its elastic 
limit so that the belt will lose its 
power of returning to normal length 
and tension after it stops and may 
stretch excessively or finally pull 
apart. This type of tightener gen- 
erally adds to the tension only as it 
is seldom placed near enough to the 
small pulley to add much to the arc 
of contact, as is shown in the sketch 
on page 418. This type of idlers is 
often used on conveyor belts and also 
operates satisfactorily on many slow- 
speed and some high-speed transmis- 
sion installations. 

Another common type of idler is 
one which applies an idler pulley on 
a swinging arm and maintains ten- 
sion by means of counterweights or 
by springs, and may or may not 
have a means of varying the ten- 
sion of the spring. There are many 
types of these and, of course, some 
are much better than others in that 
they are designed and attached more 
scientifically to the belt in relation 
to the load and service conditions. 
Many times these are homemade. 
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Five Advantages of the 
Belt Wrapping Drive 


1—Increases the arc of contact 
between belt and pulley. 
2—Maintains, constantly and 
accurately, the proper ten- 
sion in the slack side of the 
belt. 
3—Saves floor space, building 
space and belting because 
| of freedom in pulley loca- 
| tions. 
4 Saves in bearing friction, 
| lubrication and renewal of 
| bearings because of re- 
duced bearing pressure. 
, 5—Permits the use of less ex- 
pensive, high speed and 
| high efficiency motors or 


generators because of the 
higher pulley ratios. 


Some of the causes of trouble from 
their operation results from their 
being weighted too heavily, causing 
excessive tension; pulley may be too 
small in diameter for the grade of 
belt; pulley may be too light or not 
applied with enough pressure and so 
bounce and cause fluctuating tension 
and a jerky drive. Many of these 
types do not have any means for 
easing up on this high tension when 
idle. Also in many cases they are 
not placed in the most advantageous 
location in relation to the pulleys. 
Perhaps the most common fault lies 
in that they are quite frequently de- 
signed primarily to increase the ten- 
sion of the belt. 

A well designed idler, such as the 
belt wrapping Lenix drive manufac- 
tured by F. L. Smidth & Company, 
50 Church St., New York, N. Y., has 
the five points of advantage as given 
in the accompanying table. This de- 
vice wraps the belt around the pul- 
ley and so increases the amount of 


Minimum Diameter of Pulleys 


Over Which Leather Belts May Be Successfully Operated 


WEIGHT 


Light 
Medium 
Heavy 
Light 


Medium 
Heavy 


Up to 8 in. Single 


Up to 12 in. Double 


Up to 24 in. Triple Heavy 


LINEAR VELOCITY OF BELT IN 
FEET Per MINUTE 
1,000 


2,000 3,000 AND UP 


3 in. 
4 in. 
6 in. 
6 in. 
12 in. 
14 in. 


36 in. 


21% in. 
3 in. 
5 in. 


2 in. 
3 in. 
4 in. 

5 in. 
10 in. 
13 in. 


30 in. 


4 in. 
8 in. 
10 in. 


24 in. 
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belt surface in contact with the pul- 
ley, thus giving it increased pulling 
power without materially adding to 
the tension, except as increased ten- 
sion is created by the greater amount 
of power transmitted. 

An arc of contact, the first point, 
sufficient to transmit the load may 
be obtained naturally by the use of 
long pulley centers and slack belt. 
This, of course, involves a large 
amount of floor space. In some cases 
sufficient floor space is not available: 
in other cases it is not desirable or 
practicable to put the shafts far 
enough apart to give sufficient arc of 
contact to enable the belts to trans- 
mit the full amount of power. Also, 
if there is a large pulley ratio, it 
would not be practicable to put the 
belts far enough apart. 

One artificial method of increasing 
this arc of contact between the pul- 
ley and the belt is by tension idlers, 
as explained, or by idlers of the flex- 
ible, resilient type which act as belt 
wrapping devices, as is shown in 
several of the accompanying illus- 
trations. In illustration A. page 420, 
for example, a 1,400-hp. Corliss en- 
gine is driving a lineshaft pulley 
with a 50-in. three-ply belt. Before 
this drive was installed, the engine 
could not deliver more than 900 hp. 
to the lineshaft pulley, because 
through lack of sufficient arc of con- 
tact the belt would not hold on the 
pulley when the load was raised 
above 900 hp. The special drive at- 
tachment has wrapped itself around 
practically three-fourths of the cir- 
cumference of the small pulley and 
enabled the belt to deliver the full 
1,400 hp. to the lineshaft. 

A good example of the method 
used to maintain the proper belt ten- 
sion, the second point, is shown in 
the illustration B. Here two com- 
pressors each with two overhung 
flywheels and two three-ply belts 
are driven from a lineshaft. The 
shaft is in turn connected to a 200 
hp. motor. For a year the plant en- 
deavored to drive these compressors 
with open belts. However, as no two 
belts will stretch to the same degree 
it was impossible to keep both of 
them at the proper tension so that 
each would take an equal share of 
the load. With the special drive, as 
shown, applied in parallel to each belt 
the load is evenly divided between 
the two belts so that they automat- 
ically take care of periodically wide 
variations of the power demands of 
these double-belted compressors. 

Saving floor space, the third point 
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Five Examples of Lenix Drive Applications 
Together with Some of the Power-Saving Features of Each 


of the lineshaft pulley is wrapped by the belt, 
which under ordinary conditions would hardly 
give an arc of contact much over 180 deg. Before 
this drive was installed the 50-in., three-ply belt 
drive would deliver little more than 900 hp. be- 
cause there was not sufficient arc of contact on 
the lineshaft pulley. After the drive was installed, 
the full capacity of 1,400 hp. was obtained. 


B— The proper belt tension is obtained by this spe- 


cial drive through the wrapping of the pulley and 
by the use of a counterweight. Each compressor 
has two belts driven from a lineshaft. This would 
not be possible without some device as this to 
maintain the proper tension in the belt, because 
ordinarily the two belts would not stretch or give 
equally and therefore one belt would be taking 
the load. The belt tension is maintained without 
a great increase in pressure on bearings. 


C- The possibility of saving floor space by a close- 


ly-centered drive is shown here where the belt 
centers were shortened approximately 31 feet. 
As a result enough room was gained so that an 
additional unit could be installed. This 300-hp. 
gas-engine-driven, alternating-current generator 
is placed on pulley centers 10 ft. apart. The 
engine pulley is 114 in. in diameter and the gen- 
erator pulley is 27 in. Another example of sav- 
ing floor space is shown at the head of this article. 


A—Practically three-fourths of the circumference D—Reduced bearing pressure is obtained in this 


case by giving a much larger arc of contact to 
the small driving pulley and so placing more of 
the belt in contact with the pulley instead of 
pulling the belt so tight that it would not slip. 
If tension were obtained on this 200-hp. motor 
driving an ammonia compressor, by simply tight- 
ening the belt it would require a three-bearing 
motor instead of a two-bearing motor, at an addi- 
tional original cost. 


E— High pulley ratios are possible with a special 


drive of this type. With ordinary practice the 
natural arc of contact between two pulleys does 
not permit the use of pulleys of a ratio higher 
than 1 to 5, but the pulley ratio here is 114 to 10. 
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Four sizes of Lenix drives. 


These drives, from left to right, are 
used on installations of from 2 to 
15 hp., from 10 to 25 hp., from 20 to 
50 hp., and from 40 to 100 hp. Drives 
larger than this are practically al- 
ways made special as the conditions 
Surrounding them are such that a 
standard design is not practicable. 


in this table, often becomes an im- 
portant factor, especially when it is 
desired to add an additional unit. 
Enlarging the building is always 
expensive even if it is possible. How- 
ever, due to the extra long belt cen- 
ters which are often used in old in- 
stallations, it is sometimes possible 
to put units closer together and so 
save enough floor space to install ad- 
ditional units. One example of this 
is shown in the illustration at C, 
page 420, where, when the two units 
were put close together with a spe- 
cial Lenix tightener, it was possible 
to shorten the belt center distance 
approximately 31 feet. This was a 
300-hp. gas-engine-driven alternator 
with an engine pulley 114 in. in diam- 
eter and 31 in. face. The alternator 
pulley was 27 in. in diameter with 
27 in. face. When the two were 
moved closer together the pulley cen- 
ters were only 10 ft. apart. This 
not only gave room for an additional 
unit, but the drive also eliminated 


belt slipping and trouble generally 
and at the same time increased the 
capacity of the unit about 25 per 
cent by eliminating losses. 

Another interesting example of 
saving space is shown in the illus- 
tration at the head of this article. 
Here a 90-kw. alternating-current 
generator is mounted on a platform 
back of the steam engine flywheel 
with an actual pulley center of only 
7 ft. 6 in. The generator was origi- 
nally mounted on the floor in what 
would be the foreground in the pho- 
tograph. The patches in the brick 
wall show where the belt passed 
through the wall from the engine to 
a lineshaft in the next room. The 
belt passed back through the wall to 
the generator pulley. This installa- 
tion not only eliminated one belt and 
a lineshaft but also freed the floor 
of the generator and the belt which 
formerly crossed it. 

Reduced bearing pressure, the 
fourth point of advantage of drives 
of this type, offers a tangible saving 
to the users of belt drives by a de- 
crease in friction loss and a saving 
in lubrication and power. Ordinar- 
ily in an open belt drive it is neces- 
sary to have an initial tension in the 
belt sufficient to transmit the power 
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without slipping. This initial ten- 
sion is often not so necessary in in- 
stallations with belt width above 
normal rating for the load or with 
long pulley centers. A high initial 
tension causes an increased bearing 
pressure with continual unproductive 
operating friction losses which may 
result in a burned-out bearing. 
Wrapping the belt around the pulley 
gives more surface contact with the 
pulley and eliminates the need of this 
excessive tension. This 1s well illus- 
trated in the 200-hp. two-bearing 
type motor driving the ammonia 
compressor shown in D, page 420. If 
it were necessary in this case to have 
a high initial tension in the belt it 
would require a three-bearing motor 
with an additional original cost. 

High pulley ratios, the fifth point, 
are practically a necessity with the 
application of modern high-speed 
motors for the driving of industrial 
equipment or transmission lines. Or- 
dinary belt practice limits the pulley 
ratio to about 1 to 5 on an open drive 
installation. The use of a high-speed 
motor requires a gear or worm speed 
reducer, a jackshaft reduction or a 
pulley diameter ratio much higher 
than the standard of 1 to 5. The 
illustration shown in E is of a 500 
hp. motor driving an ammonia com- 
pressor with a pulley ratio of 114 to 
10. Installations have been made 
with a pulley ratio as high as 1 to 
15. Such large ratios would be im- 
possible if it were not for some such 
method as this of increasing the 
amount of belt in contact with the 
pulley. Without some such mechan- 
ical device as this the belt would 
touch only a small are of the pulley 
and could not drive anywhere near 
its rated load. 

If a low-speed motor had been sup- 
plied it would have added consider- 
ably to the installation cost. In ad- 
dition low-speed motors operate at 
a slightly lower efficiency than do 
high-speed motors. While this dif- 
ference is small it would amount to 
considerable over several years of 
operation on such a large installation 
as this one happens to be. 


A ball-bearing idler drive is used be- 
tween the motor and a compressor. 


An 8-in. pulley is used on the 10-hp., 
670 r.p.m. motor and is connected 
with a center distance of 2 ft. 11 in. 
to a 42-in. flywheel on the compres- 
sor by an 8-in. four-ply Goodyear 
light duck friction surface belt, made 
endless at the factory. It is always 
best to use endless belts on these 
drives because of the reverse bend 
when going over the idler. Practi- 
cally all types of fasteners will cause 
the idler to jump somewhat as it 
goes under the idler. 


Ordinarily, it is not possible to in- 
stall a driving motor directly under 
the lineshaft. 


Ordinary practice requires that belts 
be installed at an angle of about 65 
deg. as a maximum because other- 
wise too high tension would have to 
be maintained in the belt to prevent 
it from sagging from the lower pul- 
ley. Here the natural sag is taken 
advantage of to increase the arc of 
contact on the small driving pulley. 
This is a feature which has a wide 
application in lineshaft drives. The 
same plan can be used as advantag- 
eously if the small driving or driven 
pulley is placed overhead. 


In the ordinary belting installa- 
tion even with comparatively long 
centers it is not practical generally 
to use vertical drive; that is, to place 
the two shafts in a vertical line. 
Ordinary practice requires that the 
two shafts be at an angle not more 
than 65 deg. from the horizontal. As 
the angles of the two shafts ap- 
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Another good example of the possi- 
bility of saving floor space. 


Here is not only a short center drive 
but also a vertical drive where, under 
ordinary conditions, it would not be 
practical to use either. The starting 
equipment is mounted just below the 
motor platform. 


proach the vertical there is a tend- 
ency for the belt to hang loose, due 
to its own weight, from the lower 
pulley. Two or three of the illustra- 
tions accompanying this article show 
how this belt wrapping drive may be 
applied to overcome this difficulty. 
In one case, for example, this spe- 
cial overhead connection is used as 
the control for a paper beater. Here 
the two beater pulleys are on the 
floor above while the driving motor 
is connected through a shaft exten- 
sion and flexible coupling directly to 
the 150-hp. motor. By means of an 
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Before this drive was installed 
this belt gave considerable trouble. 


Due to the fact that this drive had 
such short centers with the tight side 
at the top and the steep angle from 
the horizontal, it was necessary to 
shorten the 30-in. heavy double-belt 
frequently in order to maintain the 
heavy initial tension necessary to 
avoid slipping and burning. The 
newly tightened belt would transmit 
about 250 hp., but would have to be 
tightened again in about a month. 
With the increased arc of contact, 
due to the addition of the drive, the 
original belt now transmits regularly 
300 hp. and is good for at least 
350 hp. if necessary. 


extension wheel on the floor above, 
the operator of the paper beater may 
disconnect either of the beaters from 
the motor, as shown on page 455. 
In addition to the points which 
have already been covered, this type 
of drive has other special applica- 
tions of interest. For example, in one 
case the starting duty of a motor ona 
tube mill in a cement works requires 
double the full-load torque. In addi- 
tion the belt was subjected to sud- 
den reversals of strain or tension 
from the tight side to the ioose side 
of the belt. This presented an op- 
erating condition which would be 
very difficult to handle with open 
belt. However, the addition of an 
oil dash-pot to steady the drive when 
starting avoided all belt slipping and 
flapping during the starting period. 
After the drive is operating the 
drive returns to normal position and 
re-establishes the regular minimum 
amount of tension incidental to ordi- 
nary driving. Another interesting 
installation is in connection with a 
number of (Continued on page 455) 


Driving this large hydraulic pump 
with two 140-hp. motors presented 
some out-of-the-ordinary problems. 


When two motors are used to drive 
one machine, the most important 
problem is the accurate adjustmert 
of the driving device so that each 
motor carries only its full share of 
the load. This makes it necessary to 
use some means whereby the tension 
is maintained equally on each belt 
irrespective of the fact that neither 
will stretch equally. Therefore, it 
was not possible to maintain tension 
by moving the motors on the slide 
rails, or to use fixed tension devices. 
However, belt drive is preferred here 
because of the amount of flexibility 
permitted between the motor and the 
pump. How these drivers and mo- 
tors were installed may be seen from 
the illustration. 
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Changing a Steel Mill 
Main Roll Motor Drive 


To Give Increased Capacity Together with Details 
of the Installation and Rearrangement of the 


Equipment 


By A. W. McAULY 


Chief Electrician, Edgewater Steel Co., 
Pittsburgh, Pa. 


MONG many other installation 
A io in an old steel plant that 
was undergoing an almost 
complete rebuilding, was the instal- 
lation of a complete electric drive 
for a rolling mill. This mill was a 
tire mill and consisted of two main 
drives: a roughing mill and a finish- 
ing mill. Due to the special charac- 
ter of the work to be done by the 
mill, the torque requirements could 
not be accurately determined in ad- 
vance so what was supposed to be 
due allowance as a safety factor was 


made and the electric equipment or- 
dered. Since variable speed was re- 
quired, it was decided to use an 
Ilgner system or Ward-Leonard sys- 
tem with the addition of a fly-wheel 
for the motor control. 

Two sets of equal size were or- 
dered, one for the roughing-mill 
drive and the other for the finishing- 
mill drive. Each set consisted of a 
750-hp., 600-volt, direct-current, 160- 
r.p.m., shunt-wound, 1100-amp. mo- 
tor supplied with variable-voltage, 
direct-current power from a fly- 
wheel, motor-generator set, consist- 
ing of an 850-hp., 2200-volt, 3-phase, 
60-cycle, wound-rotor, induction mo- 


THROUGH no fault of the manufacturer the electric drive 
in this mill was not large enough to run the mill at its 
This was because it was very difficult to 
estimate the torque requirements of the mill and because 
the operating conditions were somewhat changed from the 
In this article Mr. McAuly tells what 
changes and rearrangements were necessary to obtain the 
This interesting, experience illustrates 
the possibilities of changing the characteristics of electrical 
machinery to meet operating conditions which are different — 
from those for which the machinery was designed. 
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Fig. 1—Motors in tandem driving 
the roughing stands of a tire mill. 


In the original installation the left-hand 
motor was located on the foundation 
where the right-hand motor is now 
placed. As the one motor did not have 
power enough to drive the roughing 
mill, a duplicate motor, except that it 
had a larger shaft, was obtained and 
installed as shown. 


tor, a 1214-ton flywheel and a 750- 
kw., 600-volt, compound-wound, di- 
rect-current generator. In addition 
to this, there was a slip regulator to 
control the power input to the motor 
of the flywheel motor-generator set 
and a 10-kw., 125-volt, direct-cur- 
rent, compound-wound, exciter for 
furnishing the field excitation of the 
mill motor and the generator sup- 


*plying it. The exciter was driven by 


a small induction motor. There were 
also switchboard control panels, mas- 
ter controllers and other miscella- 
neous apparatus. 

As the buildings which were to 
house the mill equipment formed a 
part of the old plant, it was neces- 
sary to install the motors in a pit 
in one of the mill buildings. Conse- 
quently. no motor house could be 
planned. The motor-generator set 
with switchboards and control equip- 
ment was to be installed in a sub- 
station 100 ft. or so from the build- 
ing housing the mill Foundations 
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for the mill motors were laid, cable 
trenches were dug, and fibre conduit 
laid in cement to take the lead-cov- 
ered cable between the substation 
and the mill. Traveling cranes were 
available in the mill building for the 
erection of the mill motors but there 
was no crane in the substation. The 
heaviest parts to be handled in this 
building were the 12'%-ton fly- 
wheels, so the erecting equipment 
was planned accordingly. 

The floor of this building is of re- 
inforced concrete, 9 in. thick, sup- 
ported from 24-in. I-beams spaced 
414 ft. apart, with a basement un- 
derneath. The available space was 
roughly 30 ft. by 60 ft. In this space 
were to be installed two flywheel 
motor-generator sets, two slip regu- 
lators, two exciter sets and the 
switchboard and auxiliary control 
apparatus. One bad feature was the 
necessity of cutting a slot in the con- 
crete floor, 12 in. wide and 8 ft. long, 
for the lower part of each flywheel. 
Each set was located so that the slot 
would have a minimum weakening 
effect upon the floor. The weight of 
the parts to be handled and the 
strength of the handling equipment 
was very carefully considered. Two 
timbers about 14 in. square were set 
on end with a beam across the top 
and secured with angle iron and 
bolts. Heavy steel blocks were hung 
to this beam and were reeved with 
steel hoisting cable 34 in. in diam- 
eter. A husky hand winch was se- 
cured to one side of the building, and 
this outfit together with jacks, bars, 
rollers and plenty of man power soon 
had the larger parts in place. 

The bed plates were leveled, the 
machined surfaces and the pedestals 
carefully cleaned and the shims 
placed according to the numbering 
by the manufacturer. Special care 
was taken to protect the insulation 
from the slings used in handling the 
large pieces by the use of heavy 
hardwood planking to space the 
cables. Burlap was used on the 
cables where they looped around 
shafting. We tried to prevent the 
smallest amount of dirt from getting 
into the bearings during erection 
and apparently succeeded for no 
bearing trouble of any kind devel- 
oped. 

It may not be out of order to in- 
sert a word of caution here, for the 
benefit of those who have had no 
experience with heavy electrical ma- 
chinerv. The eye bolts should only 
be used to lift the ton half of the 
frame and not the whole machine. 
The manufacturer should be asked 
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tor information bulletins regarding 
the installation well in advance of 
the arrival of the machinery. This 
provides an opportunity to procure 
any special tools or other apparatus 
needed for erection. The bed plates 
in many cases are liable to bend and 
crack, unless the weight is well dis- 
tributed over the entire base, hence, 
when moving bed plates with ma- 
chines assembled on them, end roll- 
ers should be used under the skids 
upon which the machine is shipped 
and not directly under the iron bed 
plates. 

After the heavier parts of the in- 
stallation in the substation were in 
place, the motors driving the main 
rolls were erected. Since there were 
cranes in the mill building, this was 
very easy after the hand methods 
necessary with the motor-generator 
sets and the work progressed rap- 
idly. 

The switchboard and control 
equipment now began to arrive. 
Boxes of all sizes by the dozen were 
unloaded from cars and trucks until 
it seemed as though we would be 
snowed under. However, by check- 
ing the crate numbers against the 
shipping lists, it was possible to de- 
termine the contents of most of the 
boxes without opening them. They 
were then tagged so that anyone 


could easily identify the needed box 


Fig. 2—Motor-generator sets which 
furnish the power supply for the 
motors shown in Fig. 1. 


In the original installation the right- 
hand motor-generator set supplied the 
roughing-mill motor and the left-hand 
set (only nart of it can be seen) sup- 
plied the finishing-mill motor. In the 
final installation these two sets were 
used to supply the roughing-stand mo- 
tors only. Notice that the fivwheels 
have been removed. The exciter set 
has been mounted over a part of the 
space where the flywheel was in the 
right-hand set. 


— 
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and piled in such a manner that the 
tags could be read without moving 
the boxes. Practically no trouble oc- 
curred when the parts were assem- — 
bled. 

When the first trial of the drive 
was made, the motors “would not 
pull your hat off” to use a phrase 
sometimes applied to a balky horse. 
Breakers were blown as fast as they 
could be reset. The circuit-breaker 
settings were gradually increased 
until the overload rating of the mo- 
tors was exceeded, and still the 
breakers would blow. The motor- 
generator set would slow down ex- 
cessively, in spite of the heavy fly- 
wheel. The lack of sufficient torque 
was so apparent as to suggest that 
something was wrong, either in the 
wiring or the machine windings. 
Everything was checked over and 
over without disclosing anything of 
importance. Finally, after the ma- 
chine completely failed to do any 
work, the manufacturers were noti- 
fied and they very promptly re- 
sponded. 

_ Upon the arrival of the manufac- 
turers’ engineers the motors were 
tried again and readings taken. 
Computations were in order and 
there was a general mixture of all 
kinds of mathematics. Slide rules 
were much in evidence. In despera- 
tion, the switches which short cir- 
cuit the slip regulators were closed, 
thus running the induction motors 
driving the motor-generator sets 
without resistance, and consequently 
preventing the motors from slowing 
down so much and doing away with 
nearly all of the flywheel effect. 
This, of course, increased the input 
peaks to the driving motors. The 
motor-generator sets, however, soon 
began to show signs of distress and 
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it was decided to put one mill motor 
on two motor- generator sets in par- 
allel, inasmuch as they now seemed 
to be suffering more than the mo- 
tors. This was Saturday afternoon. 
Heavy busbar copper was sawed up, 
a double-pole double-throw switch 
was made, the cables were rear- 
ranged and the control changed so 
that first the roughing-mill and then 
the finishing-mill motor could be put 
on the two generators of the motor- 
generator sets running in parallel. 
This work was done that night. Con- 
nections were checked, voltage read- 
ings taken at the field terminals and 
shortly before noon the next day 
everything was in readiness for the 
next test. 

The next day the sets were started 
and a bloom was brought out. The 
overload breakers were set at about 
3.000 amp. We rolled the piece but 
tripped the breakers. The motor 
generators were not being crowded, 
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Fig. 3—Switchboard which controls 
t he alternating- current motors 
driving the three motor- generator 
sets and the main direct- current 
feeders to the mill driving motors. 


hence, entire attention was paid to 
the motors. The breakers were 
raised to trip at 3,600 amp., and the 
rolling continued. At times the cur- 
rent would trip the breakers at this 
setting. Vicious sparking occurred 
at the commutators. It was decided 
to roll in this fashion until larger 
motors could be obtained. We had 
been forced to the painful conclu- 
sion that the motors were too small. 

Operations were started that week 
with depressed spirit. The motors, 
of course, were heating badly and 


Fig. 4—This motor drives the fin- 
ishing stand of the tire mill. 

In the foreground is shown the control 
panel for controlling the fleld of this 
motor and also the field of the genera- 
tor that is shown in Fig. 6 
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constant watch was required. The 
brushes would burn off at the heel, 
due to the sparking, and had to be 
ground in every few days. We 
would cover a portion of the commu- 
tator with shellac and sprinkle very 
fine sand over it and allow it to dry. 
A few minutes’ run of the motor 
would then grind the brushes to a 
better fit than could be obtained by 
hand. The sand was removed by 
washing with alcohol. 

During our discussion of the 
problem it was agreed that condi- 
tions would be improved by reducing 
the speed of the motor if we could 
increase the torque in proportion. A 
reduction gear had been suggested 
and considered, but for several rea- 
sons it seemed to be impracticable. 
One day it was noticed that the air 
gap between the pole pieces and the 
armature of the mill motor was com- 
paratively large, approximately w in. 
It was believed that this could be 
reduced to about m in. without me- 
chanical trouble and that it would 
reduce the speed and increase the 
torque for a given armature current. 
The manufacturer’s district engi- 
neer was asked for advice and he re- 
ported that he could see no objec- 
tion to doing this. The next week 
end, soft iron shims were placed 
under the field poles of the roughing- | 
mill motor, thus reducing the air gap 
about 50 per cent. Upon starting 
rolling Monday morning we were de- 
lighted to note a very decided im- 
provement and we were deluged with 
questions from the mill crew as to 
what we had done over Sunday. 

The success of this expedient sug- 
gested that it might be possible to 
still further magnetize the field 
poles; so it was decided to trv a 
higher voltage on the shunt fields, 
which were desiened for 125 volts 
and excited by the 10-kw. exciters. 
The next week end, the shunt fields 
were connected to our 250-volt. direct- 
current buses, with an adiustable 
resistance in series. The field tem- 
perature was watched closely and 
the resistance set to allow the fields 
to take all the current the windings 
would stand. Based on the reduc- 
tion in mill-motor speed with a giv- 
en applied voltage to the armature, 
it was estimated that the total in- 
crease in torque, obtained by the 
two expedients, was 25 per cent. It 
is regrettable that exact. values could 
not be obtained. However, the 
change was remarkable. Sparking 
at the commutators was reduced to 
a negligible amount on the finishing 
mill, and it was only on the heavier 
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drafts on the roughing mill that 
bad sparking still occurred. It now 
appeared that one motor- generator 
set would pull each mill, on account 
of the reduction of the mill-motor 
speed, so, without advertising the 
fact, we shut off one motor-genera- 
tor set. 

The mill ran nearly a week on 
different kinds of work, without any 
complaint, so it was decided to put 
each motor on its own motor-genera- 
tor set. This was done with a ma- 
terial increase in production. Our 
only trouble now was with the 
larger drafts on the roughing mill. 
By taking advantage of, everything 
possible, we were still at times badly 
overloading the roughing-mill motor. 
A recording thermometer was used 
on the hottest place in the system, 
which was the winding of the induc- 
tion motor driving the motor-gen- 
erator set supplying the roughing- 
mill motor. A green circle was 
drawn on each chart as a danger 
line, and the substation operator 
instructed to lower the voltage de- 
livered to the generator fields, when 
the temperature approached this 
danger line. This would reduce the 
mill-motor. speed, but would not af- 
fect the torque. The power required 
of the motor-generator set would be 
less, which would reduce the current 
in the driving motor. During these 
periods of heavy work, we were in 
constant danger of burning out some 
of the windings. 

Another mill motor was ordered, 
which was to be a duplicate of those 
installed, with the exception of a 
larger armature shaft. This motor 
was to be coupled directly to the 
roughing-mill shaft, and the old mo- 
tor coupled to the new. Before de- 
ciding upon the motor-generator set 
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to be ordered with the new motor, 
several things were considered. Our 
load cycle was of such character that 
the load peaks were of too long dura- 
tion for the size of the flywheels. 
Short circuiting the slip regulators 
threw the burden of the peaks di- 
rectly on the driving motor, and in- 
creased the height of the input 
peaks, but decreased their duration. 

This increase in demand was not 
considered of long enough duration 
to materially affect the demand me- 
ters, which are of 15-min. period. 
It seemed better to use a somewhat 
larger driving motor and eliminate 
the flywheel. If no flywheel were 
needed, it would be possible to use 
a synchronous motor with its better 
power factor. 

Increasing the capacity of the 
drive on the roughing mill about 
100% by using two motors connec- 
ted in tandem on the same shaft as 
described previously, would place the 
weakest spot in the whole installa- 
tion in the driving motor of the mo- 
tor-generator set supplying the fin- 
ishing-mill motor. Here was an op- 
portunity to strengthen this point, 
by connecting the new motor-genera- 
tor set to the finishing mill and mak- 
ing the driving motor as large as 
was needed. These changes are 
shown in the accompanying dia- 
grams. The left diagram of Fig. 5 


Fig. 5—The changes shown in these 
diagrams illustrate the flexibility 
of arrangement that can be ob- 
tained with electric drive. 


The installation shown at left did not 
have capacity to drive the roughing and 
finishing mills. At right the two motor- 
generator sets A and B are supplying 
the roughing-mill motors C and F. F is 
a duplicate of C except that it has a 
larger shaft. The finishing mill is 
driven by the same motor D but this 
motor is now supplied from a higher 
capacity. synchronous motor-generator 
set E which was installed later. 


Motor : Genera for Ser 


l „A | 
| J- } 
p S 
J. Phase, 
A.C 600- 
Volt, 


d.c. 


Motor-Generator Set 


| mill motors 


n Finishing- 
mill motor 


Vol.82, No.9 


shows the original installation with 

the motor-generator sets A and B 

supplying the motors C and D respec- 

tively. At the right is the final 
arrangement with motor-generator 
sets A and B supplying the two 
motors C and F which now drive the 
roughing mill only. F is a duplicate 
of C except that it has a larger shaft 
on account of this shaft having to 
transmit the torque of two motors 
instead of one. D is the old finish- 
ing-mill motor and is now driven by 
the higher capacity synchronous 
motor-generator set E. A larger ex- 
citer unit was alsó necessary, inas- 
much as the fields on the finishing- 

mill motor were able to take more 

current than the old exciter would 

supply, so the capacity of this unit 
was doubled. The following equip- 
ment was decided upon: 

1— Mill motor: to be duplicate of old 
motor, except with a larger 
shaft with extension on both 
ends. 

1— Motor-generator set consisting of: 

1—1100-kva. (720-r.p.m., 2,200- 
volt synchronous motor. 
1—-750-kw., 600-volt, d.c. generator, 
duplicate of the first generators. 
1—25-kw., 125-volt exciter set. 
1—-Switchboard with synchronous-mo- 
tor starting and control equip- 
ment. 

2—3,600-amp., solenoid-operated, air cir- 
cuit breakers, with remote con- 
trol. 

Several meters of larger capacity to re- 
place those supplied with first 
outfit. 

This equipment eventually arrived, 
and by moving a large motor driving 
an air compressor, space was made 
for the new motor-generator set. In- 
stalling this unit was a compara- 
tively simple job, as it arrived com- 
pletely assembled. The base, how- 


ever, was not strong enough to sup- 
port the machine without a particu- 
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lar arrangement of wedges under it. 
The bolts in the coupling were loos- 
ened and the base deflection was in- 
dicated by the distance between dif- 
ferent points on the coupling flan- 
ges. The wedges were adjusted un- 
til the coupling faces were parallel 
and then the base was grouted in. 
How well the units line up is shown 
by the fact that only a slight pres- 
sure on the end of the shaft when 
the machine is running, is enough 
to set the armature into lateral os- 
cillation. Fig. 6 shows the new mo- 
tor-generator set. The motor was 
removed from the foundation in the 
roughing mill and the new motor 
with the large shaft installed in its 
place. The old motor was then con- 
nected up direct in line, and coupled 
to the new motor by a “Fast Flexible 
Coupling.” 

The method used in lining up the 
two motors was as follows: The mill 
shaft bearings were first put in good 
repair; then a line was run from a 
point on the center of the front end 
of the mill shaft, through a similar 
point on the back end of the mill 
shaft, and across the building con- 
taining the motors. A steel binding 
wire was stretched tightly across 
mill and motors on this line, and 
plumb bobs were dropped to center 
punch marks on the shafts of the 
mill and motor. This gave the cor- 
rect line up in a horizontal plane. 
The level or line up in a vertical 
plane, was obtained bv the use of a 
surveyor’s level. An additional check 
was made at the coupling flanges 
which were found to coincide ex- 
actly. The two old motor-generator 
sets were to supply the direct-cur- 
rent power to this two-motor com- 
bination. The cables were arranged 
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Fig. 6—Synchronous motor-gener- 
ator set for supplying power to the 
finishing-mill motor shown in Fig. 4. 


This set was the one that was added to 
the original installation. Since no need 
was found for the flywheels in the or- 
iginal motor-generator sets, they were 
omitted from this set and this permit- 
ted the use of a synchronous motor in- 
stead of a wound-rotor induction motor. 
An exciter set is shown in the back- 
ground at the left. 


so that the voltage between units, 
was kept down to the voltage of one 
set by connecting the motors and 
generators alternately in series as 
shown at the right of Fig. 5. Fig. 1 
shows the new arrangement of two 
motors in tandem. 

The reserve capacity of the rough- 
ing-mill drive now made it possible 
to use the small 125-volt exciters fur- 
nished with the original equipment, 
on the motor fields of roughing-mill 
drive, instead of the higher voltage 
we had used as an expedient. These 
two exciter generators were connec- 
ted in series, which provided a three- 
wire d. c. system with 250 and 125 
volts available. A tap was taken off 
the 125-volt bus, for operating the 
magnetic contactors which control 
the main generator fields, and to 
supply two contactors which are ar- 
ranged to insert a fixed resistance in 
series with the mill-motor fields, 
when the motors are idle. The shunt 
fields of the two roughing-mill mo- 
tors were connected in series, sup- 
plied with 250 volts from the exciter 
system described above, and con- 
trolled by the master controller in 
the pulpit of the roughing mill. 

The fields of the motor-generator 
sets supplying the roughing-mill 
motors are controlled from the mas- 
ter controller mentioned. On ac- 
count of the greater inductance of 
tnis circuit it was necessary to re- 
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place the blow-out coil on the genera- 
tor-field contactor, with one having 
a greater number of turns, in order 
to properly handle the arc at the 
contacts. 

The new motor-generator set was 
connected to the finishing-mill mo- 
tor without any changes in control, 
except to connect the shunt fields and 
the generator fields of the motor- 
generator set, to the new 25-hp., 
125-volt exciter. The weakest place 
in the whole system is now the ar- 
mature of finishing-mill motor, but 
on account of the drafts on the fin- 
ishing mill being lighter, this motor 
is not overloaded. 

The flywheels on the old motor- 
generator sets were now quite gen- 
erally regarded as a nuisance. It 
was evident that the induction mo- 
tors on the motor-generator sets 
would easily furnish power for the 
peaks, without trouble, and appar- 
ently at no disadvantage. With the 
flywheels it took some time to start 
the sets, and as they would run from 
90 to 125 minutes after shutting off 
the power, it was not possible to give 
them any attention over noon peri- 
ods or between shifts. At one time 
a shorted generator coil could have 
been prevented, by stopping the set 
and cleaning out the burning dirt 
under a band, but it was not possibie 
to stop the outfit quick enough. We 
decided to get rid of them. The 
manufacturer was asked for advice 
and agreed that for our conditions 
we would be better off without them. 
We could not find a buyer for them, 
so we cut them from the shafts by 
the oxy-acetylene process. They were 
12 ft. in diameter, and 10 in. thick. 
We built a shanty around the wheel 
to protect the electrical machinery 
and at an expense of three days’ 
labor for the cutter and helper, 32 
tanks of oxygen, and about 6 tanks 
of carbo-hydrogen we removed one 
wheel. Later we removed the other. 

This resulted in a saving of power, 
reduction of weight on the floor, and 
also quite a saving of space, due to 
the removal of the flywheel casing 
and the mounting of the exciters on 
the flywheel base as shown in Fig. 2. 
A considerable amount of power is 
lost from a high-speed flywheel due 
to windage, and this power was 
saved. It may seem that a greater 
power saving would result from re- 
moving the 12 ½-ton weight from 
the bearings, but such was not the 
case, as is proven by the fact that 
the center bearings ran aS warm as 
before (Continued on page 457) 
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Step-by-Step 
Methods of 


Laying Out 
Motor Wave 
Windings 


With Schematic Dia- 
grams of All the Steps 
and Winding Diagrams 
Showing An Induction 
Motor Winding at Dif- 
ferent Stages of the Job 


By A. C. ROE 


Renewal Parts Engineering Department, 
W estinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


HE STATORS of two-and- 
three-phase induction motors 
are quite often wound with 
what is called a wave winding. In 
a wave winding, correspondingly 
placed conductors under adjacent 
poles are connected in series, the cir- 
cuit proceeding from pole to pole 
one or more times around the core, 
and not forward and back upon it- 
self as in a lap winding. The cir- 
cuits are then interconnected in such 
a manner as to give the requisite 
phase relation. The total number of 
these circuits must be a multiple of 
the number of phases and is ordin- 
arily twice the number of phases. 
A wave-connected or wave winding 
is also defined as one wherein the 
armature circuit, after leaving a cer- 
tain coil group, re-enters that coil 
group after it has passed through 
at least one other coil group of the 
winding. 

The definitions just given apply to 
wave windings as used in alternat- 
ing-current motors. This winding 
should not be confused with the 
same winding used in direct-current 
machines. The direct-current wave 
winding is sometimes called a two- 
circuit winding, whereas, in the al- 
ternating-current wave winding 
commonly used, there are two eir— 
cuits per phase, but each phase in a 
two-layer winding consists of two 
sections, that is, a two-phase wind- 
ing would have four sections and a 
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three-phase winding would have six 
sections. These sections can be con- 
nected in series and if each section 
has an equal number of coils, the 
two sections per phase can be con- 
nected in parallel. With the alter- 
nating-current wave winding, only a 
series and a two-parallel connection 
is possible, regardless of the number 
of poles, although in some cases 
where there are two or more coils 
per cell, the total turns can be re- 
duced and the cross section of the 
copper increased by putting the coils 
in the same cell in parallel. This 
is explained later in this article. 


THIS is the first of a series of 
articles on alternating - cur- 
rent wave windings. Wave 
windings are used in the sta- 
tors of two- and three-phase 
induction motors and also on 
the rotors of wound-rotor in- 
duction motors. This article 
gives step-by-step methods of 
laying out a wave winding for 
the stator of an induction 
motor. Succeeding articles 
will give short-cut methods 
and tabulations of data for 
use in laying out this type of 
winding and also methods of 
checking up the accuracy of 
the layout. 
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This stator is wound with a two- 
layer wave winding. 


The machine is rated at 125 kva., 250 
volts, 720 r.p.m., 60 cycles, three-phase 
and is manufactured by the Burke 
Electric Company of Erie, Pa. It has 
ten poles and sixty slots. It is wound 
with what are termed half coils, that is, 
there are sixty bottom coils and sixty 
top coils connected into one-turn coils 
by the clips that are shown at the ends 
of the coils. 


The wave winding as applied to 
the stators of induction machines 
must be electrically balanced, that is, 
each phase should contain a like 
number of coils or turns. Then, in 
order to have an equal number of 
coils in each phase and section, the 
number of active slots must be a 
multiple of the number of poles 
times the number of phases. For 
example, the number of slots for a 
four-pole, three-phase, two-layer 
winding would have to be 12, 24, 36, 
48, 60, 72, 84, 96, etc. 

The wave winding as used in al- 
ternating-current machines is al- 
ways made up of strap or bar copper 
coils using the modern two-layer 
winding with diamond-shaped coils, 
or the one bar per slot and involute 
and connector type of winding. The 
illustration on page 429 shows a one- 
turn, strap-copper coil used in a 
wave winding, and the illustration 
at the top of this page shows a wave- 
wound stator. 

The _ alternating-current 
winding is comparatively 


wave 
simple 
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once its principles are understood. 
In fact, quite often a connection dia- 
gram is unnecessary when working 
on these windings, providing that 
the number of slots, poles and phases 
is known. 


METHOD OF FORMING A SERIES OF 
COILS 


In Fig. 1 are shown four poles 
spaced 90 mechanical degrees apart, 
that is, there are 90 degrees between 
the center line of one pole and the 
center line of the adjacent pole. Un- 
der the center of each pole is a small 
circle that represents a conductor on 
the armature, the conductors being 
numbered 1, 2, 3, and 4. In Fig. 2, 
four additional conductors are intro- 
duced, the electrical spacing between 
the conductors we will assume as 
being 30 electrical degrees. The 
fundamental principle of the wave 
winding is that all conductors that 
are at the same potential at any 
given instant, are to be connected in 
series. Therefore, in a four-pole 
machine, there will be four such 
points, six in a six-pole machine, 
eight in an eight-pole machine, etc. 
In Fig. 1, conductors 1, 2, 3, and 4 
occupy the same relative position, 
that is, each is directly under the 
center of a pole, and disregarding 
any irregularities in the air gap, 
each conductor will be at the same 
potential. The direction of flow of 
current, however, is not the same. 
for conductors 1 and 3 are in a field 
of polarity opposite to that in which 
conductors 2 and 4 are located. This 
is shown by the arrows in Fig. 3. 
For a current to flow, there must 
be provided a closed circuit. This 
is done in Fig. 3, by starting at the 
front end of conductor 1 and attach- 
ing a lead, A: as is shown by the dot- 
ted line. The back of conductor 1 
is connected to the back of a con- 
ductor exactly one pole pitch away, 
either to the right or to the left. 
In Fig. 3, the full line connects the 
backs of conductors 1 and 2. The 
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Figs. 1 and 2—The small circles 
under each phase represent con- 
ductors on the armature. 


Conductors 1, 2, 3, and 4, occupy the 
same relative positions on the arma- 
ture, hence each conductor will be of 
the same potential at the same instant, 


front of conductor 2 must be con- 
nected to the front of a conductor 
one pole pitch away in the direction 
first started, hence, the front ends 
of conductors 2 and 3 are connected 
as shown by the dotted lines between 
the two conductors. The back of 
conductor 3 must.be connected to the 
back end of a conductor one pole 
pitch ahead as shown by the full 
line. A lead is attached to the front 
end of the last conductor and it is 
brought over to and almost touching 
the lead from conductor 1. If these 
two leads were connected together, a 
closed circuit would be formed and 
a current would flow. The circuit 


Diamond-shape coil for use in a 
wave winding. i 

Although this is a one-turn coil for a 
two-layer winding having four con- 
ductors per slot it is practically the 
equivalent of a two-turn coil, for the 
first series of coils around the winding 
connects the outside straps of each coil 
and on the second time around the ar- 
mature the inside straps are connected 
in series with the outside straps. Conse- 
quently each coil is passed through 
twice. To reduce the number of turns 


by one-half. this coil can be made the 
equivalent of a one-turn coil by con- 
necting the two straps in parallel. 


just completed forms what is termed 
a series of coils and is one of the dis- 
tinguishing features of a wave wind- 
ing. 

ahe front and rear connections to 
conductors 1 and 2 form a coil, like- 
wise, the front and rear connections 
to conductors 3 and 4 form a second 
coil, the two making a series of two 
coils. Therefore, in any wave wind- 
ing there will be such a series of 
coils and the number of coils in se- 
ries will be equal in all cases to one- 
half the number of poles in the wind- 
ing. For example, there are two 
coils in a four-pole machine, three 
coils in a six-pole machine, four in 
an eight-pole machine, etc. Now, in- 
stead of having the series of coils 
ending on itself, as shown in Fig. 3, 
the end of the first series of coils 
could be connected to the start of a 
second series of coils if additional 
conductors were provided. In Fig. 2 
conductors 5, 6, 7 and 8 are all in 
the same relative position to each 
other and are at the same potential, 
but are not in phase with or at the 
same potential as conductors 1, 2, 8, 
and 4. Conductors 5, 6, 7, and 8 can 
be connected in series as was done 
above and this series of coils could 
be connected in series with, but 
never in parallel with, the first series. 

A little explanation of the state- 
ment that two or more series of coils 
should not be connected in parallel 
will not be amiss. This also applies 
to the paralleling of the coils in any 
one pole-phase group in a lap wind- 
ing. It was stated above that con- 
ductors 1 and 5 are 30 electrical 
degrees apart. The same is true of 
conductors 2 and 6, 3 and 7 and 4 
and 8. Hence, as the magnetic field 
of an induction motor follows a sine 
curve, it follows that conductor 5 
does not reach its maximum or min- 
imum value at the same instant as 
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conductor 1. Also, the two conduc- 
tors are not in phase, in other words, 
conductor 1 would at any instant 
have a higher or lower potential in- 
duced in it than conductor 5. The 
same is true of conductors 2 and 6, 
8 and 7, and 4 and 8. If the two 
sections of coils in a wave winding, 
or the two adjacent coils in a pole- 
phase group of a lap winding, were 
put in parallel, the series of conduc- 
tors 1, 2, 8, and 4 would be at a 
higher or lower potential than the 
series of conductors 5, 6, 7, and 8. 
This difference of potential would 
set up circulating currents and cause 
heating. This also explains why it 
is impossible to parallel the conduc- 
tors in one slot with those in an ad- 
jacent slot. As an example, assume 
that there are 120 conductors in 
forty slots, or three per slot, and 
that it is desired to reduce the num- 
ber of turns or conductors one-half 
by paralleling two conductors of ad- 
jacent slots. These two conductors 
would be out of phase an amount 
equal to the electrical angle between 
the adjacent slots. This would be 
the greater the less the number of 
slots. 

In Fig. 4 is shown the second se- 
ries of coils connected to the first 
series. In order to connect these 
two series of coils together, it was 
necessary to reduce the pitch be- 
tween conductors 4 and 5, that is, 
the distance between these two con- 
ductors is not equal to one complete 
pole pitch. This is a very important 
feature of this type of wave wind- 
ing. It can be stated as a rule that 
at the end of one series and the be- 
ginning of the next, the front pitch 
must be reduced one slot. When 
there is more than one conductor per 
cell, the front pitch in slots is the 
same, but one strap or conductor 
less, and the winding is carried 
around the armature through the 
same series of slots until all the 
straps in the cell in the starting slot 
are used, then the pitch is dropped 
one slot. This is further explained 
in the caption to the illustration of a 
diamond-shave coil on page 429. 

There will be as manv of these 
series of coils as there are slots ner 
pole per phase. In a thirtv-six-slot, 
fonr-nole, three-nhase motor. there 
will be 36 — 4 = 9 slots ver pole and 
9 + 8 = 8 slots ner nole per phase 
or three series of two coils. 

Fiona. 5 and 6 show how the game 
conductor would he connected in a 
lan winding, Nate how the front 
connections hend in towards the cen- 
ter of the cofls in contrast to Fig. 8, 
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where the front connections bend 
away from the center of the coil. 


ARRANGEMENT OF SERIES OF COILS 
TO FORM SECTIONS 


So far we have dealt with only one 
conductor per slot. This was done 
to establish the method of connect- 
ing the conductors in series. The 
majority of stators, however, have a 
two-layer winding or two halves of a 
coil per slot, that is, a top and a bot- 
tom half. In Fig. 7, there are eight 
conductors or two per slot, these 
eight conductors forming four coils. 
In Fig. 7 and the following diagrams 
the top half of a coil is represented 
by the full line and the bottom half 
by the dotted line. The first series 
of coils consists of conductors 5, 2, 
7 and 4. This leaves four conduc- 
tors unconnected, one in each slot, 


that is, conductors 6, 8, 8 and 1. In 


Fig. 8, these last four conductors 
have been connected in series. Com- 
paring Figs. 7 and 8, it will be no- 
ticed that coils 1 and 4 and likewise 
coils 2 and 3 are 90 mechanical de- 
grees apart. Consequently, we find 


Figs. 3 to 6—Method of connecting 
conductors in series in a wave 
winding. 

A fundamental principle of this type 
of winding is that all conductors that 
are at the same potential at any instant 
are to be connected in series. Figs. 3 


and 4 show the connections for a wave 
winding, while Figs. 5 and 6 show the 
connections for a lap winding. 
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that in a two-layer winding each 
phase is divided into two sections of 
series of coils, the number of series 
still being equal to the number of 
slots per pole per phase and the coils 
per section are equal to one-half the 
number of coils per phase. Where 
there is more than one coil per cell, 
the number of coils per section will 
be equal in all cases to one-half the 
slots per phase times the straps per 
cell, likewise the number of series of 
coils is equal to the slots per pole 
per phase multiplied by the number 
of straps per cell. 

For a winding having 96 slots 
and 8 poles the number of coils per 
phase equals 96 ~ 3 = 32. The num- 
ber of coils in a series equals one- 
half of the total number of poles 
equals 8 — 2 or four coils in a series. 
The number of series per section 
equals the number of slots per pole 
per phase equals (96 ~ 8) + 3 = 4. 
Hence there will be four series of 
four coils per section. 

The two sections of any one phase 
in a two-layer winding are formed 
as follows: In each slot there are two 
coil halves or coil sides, a top half 
and a bottom half. A coil is com- 
posed of a top half in one slot and a 
bottom half in a slot one pole pitch 
away. Hence when one section of a 
series of coils is completed there re- 
mains an unused coil half in each 
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slot passed through. When the first 
section uses a top half in one slot 
and connects across the rear to a bot- 
tom coil half in a second slot, the 
second section will use the top half 
in the second slot and connect across 
the front to the bottom coil half in 
the first slot. 


METHOD OF CONNECTING SECTIONS 
TO FORM A PHASE 


After connecting the series of 
coils into sections as is shown in 
Figs. 7 and 8, the next step is to 
connect these sections of series of 
coils in series to form one complete 
phase. In Fig. 7, we have a top lead 
a and a bottom lead, b; these two 
leads form the start and finish of 
one section. In Fig. 8, there are two 
similar leads, a top lead c and a 
bottom lead d, which form the start 
and finish of the other section. This 
brings out another feature of this 
type of winding: namely, there will 
be twice as many sections as there 
are phases and also that each phase 
will have two sections and four leads, 
two of the leads being top leads and 
the other two being bottom leads. 
The leads to the star connection 
must be either all top or all bottom 
leads. In this case, we will take the 
top leads for the line leads, as a of 
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Figs. 7 to 10—Method of arranging 
coils to form sections and phases. 


Fig. 7 shows one section and Fig. 8 
shows another. Fig. 9 shows the con- 
nection of the two sections to form a 
phase. Fig. 10 shows a developed view 
of the phase. 


Fig. 7. Then the bottom lead b of 
this section must connect to the bot- 
tom lead d of the next section in such 
a manner that the polarity is correct. 
This is accomplished by connecting 
the bottom leads b and d, as is 
shown in Fig. 9. The connection be- 
tween the bottom leads b and d is 
termed the reversing jumper. In 
Fig. 9, the starting lead a which is 
also the starting lead of the phase 
is marked A:. Starting with Ar, we 
go through coil 1 in a clock-wise di- 
rection to coil 2, then out on the re- 
versing jumper to coil 4, through 
this coil in a counter clock-wise di- 
rection to coil 3, and out on lead c 
which is the finish of the section and 
also of the phase. It is marked A:. 
Fig. 10 shows the developed view of 
the two sections of coils. In this 
diagram, the coils marked T are top 
coils and those marked B are bottom 
coils. The numbers beneath the let- 
ters refer to the number of the con- 
ductor or coil half. The facts given 
in the foregoing discussion can be 
summarized in the following rules: 
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Rule 1—The number of coils in 
a series is equal to one-half the num- 
ber of poles in the winding. 

Rule 2—The number of series of 
coils equals the number of slots per 
pole per phase, which is equal to the 
number of slots divided by the num- 
ber of poles and this result divided 
by the number of phases. 

Rule 3—The number of sections 
equals twice the number of phases, 
that is, each phase will have two sec- 
tions. 

Rule 4—The number of coil 
groups is equal to the number of 
poles multiplied by the number of 
phases. 

From the foregoing rules and the 
discussion, we have obtained suffi- 
cient information to construct a dia- 
gram for a two-layer winding of any 
number of slots and coils. The coils 
are arranged in groups while wind- 
ing, the same as with a lap winding 
and the first and last coils (phase 
coils) of each group should be rein- 
forced on the ends with extra insu- 
lation. The following data will be 
required before laying out a wind- 
ing: 

1—Number 
2—Number 
3—Number 
4—Number 
5—Number 
6—Number 
7—Number 
8—-Number 
9—Number of coils per group 

10 Number of coils per phase 

11—Winding pitch 

12—Front pitch 

13—Back pitch 

To illustrate the use of the prin- 
ciples outlined above, we will con- 
struct step by step, a diagram for a 
four-pole, two-phase motor having 
twenty-four slots and twenty-four 
coils. Then our winding data will 
be tabulated as follows: 


1—Number of slots—24 
2—Number of phases—2 
3—Number of poles—4 

4—Number of coils—24 


The first four items are taken from 
the data given in the description of the 
winding in the preceding paragraph. 

5—Number of coils per slot = total 
number of coils — total number of 
slots = 24 + 24 = 1. 

6—The number of sections accord- 
ing to Rule 2 will be equal to twice the 
number of phases = 2 X 2 = 4. 

7— The number of coils per section 
= total number of coils — total num- 
ber of sections = 24 — 4 = 6. 

8—The number of groups, accord- 
ing to Rule 4, equals the number of 
phases X the number of poles = 2 X 
4— 8. 

9—The number of coils per group = 
the total number of coils — the total 
number of groups = 24 — 8 = 3. 

10—The number of coils per phase = 
the total number of coils — the num- 
ber of phases = 24 —- 2 = 12. 


of slots 

of phases 

of poles 

of coils 
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11—The winding pitch = the total 
number of slots ~ half the number of 
poles = 24 — 2 = 12, that is, the total 
winding pitch will be l-and-13. 

12—The back pitch is equal to one- 
half the winding pitch = 12 — 2 = 6, 
which is a pitch of 1-and-7. 

13—The front pitch is equal to the 
winding pitch minus the back pitch = 
12 — 6 = 6, which is a pitch of 1- 
and—7. 

The winding resulting from the 
above data and calculations will be 
one having two sections of coils per 
phase, each section consisting of 
three series of two coils each. Fig. 
11 shows the first step in laying out 
the winding. Four concentric cir- 
cles are drawn. The slots are laid 
out between the two inner circles, 
one full and one dotted line for each 
slot. The full line in the slot repre- 
sents the top coil half or top conduc- 
tor and the dotted line represents 
the bottom coil half or bottom con- 
ductor. The kind of coil used in 
winding the stator determines 
whether the winding is right or left. 
In Fig. 11 a left-hand coil will be 
used. l 

The next step is to lay out a se- 
ries of coils. Select a top coil half 
or a bottom coil half in any slot. We 
will choose a top conductor in slot 3 
and will draw a full line from the 
front of the top conductor in this 
slot to a point on the inside circle 
equal to one-half the front pitch 
measured to the left from slot 8. As 
was done in the previous diagram 
the full lines connect to the top coil 
halves and the dotted lines connect 
to the bottom coil halves. Next, 
draw a full line b from the back of 
the top conductor in slot 3 to a point 
on the outer circle equal to one-half 
the back pitch measured to the right 
from slot 3. That is, count in a 
clockwise direction from a point on 
the outer circle opposite slot 8, a dis- 
tance equal to one-half of 6 or 3, 
which brings us to a point opposite 
slot 6. 

As has been stated before, this 
point on the outer circle is to be 
connected by a full line b to the back 
of the top conductor in slot 3. It is 
also to be connected by a dotted line 
c to the back of the bottom conduc- 
tor in the slot one full back pitch 
away from the starting slot. Count- 
ing in a clockwise direction from slot 
3, a distance equal to the back pitch, 
which is 6 slots, we arrive at slot 9. 
From the front of the bottom con- 
ductor in slot 9, draw a dotted line d 
to a point on the inner circle which 
is one-half the front pitch ahead of 
slot 9. One-half the front pitch is 
equal to 3; counting 3 slots in a 
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clockwise direction from slot 9 we 
will arrive at siot 12. The dotted line 
d is to connect the bottom conductor 
in slot 9 with a point on the inner 
circle opposite slot 12. This com- 
pletes the first coil which we will call 
al. The a signifies that it is in 
phase a and the 1 signifies that it 
is the first coil of that phase. 

Next connect line d to front of 
conductor in the top of the slot 
which is one front pitch away from 
slot 9. Counting from slot 9 in a 
clockwise direction, a distance of one 
front pitch or 6 slots, we arrive at 
slot 15. The connection between line 
d and the top coil in slot 75 is made 
by the full line e. This starts the 
second coil of the series. Connect 
the back of the top conductor in slot 
15 to the back of the bottom conduc- 
tor in a slot which is one back pitch 
measured in a clockwise direction 
from slot 15. Counting six slots in 
a clockwise direction from slot 15 
we arrive at slot 21. This connec- 
tion is shown in Fig. 11 by the full 
and dotted lines f and g. Next draw 
the dotted line h from the front of 
the bottom conductor in slot 21 to a 
point on the inner circle equal to 
one-half the front pitch measured in 
a clockwise direction from slot 21. 
Do not join this line to the full line 
a but leave a small space as is shown 
in Fig. 11. This completes coil a2 
and it also completes the first series 
of coils. For the series to be cor- 
rect, we should be able to count a 
number of slots equal to the front 
pitch from slot 21 in a clockwise di- 
rection and arrive at the slot from 
which we started the series. Count- 
ing from slot 21 in a clockwise di- 
rection, a distance equal to six slots, 
we arrive at slot 3, which is the 
starting slot for the series and this 
proves that so far the winding is 
correct. 

The next step is to draw in all 
the back connections for one phase, 
as is shown in Fig. 12. We know 
that there are three coils per group 
and twelve coils per phase and also 
that there are two sections of six 
coils per section per phase. We have 
located two coils; the next problem 
is to find out which side of slot 3 the 
other two slots of the same phase 
and pole will follow. Since this type 
of winding is always retrogressive, 
the beginning of the second series is 
to the left of the slot that the first 
series started in when using a left- 
hand coil, and when using a right- 
hand coil, the second series will start 
in the slot to the right of the one 
the first series started in. As this 
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winding is being wound with left- 
hand coils, the siots to the left of 
those used by the hrst series are the 
ones that are used, hence m Figs. 11 
and 12 slots 2, 1, 8, 7, 14, 18, 20 and 
19 are the other slots of this series. 
We then join the top coil sides in 
slots 1, 2, 18, and 14 to the bottom 
coil sides of slots 7, 8, 19 and 20 re- 
spectively. This gives us coils ai, 
a2,a3,a4,a5, and a6. The other five 
coils are formed by joining the top 
coil halves in slots 7, 8, 9, 19, 20 and 
21 to the bottom coil halves in slots 
13, 14, 15, 1, 2, and 3 respectively. 
This forms the twelve coils for one 
phase. 

Fig. 13 shows how the second se- 
ries of coils is started. As was ex- 
plained previously, the dotted line h 
from the front end of the bottom 
conductor in slot 21 is not brought 
over a distance equal to one-half the 
front pitch, but is brought over a 
distance on the inner circle equal to 
one-half of the short pitch as used 
previously. This point on the inner 
circle is marked with an asterisk in 
Fig. 13. This point is connected by 
a full line to the top conductor in 
slot 2. The front pitch between 
these two conductors in slots 21 and 
2 is known as a short pitch. In this 
diagram the starting lead of the first 
series which connects to the full line 
a is marked A:. The developed view 
of the winding from the point A: to 
the place to which it has been com- 
pleted thus far is shown at the bot- 
tom of Fig. 13. 

The second series of coils is con- 
tinued on through slots 2, 8, 14, and 
Z0 as is shown in Fig. 14. The full 
pitch of 6 for both the front pitch 
and back pitch is used for all coils 
except at the start of the series be- 
tween slots 21 and 2 as was spoken 
of before. At the bottom of Fig. 14 
is shown the developed view of the 
winding as it has been carried thus 
far. 

To start the third series between 
slots 20 and 1, the short pitch of 5 
must again be used. This is shown 
in Fig. 15 and is indicated by the 
second asterisk. In this figure the 
third series of coils has been drawn 
in complete. This completes the first 
section. As can be seen, the first sec- 
tion consists of six coils made up of 
three series of two coils each in se- 
ries. There are two short pitches 
as is marked by the asterisks. This 
brings us to another important rule 
of this type of wave winding. 

Rule 5—Between the starting and 
finishing leads of each section there 
will occur a number of short pitches 
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equal to one less than the number of 
slots per pole per phase. 

In the winding being laid out, 
there are twenty-four slots, four 
poles and two phases, hence the 
number of slots per pole per phase 
= (24+4) — 2 = 3. According to 
Rule 5, there should be a number of 
short pitches in each section equal 
to one less than the number just ar- 
rived at, that is, 3—1=2 short 
pitches per section. As can be seen 
in Fig. 15 there are only two short 
pitches for the first section, which 
bears out the conclusion arrived at 
in Rule 5. Notice that in this rule 
the word slots is used and not coils. 
The reason for this distinction is 
that when there is more than one 
coil or strap per cell, a slot is not 
dropped until all the straps or coils 
in the first cell are passed through. 

When top conductors are used for 
leads, the bottom leads of each phase 
section will form the reversing Jump- 
ers or vice versa. The end of the 
first section will form one reversing 
jumper lead and the starting lead of 
the second section of the same phase 
will form the other reversing jumper 
lead. In Fig. 15, A: is the start of 
the first phase and section, and is 
the phase lead. In this same figure 
the bottom lead R: is the end of the 
first section and is the reversing 
jumper lead. At the bottom of Fig. 
15 is shown a developed view of the 
first section. 

The next step is to start the first 
series of coils of the second section 
of this same phase. As was ex- 
plained before, the coils in a wave 
winding are full winding pitch, hence 
the phases or phase belts do not 
overlap, and when there are an equal 
number of coils in each section, the 
coils in both sections of the same 
phase lie in the same slot. In any 
slot, there are two halves of two 
coils, a bottom half and a top half, 
and when the coil side of the first 
section uses one-half the slot, the re- 
maining half belongs to the second 
section. To locate the start of the 
second section, count either back or 
ahead one full front pitch from the 
slot in which the first section ended 
in. If the first section ended with a 
bottom conductor, then the start of 
the next section will also be on a 
bottom conductor. If the end of the 
first section was a top conductor, the 
start of the second will be a top con- 
ductor. Never connect a top con- 
ductor to a bottom conductor in a 
series wave winding. While it is 
possible to pick up the starting lead 
of the second section in the direction 


INDUSTRIAL ENGINEER 


ahead of the finish of the first sec- 
tion, it is most always picked up to 
the rear or in a direction opposite to 
that in which the finishing lead 
bends. This is done for mechanical 
reasons as there is less crossing of 
leads with this manner of pick up. 
In Fig. 15 the first section ends in 
slot 19 at Ri. Counting in the oppo- 
site direction from the way the fin- 
ishing lead R: bends, a distance of 
one front pitch, which is six slots, 
we arrive at slot 18. From R: a dot- 
ted line is drawn to the bottom con- 
ductor of slot 18, as is shown in 
Fig. 15. The start of this section 
could also have been made at Y in 
slot 1, which is six slots ahead of 
slot 19, but as explained previously, 
for mechanical reasons the start is 
made in slot 18. 

Fig. 16 shows the reversing 
jumper connecting the two bottom 
leads R: and R:. The series passes 
through coil a7 in a counter-clock- 
wise direction, that is, we pass 
around the winding in a direction 
opposite to that of the first section. 
At the end of coil a8, which is also 
the end of the first series of the sec- 
ond section, we have to resort to the 
short front pitch in order to pick up 
coil a9 and start the second series of 
coils. 

In Fig. 17, the second section is 
shown complete. Note that this sec- 
tion of the winding ended in the 
same slot that the first series of 
coils of the first section ended in. 
Also notice that this second section 
has two short front pitch coils the 
same as the first section had. These 
short pitch coils are marked with 
asterisks. The reason for this short 
pitch and its location should be thor- 
oughly understood as it is one of the 
places that trips the average winder. 
It should be remembered that there 
will be twice as many points of short 
pitch as there are phases in the 
winding and that these places occur 
between the starting and finishing 
leads of each section. 

This completes the winding of the 
first phase. If we start at A: and 
follow the arrows. we will trace 
throuch the firat section and hrauch 
the seennd to lead A: A develoned 
view of this is shown at the bottom 
of Fig. 17. 

The next steb is to start the sec- 
and nhase. In Fig. 17 there are 
twalya nnnsed slots: namelv, slots L. 
5. 6. J). 11. 12.16.17. IS. 22. 28, and 
91, These alata can he natred with 
the first-nhase slots to form one com- 
plete nole gronn of six slots. for in 
any winding the slots per pole equal 
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the total number of slots divided by 
the number of poles, that is, 
24 ＋ 4 = 6. It is possible to make 
the polarity of slots 4, 5, and 6 the 
same as slots 1, 2, and 8, or the po- 
larity of slots 22, 28, and 24 can be 
made the same as slots 1, 2, and 8. 
The same holds true for slots 10, 11, 
and 12 as well as slots 16, 17 and 18 
in relation to slots 18, 14 and 15. 
The Bi lead, that is, the lead from 
which the second phase starts, must 
have the arrow pointing into the 
winding, therefore, it follows that in 
any four-pole wave winding, there 
are four places where it is possible 
to pick up the B: or second-phase 
starting lead, and there are six 
places in a six-pole winding, eight in 
an 8-pole, etc. The mechanical ar- 
rangement of the leads and revers- 
ing jumper is the deciding factor in 
the final selection of the location for 
the starting point of the second 
phase. The points governing the lo- 
cation of this point will be given in 
the following rules: 

Rule 6.—The Ri, R: and A: leads 
are on the left of A: for a left-hand 
winding and on the right of A: for a 
right-hand winding. Inspection of 
Fig. 17 will show the truth of this 
statement. 

Rule 7.—The R. lead will fall be- 
hind or ahead of the A: lead, a num- 
ber of slots that is equal to the front 
pitch plus one less than the number 
of coils per group. Also, if A: goes 
to a top conductor then Bi will go to 
a bottom conductor. 

Since the number of coils per 
group equals three, and the front 
pitch equals six, according to Rule 7 
the R: lead will fall behind the A: 
lead, a distance equal to 6+3—1=8 
slots. In Fig. 17 the A: lead of the 
first phase lies in slot 8. Counting 
back or in a counter-clockwise direc- 
tion from slot 8, a distance equal to 
eight slots, we arrive at slot 19. This 
is the location of the finishing lead 
of the first section of the second 
phase. This slot is the location of 
the conductor connecting to the R: 
lead. Inspection of Fig. 17 will show 
this to be the case. According to 
Rule 7 if the A: lead connects to a 
top conductor the R. lead will con- 
nect to a bottom conductor. Inspec- 
tion of Fig. 17 will show that this 
actually is the case, that is, R: lies 
in the bottom of slot 19. 

Rule 8.—The R: lead is connected 
to a bottom coil half or conductor 
when R: is connected to a bottom 
conductor and vice versa, and is 
spaced one front pitch to the left of 
R. for a (Continued on page 458) 
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With a Maintenance Organization Scheme Suitable 


For Medium-Size Plants and Suggestions on Method 
Of Handling the Work of This Department 


By MAURICE C. COCKSHOTT 


Maintenance Engineer, American Trona 
Company, Trona, California 


N THE organization of a depart- 
] ment of any industrial plant for 

the efficient upkeep and repair 
of the equipment too much emphasis 
can not be placed on maintenance, as 
opposed to repairs. It is safe to say 
that a very large percentage of the 
repairs in a plant where the upkeep 
is left in the hands of a so-called re- 
pair gang might be cut out if closer 
attention were paid to maintenance. 

Let us first consider what main- 
tenance involves. When a new piece 
of machinery is to be installed, great 
pains are taken to make sure that it 
will aid production and pay for itself 
in a given time. Its duties are care- 
fully planned and thought cut—but 
is sufficient thought given to its care 
and upkeep? Is the operator in- 
structed as to when and how it 
should be lubricated? How about 
proper protection from wet and 
dust? Are the characteristics of its 
efficient operation considered from a 
maintenance point of view? In many 
cases the problem has not been con- 
sidered from this point as fully as it 
might be, as shown by the repair 
bills. If these are analyzed carefully 
they will disclose the fact that, in 
the vital question as to what the ma- 
chine could produce in dollars and 
cents, the necessity of careful main- 
tenance has been overlooked. 

In many instances constant re- 
pairs can be traced to simple lack of 
care in operation, a situation where 
an efficient maintenance man could 
have saved money by timely advice 
and prompt action before the repair 
became necessary. As a case in point, 
in a certain plant where the belt up- 
keep was high the plant engineer no- 
ticed that large quantities of rosin 
and sticky belt dressings were being 
drawn from the stockroom. An in- 
vestigation was made and it was 


found that all of the operators of 
belt-driven machinery were using 
these dressings at the least indica- 
tion of trouble, rather than call in 
the repair man. In practically every 
case where belt trouble had been re- 
ported there was found to be work 
for a machinist. If the equipment 
had been periodically inspected, 
there would have been no need for 
the use of deleterious dressings on 
the belts and the real defects such as 
being out of line, and so on, would 
have been remedied with the expen- 
diture of less money all around. 
Now, whenever an operator calls for 
belt dressings, a machinist is sent 
and by removing the real cause of 
the trouble the life of the belt is con- 
siderably prolonged. 

In the case of most industrial 
plants, the repair and maintenance 
sections can be merged into one de- 
partment under a maintenance engi- 
neer and function as the mainte- 
nance division, having control of all 
repair and maintenance and also the 
construction of new equipment, to a 
large extent. For a plant employing 
around a thousand men, an organiza- 
tion scheme shown in the chart can 
be used to combine the above-men- 
tioned sections so that the maximum 
efficiency can be obtained. 

At the head there should be the 
chief or maintenance engineer, a 
man having sound, practical knowl- 
edge with executive and planning 
ability and able to foresee ways and 
means of cutting expenses, checking 
reports and studying costs of repair 
and maintenance to the end that sav- 
ings may be effected by more 
efficient methods of handling produc- 
tion. The actual supervision of out- 
side work should be in the hands of 
an assistant who is capable of as- 
suming the position of the chief, in 
his absence. He should personally 
supervise all inspection, repair, and 
similar work in the plant. calling on 
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A CERTAIN AMOUNT of 
repairs to industrial equip- 
ment is necessary and inevi- 
table. Oftentimes, however, 
repair work is largely a case 
of locking the barn door after 
the horse has been stolen, 
and the necessity for it could 
‘have been avoided if the 
equipment had received the 
proper attention. In this 


article Mr. Cockshott empha- 
sizes the importance of main- 
tenance work from the stand- 
point of reducing repair costs 


and gives an organization 
scheme for the maintenance 
department of small and me- 
dium-size industrial plants, 
with suggestions on how the 
work can be most effectively 


handled. 


the other sections of the Mainte- 
nance Division for assistance as re- 
quired. He should also make sys- 
tematic tours of inspection of all 
equipment, noting the way in which 
the machines are handled and re- 
porting to the chief what in his 
opinion is needed in the way of re- 
pairs, or improved operating condi- 
tions. These would be matters for 
the maintenance engineer to study 
and, after thorough and careful in- 
vestigation, to lay before the head 
of the department concerned, with 
his recommendations. Under this as- 
sistant would come the foreman 
pipefitter, the machine shop fore- 
man, the chief electrician and the 
head carpenter; also the odd men 
around the plant who may not have 
a foreman of their own, such as the 
painters, riggers, and hoist crew, 
whom he can handle as occasions de- 
mand to the best advantage. This 
method of handling the work has 
been found to be very successful in 
the type of plant under review. 
Taking, for instance, the case of a 
rigger who is also a good steel man, 
when no rigging is to be done he 
can be sent by the assistant engi- 
neer to work under the machine 
shop foreman, who has charge of the 
steel workers. 

The draftsmen should be placed 
directly under the chief, as should 
also the instrument man. In an es- 
tablishment where there are many 
valuable instruments, it is absolutely 
necessary to have a man who is re- 
sponsible for their upkeep and re- 
pair; his salary can be saved many 
times over by efficient watch over 
this type of equipment. 
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All orders for new work, in fact 
all orders pertaining to the division, 
should pass through the assistant 
engineer and in the choice of this 
man the efficient working of the or- 
ganization will depend to a large ex- 
tent. He needs to be a man with 
ideas, resourceful, and at the same 
time a man who can assimilate the 
ideas of others, to the end of mak- 
ing the organization pull well as a 
unit. Each of the foremen in the 
division should be instructed in the 
policy of maintenance rather than 
repairs, and should be made to see 
that the organization must function 
„3 a whole, rather than as a number 
uf petty chiefs who are all out to 
rurther their own ends. 

The organization scheme shown in 
the chart has been used with some 
small changes in a plant that is en- 
gaged in a somewhat difficult chem- 
ical process, where much of the work 
is of an experimental nature and the 
equipment is operated under very 
extraordinary conditions at times. 

In the matter of giving orders for 
work to be done several schemes were 
tried but in the end the following 
routine was adopted and worked out 
well. In the case of orders for work 
emanating from another department 
a written order was given to the 
maintenance engineer stating what 
was to be done and the reasons for 
the work and, if it entailed shutting 
down important machinery, the time 
when it could be most easily spared 
was noted. The orders to do the 
work were assigned to the section of 
the Maintenance Division concerned 
and on its completion accepted by 
the department authorizing the 
work. 

A scheme that works out well is 
the Trouble Card System. In the 
case of a machine which needs re- 
pairs, the operator or his foreman 
puts a trouble card with a brief note 
of what is the matter in a rack kept 
in the plant office. This card is taken 
out by the Maintenance Division and 
replaced by one of another color 
showing the results of the inspec- 
tion and the estimated time that re- 
pairs will take, and is left in the rack 
as long as the machine is down. 
When the job is finished a elearance 
card replaces this one; it gives a 
short account of the work done, new 
parts put in, etc., and is accepted by 
the department for which the work 
was done as evidence that the equip- 
ment is being turned over to them in 
running order or otherwise. This 
card should be signed by a respons- 
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ible representative of that depart- 
ment. These cards are filed and gone 
over by the department heads, who 
then have a better chance to know 
exactly how much work of a mainte- 
nance or repair nature any one piece 
of equipment is needing and whether 
it is worth more work or has out- 
lasted its usefulness as a producer. 
This system is a very valuable 
source of first-hand information to 
the maintenance engineer who can 
follow closely the progress on vari- 
ous jobs. Also, it helps him to de- 
cide on the wisdom of keeping the 
piece of machinery under repair in 
service beyond its time for the scrap 
heap, and thus prevents ignorance 
of its condition becoming an incubus 
on production costs. In the writer’s 
experience many cases have been 
brought to light where there was a 
doubt as to the efficiency of certain 
pieces of equipment, owing to the 
inordinate cost of maintenance—or 
in this case repairs. In the matter 
of new work or extensive mainte- 
nance this is often a question on 
which higher authority has to be 
consulted, particularly when the cost 
is likely to run into a large figure. 
In such cases the following system 
might be used. | 
Assume that the production man- 
ager wants extensive changes made 
in the plant, whereby he figures that 
a saving can be effected along cer- 
tain lines. He gives an order for 
this work to the maintenance engi- 
neer, who goes into it in detail and 
perhaps can suggest ways that are 
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better or -more cheaply carried out, 
and, having agreed with the produc- 
tion manager as to what is to be 
done, would have drawings made up 
covering the work in detail. After 
drawings have been approved, a 
work order will be made out, if it is 
desired to have a separate cost kept 
of the job—and on a job of any mag- 
nitude this should always be done. 
Copies are sent to the accounting 
branch, the warehouse, and to the 
assistant engineer with full instruc- 
tions to the latter as to how the work 
is to be carried out. On the comple- 
tion of the job the maintenance en- 
gineer wil] check over the work with 
the production manager and turn it 
over to him as completed and, hav- 
ing ascertained that all charges 
against the work order are in, will 
have it closed. 

Should work be called for which in 
the opinion of the engineer would 
not be advantageous from the stand- 
point of efficiency, he would take it 
up with the management in a report 
stating his reasons why the work 
should not be done, and would not 
proceed with it until a written order 
had been given or at least the work 
modified to better suit conditions. 
This would have to be diplomatically 
handled, as at times work is called 
for with the best intentions in the 
world but which at the same time is 
most impracticable from an engi- 
neering standpoint. 

If the real spirit of Maintenance, 
as the writer has tried to point it 
out inthis (Continued on page 458) 
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; HOSE who have taken 
Taking a lessons in golf have 
Lesson from learned the importance of 
Golf “following through.” It is 

just as necessary for an in- 
| dustrial engineer to follow 
ihrough in his work of reviving a method or a process. 
Altogether too often the change stops with the obvious. 
For example, a new machine may be added to take care 
of increased production demands. This almost always 


affects other production units, or at least the auxiliary 


equipment. 

In all of these, the element of material handling is 
most frequently overlooked. In one case a new machine 
was added, with double the capacity of the machine then 
in use. However, as no provisions were made to get the 
extra material to the machine and away from it, the 
actual increase in production was only about 15 per 
cent. In another instance a large boring mill was added 
to do a job in half the previous time. However, the old 
“armstrong” method of lifting the parts on and off the 
machine by the aid of the machinist and helpers was 
still retained. When an electric hoist was added it not 
only saved its cost through the elimination of a helper 
or two, but speeded up the loading and unloading of the 
machine enough to give it the production output ex- 
pected. 

Many other examples might be given, but these 
two show what happened when the player did not 


“follow through.” 
— — 


PEAKING of the re- 


The Job of sponsibilities of the 
the Plant Plant Engineer before the 
Engineer Detroit chapter of The So- 


ciety of Industrial Engi- 
neers, H. P. Meredith, Gen- 
eral Works Engineer of the Maxwell Motor Corporation 
described in the following words the duties of this 
position: 

The Plant Engineer, upon full acceptance of his duties, 
obligations and responsibilities is as essential to industry, 


if not more so, than most other contemporary positions. 
His paramount thought is ‘Production Insurance“; there- 
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fore he must of necessity at all times keep his hand on the 
pulse of his plant and its operations in order that he may 
ward off interruptions to or the slowing down of production 
through the failure of plant service, facilities, or equipment. 
I think I am correct in stating that a decade ago the word 
“Maintenance” was industrially considered to mean “to fix,” 
and consequently plant service, facilities, and equipment 
were usually only restored to their effective use after feil- 
ure had occurred. 

He receives large and small orders for every imagin- 
able character of work from all other departments; such 
orders are, in the majority of cases, in the emergency cate- 
gory and call for immediate attention. As his force cannot 
be kept up to meet the peak demand, he must, therefore, be 
conversant with the general operating condition of all other 
departments, in order that he may have these jobs performed 
515 order of their priority to the plant's operations as a 
Whole. 

The planned work of the Plant Engineer is likely at 
any time, day or night, Sunday or holiday, to be thrown 
out of balance or upset through changes of schedule and 
such calamities as fire, wind, flood, freezing, physical fail- 
ures of plant service and eamipment or through power in- 


terruptions, over which he has little or no control whatever. 


Should any of these vitally affect a part of the plant or the 
whole of it, the Plant Engineer immediately comes into play, 
and in such emergencies his ingenuity, tact, and resource- 
fulness are at once taxed to the utmost. His slogan in such 
emergencies is, therefore—“Stick with the job until condi- 
tions are back to normal.” 

A large, modern industrial plant with its numerous 
highly-specialized departments, elaborate planning and 
scheduling systems, efficient equipment and all the other 
paraphernalia of present-day production methods, is as 
delicate and highly organized as a watch. And like a 
watch it does not take much to throw everything out of 
gear. A tie-up in one department may affect the sched- 
ules of the entire plant. 

It is the duty of the Plant Engineer to see that 
such tie-ups, due to failure of equipment or to other 
causes, do not occur. If through unforeseen reasons 
they do occur it is his duty to straighten things out in 
the best and quickest way and start the wheels turning. 
His job extends from the bottom of the deepest well, if 
there is one in the plant, to the tip of the lightning rod 
on the tallest smokestack, and from boundary line to 
boundary line. Viewed from any angle, it is a man- 
sized undertaking. 


— 


OME of the most 

exasperating troubles 
around the plant are caused 
by things that are so sim- 
ple that trained workmen 
do not look for them, but 
pass on to more involved difficulties as being the real 
causes. The analytical mind starts with one thing at a 
time, proves or disproves this, and then passes on to 
another if the first is not the thing sought. By thus 
eliminating each source of trouble in order, one knows 
at the end of a search just what was done and what was 
wrong, as contrasted to the method which pushes and 
pulls haphazardly and does not know what was the real 
cause which produced results. 

Very often, also, in plant maintenance work, a 
chance remark by some operator throws the trouble- 
shooter off the track he would normally pursue if he 
were to attack the problem unmolested. The operator 
may report that a motor is heating up because the bear- 
ings are dry, and the master mechanic’s man may fol- 
low up that lead, for he has been sent to locate that 
unmistakable hot-motor odor and the bearings of this 
one are too warm and the oil level of the reservoirs is 
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down. However, the real cause of the trouble may be 
that the motor was running for several hours on the 
resistance. The electrician would have discovered this 
first off if it had not been for the “tip” from the un- 
skilled man who had done a bit of sleuthing himself. 
These examples, and many others like them that 
every industrial man has experienced all too frequently, 
emphasize the necessity of a complete and thorough in- 
vestigation of every trouble. Jumping at conclusions 
often means an extra call to repeat the repair which 
frequently has become much more serious, difficult and 
expensive than if it had been done rightly in the first 


place. 
— a 


T HAS been said that, 

next to the support of 
the management, the suc- 
cess of safety work in an 
industrial plant depends 
largely upon the attitude 
and co-operation of the maintenance department. A 
large part of the activities of this department consist in 
putting machines into safe condition to operate, in in- 
stalling safeguards and in other similar work. A main- 
tenance organization thoroughly sold on safety, however, 
can go much further. If the maintenance workers show 
by their attitude and example that they believe in safe 
practices and live up to them, they can go far toward 
making converts to safety of the workers with whom 
they become associated in their activities about the shop. 
If they show an utter disregard of safe practices and 
express a contempt for the safety idea, their associates 
are also inclined to adopt the same attitude. 

Most maintenance workers go from department to 
department and, therefore, have the best opportunity to 
see unsafe conditions and practices and to carry good 
practices and ideas from one department to another. 
Also, their training helps them to look for a better way 
of doing things instead of looking at all obstacles from 
a “can’t be done” viewpoint. 

In addition to the examples they set maintenance 
workers, through mixing with the men in the shop, get 
the viewpoint of the man on the machine, and if the 
maintenance worker has the courage of his convictions, 
he can often set these other men straight where they 
have obtained an erroneous idea of the reason for 
safety activities and their value. 


The Part of the 


Maintenance Man 


in Promoting Safety 


— —— — 


ELTS have been used 
so long as a means of 
applying power to the drive 
end of a machine that they 
are often abused and con- 
demned through sheer 
lack of common sense in their application and mainte- 
nance. R. F. Jones, Research Director for the Leather 
Belting Exchange Foundation, in a recent article makes 
these statements: 

On preliminary examination a belt as used for power 
transmission does not appear to be a complicated thing, nor 
does it seem to involve any problems which cannot be easily 
solved by the application of mathematics. But upon a more 
careful and detailed study, certain fundamental phases of 
the subject are encountered, which present some very puz- 
zling problems. One of these things is the creeping action 
of the belt on the pulley when each particle of belt under- 
goes the change of length coincident with its passage from 
the loose side to the tight | side of the belt, or vice versa, 
when in operation. * 


Guesswork When 
Using Belting 


Is Expensive 
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Heretofore we have been concerned principally with | 


that form of slippage caused by the elastic give and return 
of the belt, called creep. In addition to this there may be 
slippage not due to the elastic action which we shall call 
true slip. . The load at which true slip begins will 
vary somewhat with the same belt under various conditions 
of speed, tension, pulley size, temperature, etc., and it is 
widely different for belts of different materials, such as fric- 
tion surface, rubber, and leather. A 4-in. rubber belt run- 
ning at 3,000 f.p.m. on 24-in. pulleys will carry at average 
tensions from 10-15 hp. before the advent of true slip, while 
the same size leather belt may go as high as 30 hp. before 
this point is reached. No exact method of determining the 
point where true slip begins is known yet, but it is certain 
that this has happened, if there is a sudden increase in slip 
for a small increase in load. A belt under average conditions 
should not be loaded enough to cause true slip, and the ini- 
tial tension required to keep the belt within the region of 
creep ought not to be excessive if long life and service are 
important. The latest rating charts and tables for leather 
belting follow this principle. 


A great deal of time has been spent by belt manu- 


facturers in developing information relating to the con- 


ditions under which a belt will give good service and 
long life. This information is available at no cost to 
anyone interested. There is little excuse, therefore, 
for purchasing belting and applying it on pure guess- 
work alone or depending on a limited experience with 
special applications. Operators should be as familiar 
with belt rating charts and tables as they are with 
required pulley sizes and speeds, for by correct use of 
this information actual savings in dollars and cents and 
freedom from much belt trouble are possible. 


— — 

NNUAL fire loss in 
What Would a the United States 
Fire Mean to averages over $500,000,000 
Your Job? per year. Much of this is 


preventable and, like safety, 
its prevention consists in 
applying whatever safeguards and precautions are avail- 
able and in educating the men to be careful. Good 
housekeeping is important both from an exemplary and 
educational standpoint and also because many fires have 
been traced to, or at least helped by, unnecessary ac- 
cumulations of combustible materials. 

Perhaps some of the carelessness is due to the 
misconception that the insurance company and the jinx; 
dustrial plant pay for the losses. However, like taxés, 
wages, material, and other costs of operation and pro- 
duction, this cost is passed on to the ultimate purchaser 
in the final price he pays. The insurance company oly, 
pays out in a lump, part of the money it gets in the foam 
of insurance premiums from many sources. 
industrial plant has up-to-date fire protection the yn 
surance company recognizes that it is less of a risks atid 
reduces the premium accordingly. — ae 

Altogether too often the worker feels that a fires 
not his loss but that of his employer. However, the. 
ployee has no insurance to cover the time required ‘to 
get a new job or the loss incurred through havingster 
take another at less wages or less desirable,in oppr- 
tunity for advancement or in working conditions. This 
whole loss is his. 

To concentrate the attention of all on the national 
fire loss and how it may be prevented the National Fife 
Protection Association has indicated Oct. 5 to 11 As 
Fire Prevention Week. Many industrial plants will ap.’ 
serve this. It will pay the worker to consider that fite 
prevention measures in the factory affect him and re- 
member that they are just as effective and necessary in 
his home as at the works. 


~ 
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Million-Dollar 
Iron and Steel 
Exposition 


To be Held in Connection 


with the Convention of 
the Iron and Steel Elec- 
trical Engineers at Pitts- 


burgh, Pa., September 
15 to 20, 1924 


RESIDENT Shoemaker and Busi- 

ness Manager Kelly have set out 
to make the 1924 Iron and Steel Expo- 
sition surpass anything of the kind 
yet attempted under the auspices of 
the Association of Iron and Steel 
Electrical Engineers. This exposition 
will be held at the Duquesne Garden 
in Pittsburgh September 15 to 20, and 
there will be 110 exhibits by leading 
manufacturers of all kinds of ap- 
paratus used in steel mills. In view of 
the extent and success of the exposi- 
tion held in Buffalo, N. Y., last year, 
if the present exhibit exceeds that one 
it will be the largest, and most spe- 
cialized practical demonstration of 
steel mill equipment ever shown in 
this country. 

In connection with the Exposition 
the Association of Iron and Steel 
Electrical Engineers will hold its 19th 
annual convention with technical ses- 
sions scheduled for Tuesday, Wednes- 
day, Thursday and Friday. The sub- 
jects to be discussed at these sessions 
are as follows: 


TUESDAY MORNING. 


0:30 a. m—Adjustable Speed Sets for 
Rolling Mills, by L. A. Umansky, Gen- 
eral Electric Co., Schenectady, N. Y. 


11:00 a. m. Combustion Control, by E. 
G. Bailey, Bailey Meter Co., Cleve- 
land, Ohio. 


WEDNESDAY—ELECTRIC HEATING 
FURNACE DAY. 


9:30 a. m Medium and Low Tempera- 
ture Applications, by E. A. Hurme, 
Westinghouse Electric & Manufac- 
turing Co., East Pittsburgh, Pa. 


10:00 a. m Medium Temperature Fur- 
nace Installations, by C. F. Cone, The 
Hagen Corp., Pittsburgh, Pa. 


10:30 a. m—Electric Melting Furnaces, 
by J. A. Seede, General Electric Co., 
Schenectady, N. Y. 


11:00 a. m.— Electric Heating with Spe- 
cial Reference to Central Stations, by 
E. D. Sibley, Metropolitan Edison Co., 
Reading, Pa. 

11:30 a. m—Electric Furnace Installa- 
tions at the Van Dorn Iron Works, by 
R. S. Sawdey, Van Dorn Iron Works, 
Cleveland, Ohio. 


THURSDAY MORNING. 


9:30 a. m Developments in Electric 
Repair Shop Practice, by A. C. Cum- 
mins; Carnegie Steel Co., Duquesne, 

a. 

10:30 a. m—Crane Hoist Travel Limit 
Devices, by Walter Greenwood, Car- 
nhegie Steel Co., Youngstown, Ohio. 

11:00 a. m—The Slagging Producer in 
Steel Works, by H. Huessener, 
American Heat Economy Bureau, 
Pittsburgh, Pa. 
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TO THE READERS 
OF INDUSTRIAL ENGINEER, 


Pitteburgh, Pa., 
August 25, 1924. 


The Iron and steel Industry oordially invite 
the readers of "THE INDUSTRIAL ENGINEER® to attend the Iron na 
Steel Exposition, being held at Duquesne Garden, September 15th 


to 20th, 1924. 


Tou are also welcome to all the Teohniocal 
Sessions which are being held im connection with the Iron and 
Steel Exposition, under the Auspices of the Association of Iron 


and Steel Electrical Engineers. 


A special feature which the readers of "THE 
INDUSTRIAL ENGINEER” will de interested in will be the "ELECTRIC 
HEATING FURNACE DAY” at which time the design, installation and 
sy of all types of heating furnaces will be discussed. 
ELECTRIC HEATING FURNACE DAY” will be Wedneeday, September 17th, 


1924. 


The Iron and Steel Exposition will be of 


interest to all engineers in industry. 


Over one hundred and 


twenty-five representative manufacturers will offer for your 
personal „ and criticism the latest developments in the 


Eleoc.~ical, 


@chanical and Combustion Arts. 


A hearty welcome will be extended to every 


FP. 


12:00 m—Machine Tools and Their 
Auxiliaries, by John F. Kelly, A. I. & 
S. E. E., Pittsburgh, Pa. 


FRIDAY—CENTRAL STATION DAY. 


0:30 a. m—The Steel Industry and the 
Electric Utilities, by Merrill Skinner, 
Duquesne Light Co., Pittsburgh, Pa., 
and F. D. Mahoney, West Penn Power 
Co., Pittsburgh, Pa. 

Power In the Iron and Steel Industry 

in America, by Barton R. Shover, Oli- 

ver Bldg., Pittsburgh, Pa. 

A feature of the practical sessions is 
the Electric Heating Furnace Day, 
Wednesday, September 17. As men- 
tioned in the accompanying letter in- 
viting readers of INDUSTRIAL ENGINEER 
to attend this convention, the problems 
taken up on Electric Heating Furnace 
Day will deal with the design and in- 
stallation of all types of heating fur- 
naces. The papers to be presented will 
cover the following equipment: Soder- 
berg Electrode; Electrode Regulator; 
Charging Machines; Multiple Melting 
Furnace; Regenerator Car-Type Fur- 


nace; Double-End, Car-Type Furnace; 


Rotary-Type Furnace; Continuous Con- 
veyor Furnace; Box-Type Electric Fur- 
nace; Vitreous Enameling Furnaces; 
Comparison Between Furnaces Using 
Oil and Electrice Energy; Muffle-Type 
Furnace; Heat-Treating Furnaces; 
Bench-Type and Floor-Mounted Fur- 


Yours very truly, 


SN S R AL 


President. 


nace of the Hearth Type; Tool-Treating 
Furnaces; Tool Steel Tempering Fur- 
naces; Furnaces for Annealing Cast- 
ings; Continuous Hardening Electric 
Furnaces; Low Temperature Ovens; 
Furnaces for Baking Motor Armatures; 
Furnaces for Enameling; Electric 
Steam Boilers and Electric Sheet Mill 
Roll Heaters. 

On Thursday there will be a general 
discussion on electrical repair shop 
practice. A general invitation has been 
extended to all steel mill operators who 
are responsible for plant maintenance 
to come prepared to take part in the 
discussion or bring up points for 
discussion on the convention floor con- 
cerning any phase of steel mill main- 
tenance practice. 

Arrangements have been made with 
several of the steel plants in the Pitts- 
burgh district for inspection trips and 
the central stations in the district have 
also arranged to show convention mem- 
bers and guests the facilities for pro- 
ducing power that is used in the indus- 
trial sections of Pittsburgh. The in- 
spection trips are in charge of James 
Farrington, Superintendent of the Elec- 
trical Department of the Wheeling 
Steel Corporation, Steubenville, Ohio, 
and particular details can be obtained 
by writing directly to him. 


September. 1921 
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Who Can Answer 
These? 


Method of Running Open Wiring in Mill- 
Type Buildings—I wish some of the 
readers of INDUSTRIAL ENGINEER would 
give me their opinion on the best way 
of running open wiring in buildings of 
mill-type construction. Assuming that 
No. 8 or larger conductors are used, 
should these be run on the roof 
trusses, on the ceiling beams or on the 
side walls? Should the conductors be 
supported by cleats or on knobs? 
What kind of cleats and knobs should 
be used? I should also like to know 
when and how strain insulators should 
and should not be used. Is there any 
preference as to the type of strain 
insulator? Any Information you can 
give me will be much appreciated. 
Worcester, Mass. R. S. T. 
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Jackshaft Bearing of Mill-Type Motor 
Leaks Oil.—I am having trouble with 
oil leakage from the jackshaft bear- 
ings of mill-type motors. These bear- 
ings are large, running from 3% to 7% 
in. in diameter. They are split and 
held in brackets which are integral 
with the motor frame. Both ends of 
the babbitt bearing extend beyond the 
bearing housing. There is one oil ring 
in each bearing. The oil leaks out 
around the shaft at the ends of the 
bearings and then drips on the sur- 
rounding apparatus. At times the oil 
will be drawn out of the bearing to 
such an extent that the oil level will 
fan too low for the ring to dip in the 
O e 

I shall appreciate it if some of the 

readers of INDUSTRIAL ENGINEER will 

give me the remedies they have used to 
overcome this trouble. 

South Chicago, Ill. O. C. 


Is it Good Practice to Weld the Bars in 
Squirrel-Cage Rotors?— We have a 
Westinghouse type CCL 2-hp., 1,200- 
r.p.m., 220-volt, three-phase motor, 
whose rotor bars were fastened to the 
end rings with one screw and soldered, 
and were insulated in the slots with 


fishpaper. This motor drives an air 
compressor and is controlled auto- 
matically. Recently it failed to start 


when the switch was closed and when 
it was discovered the winding was 
roasted, the solder had run out of the 
rotor and the slot insulation was de- 
stroyed. 

The motor was rewound and the 
rotor welded. The bars were not in- 
sulated again. The screws holding the 
bars were left in and the spaces be- 
tween the ends of the bars were filled 
clear up with Tobin bronze. Now the 
motor refuses to start the load, but 
carries it nicely after it is once started. 
The winding is the same as before and 
there are no hot spots in either stator 
or rotor. I took a light cut off the 
end rings, but this made the motor 
weaker. 

I believe the rotor bars need slot 
insulation, but it will be a big job to 
cut off the weld and make new bars. 
Does welding these rotors usually 
cause this trouble? Previous to this 
I had always reinsulated and soldered 


question that you can 
answer from your ex- 
perience. 
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If weld- 


the bars and had no trouble. 
ing is good practice I want to do it, but 
if it is not I want to leave it alone. 
Any information you can give me will 
be much appreciated. 


Also, can you tell me where I can 
get felt wicking, such as is used in 
the oil cups of small motors? 

Regina, Sask.. Can. G. D. 


Connecting Extension Bell to Telephone 
—I shall appreciate it very much if 
readers will give me some information 
on the following problem. In our en- 
gine room we have a telephone which 


operates from the city system, through: 


our own switchboard. When the en- 
gines are running it is impossible to 
hear the bell ring unless some one 
is standing close by the telephone. I 
wish, therefore, to install a large 
alarm or extension bell. How should 
this be connected? What voltage is 
used to ring the telephone bell? What 
voltage and type of bell should I use? 
Is it necessary to use a relay for this 
bell; if so, what type is preferable? 
Please give mea wiring diagram show- 
ing how this bell should be connected. 
Chicago, Ill. N W. A. B. 


Use of Red Metallic on Repaired Arma- 
tures—After rewinding or repairing 
railway motor armatures a coating of 
Red Metallic and shellac is applied to 
certain parts—sometimes to the end of 
the commutator, or to the top of the 
bars where the leads are soldered on, 
to the projecting mica cone, and so on. 
Shellac mixed with it and applied 
seems to dry much qgulcker than 
straight shellac; also it makes a hard, 
permanent coating which has a certain 
cementing property, as when applied 
to the cone to prevent the fraying off 
of small mica pieces under operating 
conditions. However, Red Metallic is 
nothing but iron oxide, better known 
as iron rust, and is a good conductor 
of electricity. Therefore, I do not be- 
lieve anyone, including myself, has any 
justification for using it, for it cer- 
tainly is a conductor in the powdered 
state and probably is when mixed with 
shellac, although I have never had, or 
heard of, any trouble on account of its 
use. I use it as others do because the 
boss says to use it—and he does not 
seem to have any reason for so doing 
except that others before him have 
used it with no bad results. 

Why could not the same quick-dry- 
ing and cementing properties be ob- 
tained by mixing shellac with a non- 
conducting material such as plaster 
of paris or chalk? I should like to 
know what other readers think about 
the use of this systerious Red Metallic. 
Oakland, Calif. S. H. S. 


Advantages of Star- and Delta-Conneeted 
Motor Windings—I wish someone would 
kindly give me some information on 
the following questions. Why are some 
three-phase motors star-connected, and 
some delta- connected? What are the 
advantages of a star-connected motor 
over one that is delta-connected? I 
shall appreciate it very much if some- 
one will explain this to me. 

Toledo, Ohio. F. H. 


E 


Questions As 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


Gorrel OAT 
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Answers Received 


To Questions Asked 


Methods of Repairing Wooden Floors 
We have found that the wooden floors 
in the trucking aisles and particularly 
at corners where trucks are turned, 
wear more rapidly than the remainder 
of the floor. I would like to know the 
experience of some of the other read- 
ers of INDUSTRIAL ENGINEER in making 
repairs for these sections of the floors. 
Also, we would like to know whether 
our renders favor flooring laid parallel 
to the line of trucking, crossways, or 
on a diugonal. 
Monmouth, III. J. H. 


In reply to J. H.’s question in the 
July issue, in a plant where I was em- 
ployed a few years ago the trouble 
which he mentions was encountered, 
and was remedied by laying steel sheets 
over the surface of the floor. The thick- 
ness of the steel plates used was 946 in. 
and they were held in place by 1%-in. 
wood screws, which were countersunk. 
The holes were drilled in the plates on 
12-in. centers and the ends of the plates 
were butted to make a smooth running 
surface. This was found to be a desir- 
able method for trucking aisles and al- 
though the screws would occasionally 
work loose, they were easily replaced. 
The surface of the plates being too 
smooth for trucks to have good trac- 
tion the truckers would sprinkle the 
plates causing them to rust, thus giv- 
ing the desired traction. This method 
of repairing floors so as to prevent un- 
due wear on them has been proven to 
be very satisfactory and is used in 
quite a number of places having wood 
floors. 

In regard to the way flooring should 
be laid, that is, parallel to the line of 
trucking, at right angles to it, or di- 
agonally, I am in favor of laying it 
diagonally. When flooring is laid par- 
allel to the line of trucking the wheels, 
as they come into contact with the ends 
of the boards, have a tendency to break 
them, if the boards are not all flush 
with each other. If they are laid at 
right angles the same results are ob- 
tained, but if laid diagonally this 
trouble is avoided all around. Maple 
used for flooring gives excellent re- 
sults and 1M -in. material is more dur- 
able than 1%.-in. The difference in 
cost should not be considered, as the 
additional strength and longer service 
which can be obtained from the heavier 
material will pay the difference. 
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I hope this will assist in solving 
J. H.’s flooring problem. 
Quantico, Va. Francis E. HARRIS. 
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Locating Open Circuit In Running Wind- 
ing of Fan Motors—(1) I have a 
Westinghouse 110-volt, a. c. fan stator 
which has an open in the running 
winding. The outgoing leads of this 
motor come out between the winding 
and the bottom of the slot, and the 
connections between the various pole 
groups are so covered with shellac 
that I cannot locate them. Will you 
please tell me the correct procedure 
for locating and repairing the open 
under these conditions, without de- 
stroying or damaging the present 
winding? (2) I wish to rewind a 
220-volt, Robbins & Meyers fan motor 
for operation on 110 volts. This stator 
has twenty-four slots witha four-pole, 
three-phase winding which runs on a 
single-phase supply. I could reconnect 
the winding two-circuit or parallel but. 
as before, the three leads of the motor 
come out underneath the winding and 
I have not been able to trace the con- 
nections of the star nor of the dif- 
ferent pole groups. How should this 
be done? (3) What is the proper 
procedure for removing the winding 
from an a. c. fan motor without spoil- 
ing it, as I wish to use it again? 
(4) When dismantling a motor on 
which the winding is impregnated with 
insulating compound, how can one tell 
whether the wire used is single or 
double-cotton covered or silk or cotton 
enameled? (5) I have two 220-volt 
d. c. motors, one series wound and 
the other shunt wound, which I would 
like to use as generators. What 
changes, if any, are necessary in order 
to use these motors as generators? 
Would they operate satisfactorily when 
driven by a Ford gasoline engine? 
(6) Not long ago I heard someone 
speak about winding a motor with two 
or three wires in hand when I men- 
tioned a duplex winding. Does the 
term duplex“ refer to the number of 
wires in hand when winding? 

Brooklyn, N. Y. I. T. 


Taking I. T.’s questions in order: (1) 
On fan motors, the leads are brought 
out through the bottom of the slot, the 
connection being made on the opposite 
side to that on which the leads show up. 
The best way of locating the open is to 
warm up the stator by putting it in the 
oven and when hot, the leads can be 
raised and tested with the test lamp 
until the dead spot between groups or 
between lead and group is found. If 
heating alone does not loosen the wind- 
ings, if the wire is silk- or cotton-cov- 
ered, soak the winding with alcohol and 
then bake at a low temperature, say 
150 to 200 deg. F. 

(2) The above also applies to the 
Robbins & Meyers fan stator; this is a 
straight three-phase grouping with one 
phase of higher resistance and a phase 
splitter in the fan base. It is impos- 
sible to lay down any set procedure to 
cover these two cases, as a great deal 
depends upon the individual’s experi- 
ence, common sense and ability to rea- 
son things out. 

(3) The only method that I know of 
is to soak the whole stator in gasoline 
or alcohol until all varnish is soft; then 
strip the stator. However, as soon as 
the gasoline evaporates, the insulation 
on the wire will become brittle. I think 
that trying to save the old wire for use 
again is a penny-wise-and-pound-foolish 
procedure. 

(4) To determine whether a wire has 
a single or a double layer of insulation, 
warm up a small piece of wire; then 
the covering can be unwound. If a sin- 
gle covering is used bare wire will 
show; if it is double covered, the top 
layer will unwind in the opposite direc- 
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tion to the bottom layer; that is, it is 
impossible to unwind both coverings at 
the same time. To determine if the 
wire has an enamel covering, warm the 
wire sumple and unwind all of the cot- 
ton or silk covering and wipe with a 
rag wet with gasoline. If the copper 
shows with very little rubbing, there is 
no enamel present. Bending the wire 
sharply in a gas flame will cause en- 
amel to erack off and give out sparks. 
Varnish will burn, but enamel on a wire 
will glow and crack. To tell whether 
the covering is silk or cotton, soak in 
gasoline until all of the varnish is re- 
moved and then tell by the feel of the 
insulation. 

(5) In order to operate a series mo- 
tor as a generator, the speed should be 
increased about 10 per cent; this also 
applies to a shunt motor. If the gaso- 
line engine drives the motors at the 
proper speed, that is, 10 per cent above 
the nameplate rating, and at constant 
speed, they will operate satisfactorily 
as generators. 

(6) The term “duplex” does not refer 
to the number of wires in hand per coil, 
but to the type of winding. In single 
lap windings, the number of paths is 
equal to the number of poles, but if the 
winding is a duplex lap winding, it 
will have twice as many paths as poles. 
With single wave windings there are 
but two paths or circuits regardless of 
the number of poles. When a duplex 
wave winding is spoken of, it means 
that the winding has four paths. 
Detroit, Mich. A. C. Rog. 
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Air Filter for Intake of Air Compressor 
Il should like to get a little informa- 
tion from someone who may be in- 
clined to lend a helping hand. The 
plant where I am employed has in- 
stalled two feather-valve air compres- 
sors. These compressors are subjected 
to coal dust, coal smoke and sand and 
we are having trouble with the valves. 
After cleaning them they operate 
satisfactorily for about 24 hours, and 
then begin to hang and stick. 

Will someone please give me com- 
plete details of a suitable screen or 
air filter that I could make and use 
on the intake of these compressors? 
Norfolk, Va. W. B. E. 


In answer to the question asked by 
W. B. E. in a recent issue of INDUSTRIAL 
ENGINEER, I would suggest that he 
build the type of air filter shown in the 
illustration. As will be seen, this con- 
sists of a wooden or concrete vault, 
15 ft. square by 12 ft. high with 4-ft. 
by 5-ft. openings on all four sides. On 
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l 
The air for the compressor is 
passed through a spray of water 
to remove most of the dust and im- 
purities. 
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the inside is mounted a cone-shaped 
compartment, the top 1 ft. from the 
ceiling of the vault and the bottom 
reaching to the level of the top of the 
openings. This cone should be made 
from galvanized sheet iron and may be 
either round or square as desired, al- 
though the square form gives the bet- 
ter results and is easier to make. The 
air outlet from the filter may be a pipe 
made of No. 12 gage galvanized iron 
and leading from the top of the cone. 
This outlet pipe should be 2 in. larger 
than the inlet to the air compressor. A 
clearance of 2 ft. should be allowed be- 
tween the cone and the wall. 

A 1%-in. water pipe containing %-in. 
holes spaced 2 in. apart should be led 
all around the cone, about half-way up. 
If the pressure of the water is not 
enough to give a good spray over the 
edges of the cone, larger holes should 
be used in the pipe. 

It will be seen that all of the air en- 
tering the openings in the vault will 
have to pass through the water spray 
before it goes up the cone and into 
the compressor and most of the impuri- 
ties will be removed. This device gave 
excellent results on a 5,000-cu. ft. in- 
stallation and I believe it would solve 
W. B. E.’s problem. 

Chief Electrician, BARLE N. DILLARD. 


Booth-Kelly Company, 
Springfield, Oregon. 
* „ „ 2 

Selection and Application of Carbon 
Brushes—Can any of the readers of 
INDUSTRIAL ENGINEER give me any in- 
formation on how to choose and prop- 
erly apply the various grades of carbon 
brushes? I should like to know how 
a practical man can by inspection and 
simple tests choose a suitable brush 
for a job or determine what application 
a certain brush is most suitable for. 
T have seen references to the electroly- 
tic action between brass collector rings 
and carbon brushes and should like to 
know the cause of this action and if 
there are any means of ores it. 


Smooth Rock Falls, Ont., Can. 


Replying to W. A. P. in the June is- 
sue, he should, first, consider the carry- 
ing capacity of the brush and the per- 
ipheral speed of the commutator. In 
any case the brush must be capable of 
carrying the maximum current to be 
transmitted. 

Second, the characteristics of the ma- 
chine in question must be taken into 
consideration. In the case of non-inter- 
pole machines, or those having severe 
commutating characteristics, the grade 
of brush used should have a fairly high 
contact drop, in order to suppress the 
reactance voltage. If the commutating 
characteristics are not so severe a 
grade of brush with lower contact drop 
should be used to reduce voltage loss. 

Third, the abrasiveness of the brush 
will depend on the condition of the com- 
mutator. If the mica is undercut little 
or no abrasiveness is required, just 
enough to keep the commutator clean. 
For a machine on which the mica is not 
undercut the brush should be abrasive 
enough to keep the mica cut flush with 
the copper. The degree of abrasiveness 
required will depend on the ratio of 
copper to mica and whether the mica 
is sheet mica or built up of flakes; the 
latter material is softer and requires a 
less abrasive brush than sheet mica in- 


sulation. 


Newport, Ky. C. D. DISPENNETTE. 
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Trouble with Single-Phase Induction Mo- 
tor—Can some of the readers of INDUS- 
TRIAL ENGINEER tell me what is the mat- 
ter with a small, single-phase induction 
motor which fails to start when the 
switch is closed? Both the main and 
starting windings and the centrifugal 
switch have been tested and seem” to be 
all right. After closing the line switch 
and giving the rotor a quick start by 
means of a string, the rotor will some- 
times quickly come to a stop, or appar- 
ently lock. Then, possibly the next time 
the switch is closed the motor will start 
from rest and run normally. This is a 
standard make of four-pole, 60-cycle, 110- 
volt motor. I shall certainly appreciate 
any suggestions vou can give me as to 
what is the trouble and how it can be 
remedied. 

Uhrichsville, Ohio. R. F. P. 
In reply to the question asked by 

R. F. P. in a recent issue of INDUS- 
TRIAL ENGINEER, I would suggest that 
he check the clearance between rotor 
and stator. If this is found to be sat- 
isfactory, the centrifugal switch should 
be examined tọ see if it is possible that 
sometimes it may not make good con- 
tact. Also, it sometimes happens that 
one of the windings (usually the start- 
ing winding) has an open circuit, that 
will open and close due to vibration. If 
the ends of such a broken wire make 
contact the motor will start and run 
normally, but if the ends of the wire 
become separated the motor will not 
start. 


Muucie, Ind. GEORGE CROPPER. 
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Doen Voltage Above Normal Affect Power 
Bill?—We buy power from a local 
power company at a line voltage of 
13,000 volts. The voltage in the plant 
is supposed to be 550, but we have an 
average voltage of 640 to 700. Our 
motors are of the induction type, rang- 
ing from 1/10 to 50 hp. Will there be 
any loss of power with the voltage 
higher than normal? If so. what will 
it amount to? When the voltage jumps 
from 620 to 700 our indicating watt- 
meter will rise around 200 watts. Will 
this increase the reading of our kw.-hr. 
meter in proportion, or what per cent 
will it de? I have been checking very 
closely the power consumed and find 
that when we have high voltage the 
power runs higher also. I shall be 
very grateful for any information you 


can give me. 
Rock Hill. S. C. L. W. M. 


Answering L. W. M. in a late is- 
sue, if the voltage in the plant is sup- 
posed to be 550, it should not exceed 
600 volts for good results. Induction 
motors will operate satisfactorily when 
the voltage is 10 per cent above or 
below normal, but this range should not 
be exceeded. 

A change in voltage causes a change 
in current; then for under-voltage the 
current will be increased which will 
cause an increase in the copper loss. 
To compensate for this increased copper 
loss at reduced voltage the iron losses 
will be reduced. If the voltage is in- 
creased above rated voltage the cur- 
rent will be reduced and the copper 
losses reduced, but the iron losses will 
be increased. 

In other words, with an increase in 
voltage there will be a certain amount 
of energy saved in the copper losses 
while at the same time there will be 
an increase of energy wasted in the 
iron losses. The result is that the in- 
creased iron losses will be greater than 
the decrease in the copper loss. Con- 
sequently with an increase in voltage 
there will be also an increase in the 
amount of power consumed. The per 
cent increase of power consumed may 
be more in proportion than the ratios 
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of the squares of the impressed voltage. 
It will also depend upon the per cent 
of full load the motors are pulling. If 
the motors were highly loaded with the 
voltage as high as 700 they would 
surely run hot and would be very likely 
to becume hot enough to burn out, this 
heating being caused by the increase in 
the iron losses. Another item to check 
up on with such a large increase in 
voltage above normal is the power fac- 
tor. With an increase in voltage above 
normal the power factor will probably 
be reduced. For motors rated at 550 
volts, 700 volts make for poor economy 
and should not be used. 
Muncie, Ind. GEORGE CROPPER. 

* * + * 


Answering the inquiry by L. W. M. 
in a late issue, an example will prob- 
ably give him food for thought on 
his problem. Assume that he has a 
load of 100 amp. at 640 volts, which 
will give 110.7 kva. or 88.57 kw. at 80 
per cent power factor on a three-phase 
system, which I presume he has. The 
same current load of 100 amp. at the 
voltage he should receive, 550 volts, 
will amount to 95.1 kva. or 76.1 kw. at 
80 per cent power factor. This would 
mean a saving of 12 kw., which in 
thirty days will make a decided differ- 
ence in the power bill. Also the motors 
will run cooler at their rated voltage. 

It is an excellent plan to have the 
voltage slightly above rating in order 
to compensate for line drop in the 
feeders, but ninety volts is more than is 
necessary on a 550-volt system of small 


5 LEE F. DAN. 


Donnacona, Que., Can. 
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Protecting Wires from Mechanical In- 
jury— How should the 5-ft. stretch of 
wire from floor to switch, shown in the 
accompany diagram, be run for proper 


protection from mechanical injury? Knob 
and tube work is used throughout on 
this job. and the wire in question is to 
be installed 


in an unfinished stairway 


110 Volts A.C. 
Lis ht 


Single Conductor 
Arhored Cable 


%% Switch 3 Way Switch 


leading to a cellar. There is no partition 
through which to fish the wire. Further, 
when the wall of the stairway is finished 
it is to be back-plastered; so there will 
be no partition even then. I shall appre- 
ciate it if some reader can tell me the 
best way to meet the above conditions. 
Concord, Mass. D. F. 
In answer to D. F.’s question in a 
recent issue of INDUSTRIAL ENGINEER, I 
wish to call attention to the fact that 
according to your drawing, you have 
used the old “hot-wire shunt system,” 
which is now obsolete. This method of 
wiring is not in accordance with the 
regulations of the National Board of 
Fire Underwriters, and thus is not con- 
sidered good practice. This point is ex- 
plained in Article 12, Paragraph a, 
Section 1204 of the 1923 edition of the 
National Electrical Code. The illus- 
tration shows the proper method of 
connecting three-way switches. 
In regard to protecting wires which 


att S Way switch.... Mains 
qom]; i 
Lamps ~ 

Proper method of connecting two 
three-way switches. 


are run as shown in your sketch, I 
would suggest that you consult Ar- 
ticle 6, Section 611, Paragraph m of the 
1923 Code. As I interpret it, this tells 
you to reinforce each wire with flex- 
ible tubing and pull both lines in a %- 
in. pipe which is securely fastened in 
position. 

Philadelphia, Pa. 
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In answer to D. F.’s question in a 
late issue, I would suggest that on ac- 
count of the stairway being back- 
plastered, he use a short run of metal 
conduit or wooden moulding for pro- 
tection. 

While looking over his sketch I no- 
tice that he has both sides of his line 
running through the switch-box. I 
would not advocate this method of wir- 
ing for three-way switches as Code 
rules require that only one pole of the 
circuit be carried to such switches.. 

Nashville, Tenn. C. B. FRANKLIN. 
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From the question asked by D. F. in 
a recent issue, I take it that the in- 
stallation must come up to National 
Electrical Code rules. Therefore, ac- 
cording to Section 1204a of the 1923 
edition, the three-point switches must 
be connected by two neutrals as only 
one pole of the circuit is allowed at 
cach switch. In the stairway a line of 
. in. conduit may be run from the 
attic or second-story floor to the base- 
ment, a G condulet fitting being in- 
serted at the proper place for the 
switch, if this is of the snap, surface 
type. In this case the ends of the con- 
duit must be equipped with approved 
fittings having separately bushed holes, 
such as A or B condulets. The wire 
must pass from the conduit to open 
work without joint, splice or tap and 
the fittings may be enclosed, if installed 
in this manner. 

If a snap switch is used and greater 
protection against mechanical injury is 
desired than is provided by the above 
arrangement, I have had the following 
approved by a member of the State In- 
spection Bureau on jobs where a cer- 
tificate of title had to be presented 
upon completion of the job: 

In place of the G condulet, a 4-in. 
outlet box may be inserted in the usual 
way and an open base snap switch fas- 
tened in it. As a cover, use a 4-in. sign 
receptacle ring with the concave side 
turned outward. This ring will just 
rest on the metal switch cover and the 
switch button will project slightly be- 
yond the surface of the cover. If it is 
more convenient to carry the circuit 
wires to the basement through another 
partition, then all that would be nec- 
essary is a short piece of conduit ter- 
minating at the box or condulet. If 
preferable, a No. 170 Union switch 
box and flush switch may be used. 
Auburn Junction, Ind. W. C. GRUPB. 
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What Kind of Cluteh Should Be Used 
Here t—-I should like to get your opin- 
ion on a clutch to be used for driving 
a mine fan. The sketch shows what 
we have at present, but it is not very 
Satisfactory, due to the flywheel effect 
of fan and pulley, which causes ex- 
cessive wear on the square-jaw clutch 
and results in back-lash at every 
stroke of the engine. 
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The engine is rated at 250 hp. at 175 
r.p.m. and operates at full capacity, 
in one direction only. The clutch is 
used so that the engine may be thrown 
out part of the time and the fan 
driven by a 250-hp. motor belted to 
the pulley. 

What type of clutch could I get that 
would fit into these dimensions and 
be able to carry the load? 

Bicknell, Ind. H. S. B. 

With reference to H. S. B.’s question 
in a late issue of INDUSTRIAL ENGI- 
NEER, the accompanying sketch shows 
an electro-magnetic clutch in place of 
the mechanical, manually operated jaw 
clutch. Jaw clutches have not proven 
satisfactory when operated direct con- 
nected with steam engines, due to the 
pulsating effect. A magnetic clutch 
can be used to fit into the dimensions 
shown. A clutch of this type permits 
a certain amount of variation in angu- 
lar velocity which is taken up on the 
brake lining. The clutch can be oper- 
ated, or engaged, when connected to 
the steam engine and disengaged when 
the fan is belt-connected to the motor, 
on 115 or 230 volts direct current by 
means of a push button, to give re- 
mote control. This is a decided advan- 
tage over any form of mechanical type 
of clutch as it eliminates the manual 
operation of engaging, which usually 
requires barring the flywheel to get 
the jaws in position. 

The sketch shows a 44-in. diameter 
magnetic clutch the use of which is 
based on condition that the clutch be 
engaged before the engine is put in 
operation, and depends on the charac- 
teristics of the fan and the WR? value 
of the flywheel pulley. If it is desired 
to engage the clutch after the engine is 
in motion, a larger clutch will be re- 
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Installation of 44-in. Cutler-Ham- 
mer magnetic clutch, rated 250 hp., 
at 175 r. p. m. 
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quired and the size will depend on the 

load to be accelerated. 

Further information can be obtained 
by writing to the Cutler-Hammer Mfg. 
Company, Milwaukee, Wis. 

E. H. LAABS. 

Engineer, Printing Equipment Dept., 

The Cutler- Hammer Mfg. Co., 

Milwaukee, Wis. 

* * k * 

Will This New Winding Be Satisfactory? 
—I have a 2,200-volt, three-phase, 60- 
cycle, 20-hp. motor that I want to re- 
wind for 220 volts, three-phase, 60 
cycles. This is a squirrel-cage motor, 
having seventy-two slots. The origi- 
nal winding was seventy-two colls 
wound with twenty-six turns of No. 19 
wire, two-parallel, connected series 
star, the coils laid in slots 1 and 10. 
Would a winding consisting of thirty- 
six coils of sixteen turns of No. 14 
wire, three-parallel, coil span 1-and-16, 
be satisfactory? How should this 
winding be connected? I shall appre- 
ciate it very much if someone will help 
me out on this. 

Albany, Ga. B. B. 

With reference to the questions asked 
by B. B. in the June issue, the number 
of poles is not given, but I judge that 
this is a six-nole motor from the coil 
pitch used. If so, it can be reconnected 
for 220 volts by using a six-parallel 
delta connection. This works out as 
follows: The volts per phase with a 
line voltage of 2.200 and a series-star 
connection is (2,200 — 1.73) = 1,270 
volts approximately, which is also the 
line voltage for a series-delta connec- 
tion. Then if a six-parallel delta con- 
nection is used, the line voltage would 
have to be (1,270 — 6) = 211.6 or 8.4 
volts under 220 volts, which is less than 
10 per cent variation and is satisfac- 
tory. The winding suggested, that is, 
thirty-six coils of sixteen turns of three 
No. 14 wires in parallel would give 390 
volts per phase for a series-delta con- 
nection. For a series-star connection, 
the line voltage would have to be 
(390 X 1.73) = 674.7 volts and a three- 
parallel star connection would require a 
line voltage of (674.7 — 3) equals 224.7 
volts, which is satisfactory, and three 
No. 14 wires would have ample cross 
section. However, the pitch of l-and-16 
is too long a throw if the motor has six 
poles; then the 1-and-10 pitch is practi- 
cally 80 per cent pitch and for six poles, 
seventy-two slots, the 1-and-16 coil 
pitch is over-pitch 25 per cent, which 
will give a slightly lower value for the 
chord factor than the l-and-10 pitch, 
but the coils will be hard to wind and 
will require a greater weight of copper 
and more end room than the seventy- 
two coil winding. I suggest, therefore, 
that he use a basket winding of thirty- 
six coils of sixteen turns of three No. 
14 d. e. c. wire, pitch I-and-10 and con- 
nect the coils three-parallel star for 220 


volts. 
Detroit, Mich. A. C. Roe. 


R k W g 


In answer to the question asked by 
B. B. in the June issue of INDUSTRIAL 
ENGINEER, he does not state the speed 
of the motor nor the number of poles. 
However, if the motor has seventy-two 
slots and seventy-two coils with a coil 
pitch of l-and-10, it is evidently a six- 
pole motor, which would give a coil 
pitch of 75 per cent of full pitch. 

This motor is already wound for 2,200 
volts and connected series-star. As a 
series-delta winding will stand 57.73 
per cent of the voltage that a star wind- 
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ing will, if we reconnect this motor 
series-delta it will then be suitable for 
(2,200 X 57.73) = 1,270 volts. Now, as 
the motor has six poles, we could also 
connect it six-parallel delta, as the 
series-delta connection will generate 
1,270 volts. Then if we connect it six- 
parallel delta we will obtain (1,270 ~ 6) 
= 211.6 volts which is 8.4 volts less 
than required; or (8.4 — 220) = 38 
per cent under-voltage, which will be 
close enough under ordinary operating 
conditions and thus avoid necessity of 
rewinding the motor. 

But if the motor is to be rewound, I 
would use seventy-two coils and if there 
were sufficient end room to permit, I 
would make the coil pitch 1-and-11 and 
use thirteen turns of No. 13 d. c. c. wire 
per coil, connecting three-parallel delta, 
which will give 220.7 volts. However, 
if the end room is not sufficient for the 
l-and-11 pitch, then use the 1-and-10 
coil pitch as in the original winding, 
using thirteen turns of No. 13 d. c. c. 
wire per coil and connect three-parallel 
delta which will give a winding for 
211.6 volts. This will be close enough 


for ordinary use. 


Muncie, Ind. GEORGE CROPPER. 
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In answer to B. B.’s question in the 
June issue of INDUSTRIAL ENGINEER, if 
the stator of this motor has not been 
stripped of its windings and they are 
in good condition, they may be recon- 
nected six-circuit delta and operated on 
a 220-volt circuit satisfactorily. A 
series-delta connection is good for 58 
per cent of 2,200, or 1,276 volts. Then 
for six-circuit delta, (1,276 — 6) = 
212.66 volts which is within 3% per 
cent, approximately, of the desired 
voltage and is satisfactory. 

If, however, the present winding is in 
bad condition, he may use the winding 
he mentioned. However, this calls for 
a basket winding and it would be bet- 
ter to use a winding consisting of sev- 
enty-two coils of three No. 14 wires, 
using eight turns per coil with a pitch 
of l-and-10 as before and connect the 
winding three-circuit star. 

If there is not enough end room for 
the No. 14 wires in the slots when prop- 
erly insulated, three No. 15 wires will 
give as good a winding.as the original 
one. I trust this will give B. B. the de- 
sired information. 

San Anglo, Tex. CURTIS EBNER. 
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Replying to B. B. in the June issue, 
it is possible to rewind this motor for 
220-volt operation, assuming that the 
speed is to be the same for both volt- 
ages. Winding this motor for 220 volts. 
there will be seventy-two coils of eight 


_ turns per coil of No. 14 d. c. c. wire, 


coils to be connected six-parallel star 
with a coil pitch of l-and-10. The slot 
insulation will be one thickness of fish- 
paper and one thickness of varnished 
cambric each 0.010 inch thick. Var- 
nished cambric should also be used be- 
tween phases. 

These coils will go in easily because 
the insulation for 2,200 volts would be 
considerably more than for 220 volts. If 
this motor is connected for six poles, as 
I assume, there will be eighteen groups 
of four coils per group connected in 
series. JAMES R. MCCORMICK, JR. 
Putram, Conn. 
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Trouble with Single-Phase Motor—lI have 
a %-hp., 110-volt, 60-cycle, single- 
phase induction motor of the split- 
phase starting type, having its wind- 
ings on the rotor and the squirrel cage 
on the stator. This motor recently 
showed evidence of heating when run- 
ning on light load and finally refused 
to start, even without load. On testing 
the windings, they were found to be 
free from opens, shorts and grounds. 
The centrifugal switch functions all 
right but shows burning at the contact 
points. The bearings were renewed 
and the contact points cleaned, after 
which the motor started on no-load 
when first reassembled, but after that 
it again refused to run. The rotor was 
free in the bearings and did not rub on 
the stator, also the brushes were oper- 
ating all right. Will someone suggest 
what may be the cause of the trouble? 
Newark, N. J. H. M. 


With reference to H. M.’s question in 
a late issue of INDUSTRIAL ENGINEER, 
the symptoms he describes are those 
ordinarily produced by loose rotor bars 
and the simplest remedy is to have the 
ends of the bars welded or brazed or, as 
a last resort, resoldered to the end 
rings. Loose bars increase the resist- 
ance of the secondary and lower in pro- 
portion the pulling power of the motor. 
The fact that he is able to get the mo- 
tor to start sometimes, and not at 
others, is probably because some of 


the bars are still making contact. 
Seattle, Wash. W. MONTELIUS PRICE. 
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Rewinding G-Wolt Motor for 110 Volts— 
I have a Gray & Davis 6-volt d.c. motor 
which I would like to convert into an 
electric drill to operate on a single- 
phase, 110-volt, 60-cycle circuit. Is it 
possible to rewind this motor? It is 
equipped with a brush rocker and 
brush spacing device. 

L. E. G. 


Logansport, Ind. 

L. E. G. asks, in a recent issue, about 
rewinding a Gray and Davis 6-volt mo- 
tor for operation on 110 volts alternat- 
ing current. If this motor has a cast 
frame, which it probably has, the 
change which he proposes is not prac- 
ticable, owing to the heating which 
would be caused by eddy currents. It 
is to avoid this heating that all alter- 
nating-current apparatus is built with 
laminated iron cores. Further, I doubt 
if there are the proper number of slots 
and bars in the armature for operation 
on alternating current. 

Seattle. Wash. W. MONTELIUS PRICE. 
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Meaning of Motor Nameplate Data—Cun 
some reader tell me what “Open Hp. 19, 
Amps. 75,—Closed Hp. 6%, Amps. 43,” 
means in the case of a General Elec- 
tric, d. e., compound-wound motor 
which has the following nameplate 


data: No. 95790, Form B, Speed 650, 
Volts 115, Open Hp. 10, Amps. 75— 
Closed Hp. 5%, Amps. 43. Pat’d Feb. 
14-88 up to Jan, 31-99. 

Mazatlan, Sinaloa, Mex. J. C. L. 


In answer to J. C. L., in a late 
issue, “open” and “closed” horsepower 
refers to whether the frame is open or 
closed, so that it does or does not allow 
good ventilation. 

Some frames are closed absolutely 
tight to keep out water or dust, and 
this arrangement, by not providing any 
ventilation, does not permit the heat 
created in the winding to pass away. 
As the limit of any power agent is 
reached at a certain degree of heat, 
lack of ventilation materially decreases 
its allowable load or horsepower. 

Confined heat will also lower the 
limit of a generator or transformer to 
such a serious degree that any attempt 
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to carry its rated load in amperes or 
kilowatts would very likely cause a 
burn-out. Thus, an over-heated gener- 
ator, motor or transformer is not al- 
ways overloaded; it may simply be 
lacking in ventilation. In other words, 
if these could be kept cool by some very 
ingenious scheme the loads they could 
carry would be almost unlimited. So, 
as heat is the limiting factor, the rat- 
ing of an entirely inclosed motor is 
about one-half that of the open type. 
A motor properly located will carry its 
full load, as shown in the nameplate, 
with a temperature rise of not over 40 
deg. C., or 75 deg. F. above the sur- 
rounding air. It may then fee: hot to 
the hand, but it is safe. If the back 
of the hand cannot be held against the 
motor for more than a few seconds it 
is then hot enough to be tested with 
a thermometer, which has its bulb sur- 
rounded by cotton or waste. If the 
motor is too hot, reduce the load. 

New Britain, Conn. H. S. RIch. 
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In reply to J. C. L.’s question in a 
late issue, “closed” means that the 
motor is enclosed so as to practically 
prevent the circulation of air through 
the interior. “Open” means that there 
is no obstruction to ventilation other 
than that imposed by good mechanical 
construction. When the motor in ques- 
tion is “open” it will develop 10 hp. 
without overheating, and when “closed” 
it will develop only 57% hp. without 


overheating. 
Fort Worden, Wash. E. I. PEASE. 
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In answer to J. C. L.’s inquiry in a 
recent issue, motors are classified ac- 
cording to the degree of enclosure pro- 
vided in their frame construction as, 
(1) the open type; (2) partially closed; 
(3) totally enclosed. 

The temperature rise governs the 
load that a motor will operate under 
successfully. For instance, the motor 
in question may be operated open 
(windings exposed to the surrounding 
air) and have a rating of 10 hp. and 
75 amp.; or it may be used with the 
end frames closed (no ventilation) with 
a rating of 5% hp. and 43 amp. En- 
closed motors are generally used in 
dusty, gaseous or wet places or where 
they are exposed to the weather. 

WILLIAM J. MILDON. 


Supt. of Power and Equipment, 
Madetra-Hill Coal Mining Co.. 
Philipsburg. Penna. 
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In reply to J. C. L.’s inquiry in a 
recent issue, he has in his possession a 
motor designed to operate either open 
or as an enclosed motor. When oper— 
ating as an open motor, it would 
develop 10 hp. at a full-load current of 
75 amp. and will not exceed the given 
temperature rise of the motor, but when 
operating as an enclosed motor, it will 
only develop 5% hp. at a full-load cur- 
rent of 43 amp., without overheating, 
which may cause serious damage to the 
motor and might cause the solder to 
be thrown from the armature leads 
where they are connected to the com- 
mutator. Care should be taken to see 
that this motor is not loaded more than 


512 hp. when operating enclosed. 
Sales Department, 

Diehl Manufacturing Co., 

Elizabeth, N. J. F. P. LANING. 
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Why Does This Watt-Hour Meter Run 
Backwards?t—I have a 150-kw. motor- 
generator set driven by a synchronous 
motor which is operated from a 2,200- 
volt line. When the set is started why 
does the watt-hour meter run back- 
wards? The fact that it does run back- 
wards surely does not mean that no 
power is used in starting. (2) When 
this machine is running at no-load 
should the ammeter on the exciter be 
adjusted so that the watt-hour meter 
runs very slowly, or so that it stands 
still? (3) When the watt-hour meter 
runs backwards, as mentioned, what is 
the cause of the trouble and what will 
be the effect. Will it harm the machine 
in any way? I shall appreciate any 
information which your readers can 
give me on these points. i 
Beaverdale, Pa. M. A. L. 


Referring to the question asked by 
M. A. L. in the May issue of INpUs- 
TRIAL ENGINEER, (1) when starting a 
synchronous motor, the field current is 
lagging, and a lagging current tends 
to pull down the voltage of the circuit; 
hence it tends to lower the applied volt- 
age and also lower the power factor. 

I would suggest that M. A. L. have 
the meter tested by a competent meter 
man, instructing him to give careful 
attention to the lag adjustment of the 
meter, for a small per cent error in 
adjustment at unity power factor will 
increase considerably at low power fac- 
tor. It is, however, characteristic of 
the induction watt-hour meter to run 
backwards at a power factor of less 
than 50 per cent on one leg of a poly- 
phase circuit. 


(2) This will depend to some extent 
on the condition of the lagging of the 
meter, but over-exciting of the motor 
should produce a leading current caus- 
ing the meter to run in its proper direc- 
tion. 


(3) If the machine has been running 
to the present time, I can not see where 
the reversal of rotation of the meter 
would affect the motor in anv way. 
Goldfield, Nevada. PHIL D. COMER. 
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In reply to the questions asked by 
M. A. L. in the May issue, I would say 
that his trouble with the watt-hour 
meter is undoubtedly caused by wrong 
connections. It is a well-known fact 
that one of the elements in any three- 
phase watt-hour meter tends to run 
backwards at power factors under 0.50. 
The starting current of a synchronous 
motor will have a power factor under 
0.50; therefore, an open circuit in one 
of the coils of the fast element of the 
meter would cause it to perform in this 
manner. A blown potential fuse could 
also give the same results. An error 
in phasing out the secondaries of the 
instrument transformers might also 
cause a meter to run backwards under 
conditions of' low power factor. If the 
trouble is caused by an open circuit it 
can easily be located by opening each 
potential circuit successively and noting 
if the meter stops with either element 
cut out. If not, the connections shou'd 
be checked and special attention given 
to the polarity marks and the proper 
phasing. 

In answer to the second question, the 
field current of a synchronous motor 
should be adjusted until the line current 
is at a minimum at normal load. No 
attention should be given to the watt- 
hour meter for this adjustment. 
Hibbing, Minn. LYLE HENDRICKS. 
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Building Maintenance A 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


and Plant Safety f 


Hanging Up the Shop Waste Cans 


for Convenience 


ASTE CANS, particularly those 
in which the floor sweepings, con- 
taining turnings, grit and other heavy 
shop trash are placed, are so heavy 
that the lift from the floor for the pur- 
pose of dumping into wheelbarrows 
usually requires the services of two 
men. To avoid this extra work, a num- 
ber of installations of suspended cans 
were made in one shop. These outfits 
were similar to the one shown in the 
illustration and consisted of vertical 
supports from the beam overhead with 
a cross bar supporting the waste cans 
slightly above the center. 
The cans stand clear of the floor and 
are dumped by simply pushing the 


J Pipe and 


fittings- 


It would require two men to pick 
this can up and dump it. When 
suspended, however, one man can 
easily dump it into a wheelbarrow. 


s 
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wheelbarrow up to the can. One man 
can readily tilt it and dump the con- 
tents into the barrow. An additional 
feature is that the usual collection of 
dirt under or around the can is avoided. 
Washington, D. C. G. A. LUERS. 


=o 
Using Motor Truck in Place of 
Power Hoist 


AY INSTANCE where a little in- 
genuity saved considerable money 
occurred when we were erecting a new 
Luilding at the plant, the first we had 
that was built of steel. It was three 
stories high and stood apart from the 
rest of the factory buildings. The ele- 
vator was to be installed as soon as 
the steel work was up sc that it could 
be used to hoist the various other build- 
ing materials for the sides and walls. 

We were doing the work with our 
shop operating force, as business was 
slow enough so that we could take the 
men from the shop and put them on the 
building. The steel was purchased 
fully fabricated, and laid down on our 
grounds. The crew that did our shop 
repairs, installation and general main- 
tenance were fully capable of becom- 
ing foremen for the gang from the 
shop and directing the construction of 
the new building. 

One thing we lacked was equipment 
for hoisting the steel columns and 
beams. We had sheave wheels and 
steel cable but no kind of hoist—and 
we didn’t want to buy such equipment 
if it could be avoided. With what we 
had, and our motor truck, we got along 
without buying. 

We arranged an 8-ft. piece of steel 
beam with a sheave wheel on top and 
angles at the bottom for bolting on at 
any of the regular connections. This 
became a temporary gin pole, easily 
portable and all that was then needed 
was several other wheels set at the 
proper places to guide the cable, which 
finally emerged horizontally from the 
new building and was carried to one 
of the towing hooks at the back of the 
truck. 

We used the truck as a power hoist. 


On low gear, it has a speed of 3 miles 
an hour, which is a slow walk, and 
which can be further reduced by clutch 
slipping. With a careful driver it was 
thus possible to hoist the beams and to 
hold them suspended while the steel 
worker put in the temporary bolts. 
DoNALD A. HAMPSON. 
Plant Superintendent, 
Morgans and Wilcox Mfg. Co. 
Middletown, N. Y. 


3 
Tests Prove That . 

The Strength of Rope Cannot Be 
Judged by Appearance 


AFE CONDITIONS demand that 
ropes such as are used over pulleys 
or to suspend tools with a counter- 
weight, should not be used after they 
become unsafe. The problem is, how- 
ever, to know when a rope has worn 


To all appearances these four ropes 
are of the same quality and would 
be graded according to strength in 
the order shown here. 


Tests showed. however, that the second 
rope from the left B is almost as weak 
as the rope D at the right. These ropes 
were used to suspend air or electric 
drills directly over the workman’s head 
by means of a pulley and counterweight. 
The tests proved so conclusively that 
rope could not be judged by its ap- 
pearance, that twisted wire rope is now 
used for this work. 
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enough to make it unsafe. The Safety 
Committee of the Auto Body Company 
of Lansing, Mich., recently made some 
strength tests of new and used rope to 
see how nearly the strength could be 
judged from its appearances. These 
ropes were used to hold electric or air 
drills which in the body plant are coun- 
terweighted and suspended directly 
over the workmen for their con- 
venience. The rope is similar to the 
heavy braided rope used on counter- 
weights for windows. A new rope, 
as at (A), in the test stood up 


under a pull of 565 lb. The rope, shown. 


at (B), which is of the same quality, 
had been in actual service before the 
test was made and to all appearances 
was in good condition. However, it 
registered only 243 lb. in the test. The 
rope at (C) had shown considerable 
wear and appeared to be in dangerous 
condition, but it withstood a pull of 
315 lb. The rope at.(D) was only able 
to withstand a pull of 210 lb. before 
breaking, or a little less than the bet- 
ter appearing rope at (B). 

These tests demonstrated the diffi- 
culty of estimating the strength of any 
rope simply from its appearance, and 
emphasize the fact that the strength of 
a rope lies in its core and not in the 
outside. The rope at (B) may have 
been wet, pinched or suffered some 
other accident or deterioration which 
was not obvious to the user. 

As a result of these tests, twisted 
wire rope is now used to suspend drills 
and other tools on counterweights 
which are often hung directly over the 
workman, within his reach at any time. 
As this rope is twisted, not braided, 
when a strand breaks it is impossible 
to use the rope any longer as the 
broken strand uncoils from the body of 
the rope and it will not pass through 


the pulley. T. MURDOCK. 
Michigan Mutual Liability Co., 
Detroit, Michigan. 
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How Coal Conveyor Reduces 
Cost of Yard Storage 
NLOADING COAL offers one of 
the best and most common ex- 
amples of what material-handling 


equipment can do. How this has 
worked out in one instance is shown by 


space. 
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the savings made by the coal conveyor 
installed in the yard of a large foun- 
dry, as shown in the accompanying il- 
lustration. This has not only saved 
time but has enabled the plant to cover 
a larger area and at much less ex- 
pense for unloading and storing. Some- 
times, as many as twenty or more 
cars are waiting to be unloaded and 
the conveyor is busy 24 hr. a day. 
The loaded bucket makes a trip from 
the pit at the car, to either end of the 


yard and returns in 5 min. It 
can deliver about 120 tons every 
10 hr. Formerly, a 40-ton car- 


load of coal required eight men, 3% 
hr. to shovel the coal over the side of 
the car and then 5 hr. more to move 
it farther back to storage. With this 
electrically driven conveyor, only two 
men are at the car, one man operates 
the windlass, and another trips the 
bucket to unload and convey to any 
distant point along the cable-way a 40- 
ton carload every 3 hr. 

The main features of this coal-hand- 
ling equipment which is a Model C 
hoist, made by the Godfrey Conveyor 
Co., Elkhart, Ind., are shown by the 
halftone illustration. Two steel masts, 
(A) each 50 ft. high, are erected 400 
ft. apart, with a crow’s nest at the top 
for convenience in making repairs to 
the trolley and sheaves. A main sup- 
porting cable of 1% in. diameter is 
carried over each of the masts and an- 
chored to concrete bases 10 ft. long, 


These show a general view of the storage yard and 
one of the masts with its crow’s nest. 

With this coal carrier, a 40-ton carload of coal can be un- 
loaded in 3 hr. and place at any position in this storage 


It formerly required eight men, 3% hr. to unload 
the car and 5 hr. more to move it into storage. 
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This sketch gives in detail the con- 
struction and operation of the coal 
conveying system, described in the 


accompanying item. The two 


masts are located 400 ft. apart. 


— 


3½ ft. wide, and 10 ft. deep. The %- 
in. hoisting cable extends from the 
bucket over the trolley sheaves to the 
mast at each end, then down the center 
mast and around the windlass, as 
shown. This cable has been renewed 
only once in three years. The operator 
at the windlass can readily locate the 
position of the bucket and trolley at 
the various coal piles by painting white 
marks a few inches long on the cable. 
The trolley truck is of forged steel, 
with bronze bushed wheels. It is kept 
well painted all the time. The bucket 
is of electrically welded steel and its 
movements up, down, forward and re- 
verse are controlled by levers at the 
windlass. It opens at the bottom by 
releasing a spring trip, or it will trip 
itself, by letting it drop suddenly on a 
coal pile. The sheaves for the hoisting 
rope are of steel, about 12 in. in di- 
ameter and are fitted with Hyatt roller 
bearings. The windlass (G) is driven 
by a 7 -hp., 440-volt, three-phase, 
semi-inclosed, squirrel-cage-type mo- 
tor, inclosed in a waterproof box. The 
starter is close by in a covered cab- 
inet. 

In unloading, the car of coal is 
placed over a chute or pit and dumped. 
The operator lowers the bucket into a 
loading pit (H) alongside the track. 
This pit is about 20 ft. long, 4% ft. 
wide, 914 ft. deep at the lower end and 
3 ft. deep at the upper end. This gives 
the bottom of the pit an incline and the 
bucket slides down this incline on a 
long track rail to the lower level where 
it rests while being filled through a 
chute from the car on the track above. 
In winter this loading pit is entirely 
boarded over when not in use, and at 
other times a compressed air siphon 
pump keeps out ary rain water. A 
sliding gate controls the discharge of 
coal into the bucket. When filled the 
operator hoists the bucket, moves the 
trolley to the part cf the vard where 
the coal is to be dumped, trips the 
bucket and returns it to the pit to be 
filled. For night work. two 100-watt 
lamps are used, one at the pit and the 
other higher up to enable tlie operator 
to guide the trolley and bucket over 
the pit. 

New Britain, Conn, 


H. S. Ricu. 
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Eliminating 
Trouble Caused by Line Surges 
Due to Lightning 


ECENTLY a large mining com- 

pany was troubled, during electri- 
cal storms, by interruption of service 
due to the oil switch on the primary 
side of the line opening without appar- 
ent cause. 

After a careful check had been made 
to make sure that there was no over- 
load or line surge caused by the operat- 
ing conditions, it was decided that 
lightning was causing the trouble. 

As the overload trip coils were set 
as high as they could be without en- 
dangering the connected apparatus, it 
was found necessary to insert some 
kind of a lag or choke in the circuit. 
The connections were not changed to 
the trip coils, but an ordinary porcelain 
lamp socket was cut in parallel across 
each circuit from the current trans- 
formers to the trip coils as shown in 
the illustration. In this socket was 
screwed a fuse plug with a rating not 
greater than the setting of the trip 
coils. 

This scheme has been tried out for 
several months during the most severe 
storms and no trouble was experienced 
with the switch opening under light- 
ning surge, although the fuse would 
blow, allowing the coils to operate on 
overloads other than those caused by 
the lightning. 


A fuse, in a porcelain socket, was 
cut in across the leads from the 
current transformers to the trip 
coils of the oil switch. 


Electrical Service 
Around the Works 
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For this section ideas and practical methods de- ’ 


vised to meet particular operating conditions are 
invited from readers, The items may refer to inspec- 
tion, overhauling, testing or special installations. 


This little kink may help someone 
solve a similar problem in some other 
desert country. 


Goldfield, Nev. PHIL D. COMER. 
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Strong and Simple 
Supports for Conductors on 


Roof of Plant Building 


HEN aerial conductors are used 

between the power house or 
substation and the various depart- 
ments of an industrial plant, the ques- 
tion of providing proper supports for 
the conductors deserves special atten- 
tion. The illustration shows a strong 
and simple corner roof structure which 
was erected for carrying cables over 
the top of a New England factory to a 
lower building in the same plant. This 


a; 


on f Era 


The support is made of structural 
steel bars and channels anchored to 
a concrete base and strongly 
braced, 


support was built of structural steel 
bars and channels anchored into con- 
crete bases and strongly braced. As 
will be seen a V-shaped piece, extend- 
ing above the top of the support, car- 
ries an overhead ground wire. This 
rack or support will easily accommo- 
date nine cables of 500,000 to 1,000,000 
circ. mil section. 


Boston, Mass. H. S. KNOWLTON. 


5 
Cause of 
Trouble in Compensator Traced 
to Lost Screws 


E HAD a metal planer that was 

driven by a 20-hp. General Elec- 
tric motor with Type NR compensator. 
After the outfit had run about a year 
and a half, the starting lever developed 
the fault of dropping out of its running 
position. The electricians, of course, 
sought the trouble in the no-voltage re- 
lease and adjusted the rods. There was 
some improvement but the trouble oc- 
curred repeatedly until finally the 
planer man got in the habit of keeping 
a stick handy to prop the lever over. 

In one of these sessions, several con- 
tact shoes were renewed, after they 
were discovered with burned faces. 
Again an improvement for a time. 
Later, a more careful electrician in 
working on the relay panel came to 
the conclusion that one of the dashpot 
pistons fitted too tightly in the cylin- 
der and he eased off the surface after 
working hours. But the next day the 
planer operator was using his stick 
again. 

During a lull in planer work, the de- 
partment foreman told the planer oper- 
ator to take off the oil pan on the base 
of the compensator so that we could see 
if any of the contacts were in need of 
renewal. The contacts seemed to be 
all right. 

On his own hook, the machinist ran 
his hand through the pan of oil before 
putting it back again and fished out 
five screws of various sizes. Three of 
them proved to belong in various places 
in the compensator framework. These 
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were put in place and so doing visibly 
drew the frame into line. Following 
this simple repair, there has been no 
further trouble with the ‘“no-voltage 
release.” 

On jobs which are giving trouble con- 
tinuously, it practically always pays to 
investigate everything which may even 
remotely be the cause. Also, when trou- 
ble “seems” to come from a supposed 
cause, which cannot be located, time 
will be saved by looking for a new 
cause. DoxALD A. HAMPSON. 
Plant Superintendent, 


Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 
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Construction of 
switchboard and Framework for 
Supporting Conductors 
ECENTLY I had occasion to in- 
stall a switchboard in the engine 


room of a rolling mill and was in- 
structed to make the whole job, includ- 
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ing the method of running the 
conductors, “neat and simple.” As 
this was something new to me, I en- 
listed the aid of the mill electrician 
and the results of our combined efforts 
are shown in the drawing, which gives 
the details of the construction of the 
switchboard and the framework for 
supporting the conductors leading from 
the board. 

As will be seen we supported over- 
head on the roof trusses just outside 
the engine room a 6-in. x 6-in. timber 
about 10 ft. long, through which 
twenty-four holes were drilled. These 
holes were spaced on 4%-in. centers 
and were of the proper size to take the 
porcelain tubes used. Twelve d.c. cir- 
cuits were led to the various buildings 
about the mill. They were numbered 


from 1 to 12 and the conductors 
passed through the holes in the beam 
in numerical order, starting at one end 
as shown. 

The framework on which the con- 
ductors are supported back 
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The switchboard panels and con- 
ductors leading therefrom are 
supported on a framework made 
from pipe and channel iron. 
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switchboard consists of 2-in. pipes for 
the uprights with floor plates at each 
end. The horizontals, placed about 4 
ft. 6 in. apart are 8-in. ehannel iron 
in pairs, one in front of and one behind 
the uprights. They are held in position 
by means of %-in. U-bolts. The con- 
ductors are fastened to these channels 
by means of suitable porcelain cleats 
and 5/16-in. bolts. The odd-numbered 
circuits are led down on the front 
channels (toward the switchboard pan- 
els) and are connected to the upper 
row of terminals on the three panels. 
The even-numbered circuits are led 
down on the rear channels (away from 
the panels) and are connected to the 
lower row of terminals on the three 
panels. 

We followed out instructions to make 
the wiring “neat and simple” so well 
that connecting up the switchboard and 
various circuits presented no difficulties 
whatever. The method described here 
for running the conductors of a d.c. 
system having two wires to each cir- 
cuit can be readily adapted to a three- 
wire system. 

In the event that anyone wishes to 
install a similar switchboard and sup- 
porting framework, I would suggest 
that the framework be placed about 
18 in. behind the switchboard and that 
about a 2-ft. clearance be allowed be- 
tween the framework and the rear wall. 
This will give ample room for wiring 
and inspection, and the like. There 
should also be a fair-sized passageway 
on each end of the switchboard for 


Safety First. 


Bridgeport, Conn. D. FLIEGELMAN. 
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Tracing Trouble 
With Automatic Motor Starter 
to Vibration 


HE FACT that many difficulties 

are caused outside of the equip- 
ment itself, which shows the result of 
the trouble, was vividly impressed on 
me by my experience with an automatic 
motor starter controlling a 7%-hp. 
motor. This was connected to a flight 
conveyor of a coal-handling system and 
caused much trouble by the continual 
burning and blistering of the copper 
contacts of the first contactor. 

Naturally, the first step taken was 
to check the panel wiring against the 
print. This was found correct. Next 
the contact pressure was satisfactory, 
the voltage was normal and the amper- 
age load never ran as high as the rat- 
ing of either the motor or the starter. 
Finally, another panel of the same size 
and rating was substituted, but with 
the same results. These simple tests in- 
dicated that the trouble lay outside the 
starter. 

After studying the installation, it 
was thought that the trouble might be 
due to vibration caused by the flight 
conveyor jarring the contacts enough 
to cause them to arc and blister. The 
panel was moved and securely bolted 
to a building column which was almost 
free from vibration. This evidently 
had been the cause, as after the panel 
was put in the new location the trouble 
was entirely eliminated. 

H. E. REINGOLD. 
New Philadelphia, Ohio. 
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Some Suggestions 
For Taking Care of Induction 
Motor Slip Rings 


LIP RING gear of an induction mo- 

tor with a wound rotor is the part 
n.ust likely to give trouble and calls 
tor proper attention if reliability in 
operation is to be secured. The deteri- 
oration of insulation resistance be- 
tween the rings is a fruitful source of 
breakdowns. When current is switched 
on to a stator while the rotor is sta- 
tionary and on open circuit, the voltage 
between the slip rings is comparatively 
high. This is due to the fact that the 
stator develops a rotating field which 
revolves at a constant speed regardless 
of the rotor speed. Thus with the ro- 
tor stationary the voltage induced is 
a maximum because the relative move- 
ment between the rotor conductors and 
stator field is also a maximum. This 
relative movement becomes less, and 
likewise the voltage induced, as the 
rotor gains speed. The opportunity for 
leakage or possible breakdown is thus 
greater during the initial starting pe- 
riod. To keep the slip-ring voltage 
down at starting, motor starters and 
controllers should always be so de- 
signed that the rotor circuit is never 
interrupted. Although this reduces the 
voltage across the slip rings at start- 
ing, the voltage usually is sufficient to 
cause trouble if the insulation is defec- 
tive. 

The effective resistance of insulation 
to leakage may be greatly reduced by 
accumulations of conducting material 
on the surfaces connecting live portions 
of apparatus. In the case of slip rings, 
these accumulations consist chiefly of 
carbon dust, where carbon brushes are 
employed, and bass dust resulting 
from abrasion of the rings by hard 
brushes. The only method of treat- 
ment under such circumstances is to 
clean frequently all insulation surfaces 
between the slip rings with compressed 
air and brush with a soft brush, which 
should be small enouvh to reach and 
loosen dust in parts difficult of access. 

Probably nothing increases the pos- 
sibilities of insulation breakdowns on 
slip rings so much as accumulations of 
oil and grease, which attract dust and 
impair the surface resistance of all in- 
sulation. This trouble is always most 


effectively remedied by attacking it at 
its source and making slip-ring bear- 
ings leak proof. The alternative is fre- 
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To lighting switchboard -q 


~ No ground on these conductors- 
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quent cleaning and the application of 
oil-proof varnish at frequent intervals. 
The necessity of thoroughly cleaning 
the parts before applying the varnish 
cannot be over-emphasized. It is a 
good plan to wash the parts clean with 
benzol, or a similar solvent, before ap- 
plying the varnish. 

Slip rings of machines that operate 
intermittently and are situated in damp 
places require regular attention to pre- 
vent deterioration of the insulation. 
An occasional coat of shellac or varnish 
is usually sufficient to maintain the in- 
sulation in good condition. In all sdeh 
situations fibre insulation should be 
avoided as it readily absorbs moisture 
and may cause breakdown. Under nor- 
mal conditions of operation, the heat 
developed by the brushes and slip rings 
usually suffices to keep the insulation 
from getting damp. 

Slip rings that are totally enclosed 
are of necessity mounted on the end 
of the motor shaft. This means that 
the rotor slip-ring connection must be 
run through the shaft in order to pass 
the bearing and reach the rings. It is 
necessary to prevent accumulations of 
dirt and oil in the openings where these 
connections enter and leave the motor 
shaft. 

Frequent applications of varnish at 
such points are a good safeguard 
against the development of insulation 
troubles. To prevent abrasion of the 
conductors, small pieces of presspahn 
(the trade name on the Continent for 
fullerboard or pressboard) should be 
placed between the conductors and the 
shaft at the points where these enter 
and leave the shaft. 

. Unfortunately, and without any ap- 
parent reason, slip-ring motors are us- 
ually fitted with carbon brushes. Their 
use with direct-current machines can 
be easily understood, as the question of 
commutation is a deciding factor in 
selecting brushes. However, in the 
case of slip rings, where it is simply a 
question of collecting current, the 
higher the conductivity of the contact 
between brush and ring the better. In 
the writer’s experience, no type of 
brush is better suited to the purpose 
than one formed of a mixture of cop- 
per and graphite, similar to a well- 
known grade of Morganite brushes. An 
outstanding instance of the improve- 
ment effected by making a change from 
carbon brushes to this type of brush 
occurred with a 200-hp. motor with to- 
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tally- enclosed slip rings for use under- 
ground in a mine. Under normal con- 
ditions and with the carbon brushes 
supplied with the machine, the abrasive 
action of the brushes caused endless 
trouble due to accumulations of carbon 
and metallic dust between the slip- 
rings. Moreover, the slip-ring gear 
reached a dangerous temperature soon 
after starting up. This was due to the 
high resistance contact between the 
brushes, and rings and to the heavy 
rotor current which had to be carried. 
The temperature often was sufficient 
to melt out the solder from the brush 
connections, setting up areing and 
causing frequent stoppages. The diffi- 
culty was overcome by replacing the 
carbon brushes with a set of Morgan- 
ite copper-graphite brushes. These 
brought the working temperature down 
to an almost imperceptible increase 
above that of the surrounding atmos- 
phere. In addition, the rings soon de- 
veloped an exceedingly smooth surface 
and after two years neither the brushes 
nor rings showed appreciable signs of 
wear. Moreover, trouble from carbon 
and metallic dust entirely disappeared. 


Walton-on-Thames, 


Surrey, England. L. FoKEs. 
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Switchboard Control for 


Emergency Lighting Service for 
Industrial Works 


N A large iron works where the to- 

tal load was until recently carried 
on three 13,000-440-volt, 150-kw. trans- 
formers, with the lighting service again 
stepped down to 110 volts, many shut- 
downs were experienced because storms 
damaged or put the long cross-country 
lines from the power company’s station 
entirely out of commission. As a re- 
sult, the plant was often left with no 
power or light for an hour or more. 

By using the plant’s steam boilers 
and turbines on the air blowers, many 
a heat of iron was saved but with no 
lighting, production was seriously de- 
layed. 

The local power company has re- 
cently supplied this plant with 110-volt 
alternating current for emergency 
lighting by means of a special feeder 
from their generating station. This 
helps to keep the plant going when the 
power is off the high-tension feeders. 

As will be seen from the illustration, 
the emergency lighting feeder can, in 
emergency, be connected directly to the 
main lighting switchboard. When the 
emergency is passed, the lighting serv- 
ice can quickly be thrown back onto the 
main 440-110-volt transformers. 

Both the regular and the emergency 
supply systems are separately 
grounded, fused and metered, but they 
cannot be thrown in parallel as the 
service to the lightine switchbourd is 
controlled by a double-throw switch. 
New Britain, Conn. H. S. Rich. 


The lighting switchboard is con- 
trolled through a double-throw 
switch which allows lighting serv- 
ice to be supplied either through 
the main transformers or from a 
110-volt emergency. line from the 
local central station. 


September, 1924 451 


NDUSTRIAL ENGIN 


This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 


Mechanical Maintenance of 


Power Drives 


Revamping Countershaft Drive 
to Get Double Capacity 


CHANGE in design of a high- 

pressure, carbon-dioxide com- 
pressor cylinder for a refrigerating 
system, which the Brunswick-Kroe- 
schell Co., Chicago, III., are manufac- 
turing, requires that it be bored out of 
a solid casting instead of a cored cast- 
ing. Economical machining requires 
that much heavier cuts be taken than 
formerly. The belt, however, would not 
pull the heavy load. The six-step cone 
pulley on the countershaft and lathe 
head was changed to a three-step pul- 
ley so that a 6-in. belt could be used 
instead of a 3-in. belt. This, however, 
made possible only three changes of 
speed, without back gears, instead of 
six as formerly. By the use of a double- 
headed motor and chain sprocket of 
two different diameters on the coun- 
tershaft, it was possible to get the full 
six-speed changes desired. With this 
arrangement, the lathe could not be 
driven in reverse but as it was to be 
used for boring and turning only on 
this job, the reverse drive for thread- 
ing was not necessary. 

Link-Belt silent chain drive was 
used on this countershaft because it 
permitted the large reduction of the 
small motor sprocket without an extra 
jackshaft that would probably be nec- 
essary otherwise. This mounting is 
compact and fits in with the shop plan 
as practically all the machines in this 
plant are driven by individual motors. 
Also, the individual drive unit permits 


A change in manufacturing meth- 
ods required that more power be 
delivered to the lathe. 


The six-step cone pulleys were 
changed to three-step pulleys so that 
6-in. belt could be used instead of a 
3-in. belt A double-headed motor 
and two sizes of sprockets with 
Link-Belt silent chain gave the six 
speeds desired. A reverse drive could 
not be obtained as the chain belt 
cannot be crossed, but this was not 
necessary as the lathe was not to be 
used for threading. i 


placing the lathe at an angle with the 
other equipment in the shop and also 
independent of any other machinery, 
which would not be possible in a group 
drive. The motor is controlled by a 
start-and-stop push button conveni- 
ently mounted on the lathe head. The 
safety switch and starter are mounted 
on the nearest building column. 


— — 


Crane Bearing Trouble Reduced 
by Pressure Lubrication 


UE to vibration a great deal of 

trouble was experienced from los- 
ing the large, brass grease cups iubri- 
cating the bearings of one of the cranes 
under my care. The caps for the 
grease cups were lost repeatedly and 
could not be recovered, as they dropped 
in the ashes and cinders beneath the 
crane. This not only meant the ex- 
pense of replacement, but the crane 
suffered from lack of lubrication while 
the caps were gone. Also dirt which 
entered was detrimental to the bear- 
ings, causing unduly rapid wear. 


ing element through transmitting 
equipment to all driven machines. 


It was decided to replace all of the 
cups with Alemite fittings such as are 
used on automobiles. With these fit- 
tings there is nothing to come loose 
and hence there was no further trouble 
or expense occasioned by the loss of 
grease cups. 

After using the new system for a 
short time, several advantages that 
outweighed the original cause of the 
change, were noticed. A considerable 
saving in time was experienced by lu- 
bricating this crane with the high- 
pressure system. This was important, 
inasmuch as the crane operator is kept 
very busy with the crane operation 
and has little time to spare. I found 
that he could lubricate all of the 
bearings in 15 min. with the grease 
gun, whereas fully 30 min., and pos- 
sibly more when he had to refill the 
grease cups, were required by the old 
method. Often when screwing down 
the grease cups, the oiler would find 
one cup was empty and would not refill 
it until several others needed refilling. 
Consequently this bearing would have 
to run without lubrication until some 
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other cups needed refilling. With 
high-pressure lubrication each grease 
nipple receives its regular amount of 
grease at every greasing period. 
With the old method an open can 
of grease was carried up on the 
crane to fill the grease cups. The 
crane is in a very dirty location and in 
consequence, dirt got into the grease 
can and also into the grease cups dur- 
ing the refilling process. 

When empty the grease gun is filled 
with clean grease from a closed con- 
tainer in the shop or in the oiler’s 
shanty. Due to the nature of the hose 
connection of the grease gun and the 
special fittings there is no chance of 
dirt getting into the bearings when 
forcing in grease. The high-pressure 
gun functions best with better grades 
of greases. A good grade of grease 
will not clog or harden in the fittings, 
whereas a poor grade will. Hence a 
better grade of grease was used and 
this in turn resulted in better service 
from the bearings than would have 
been obtained from the cheaper grease. 


Chief Electrician, O. C. CaLLow. 
Trumbull Cliffs Furnace Company, 
Warren. Ohio. 


3 
Adding Pulley Makes Motor 
Do Two Jobs 


HEN an oil filter was added in 
one plant it was found that with 


an extension pulley on the shaft of a 


motor connected to an air compressor 
it would not be necessary to install a 
separate motor. The method of attach- 
ing this pulley extension to the motor 
shaft is shown in the accompanying 
sketch and photograph. When it is not 
necessary to operate the air compressor 
the tension of the drive belt is released 
by raising the idler with a lever. The 
slack belt is then rested on the motor 
bearing so that it will not rub on the 
pulley. This idler, which is behind the 
pulley in the photograph, provides the 
necessary tension on the air compressor 
belt and increases the arc of contact on 
the small pulley. A loose pulley could 
hardly be used here. 

The photograph shows a Richardson- 
Phenix Type SS oil filter (A) with a 
capacity of 4 to 8 gal. per hr., con- 
nected to a Goulds rotary oil pump (B), 
which has a by-pass or unloader valve 
of somewhat greater capacity than the 
filter. These are piped to a two-com- 
partment sump tank (C) of the turbine- 
gate operating and governor system of 
a hydro-electric plant. The piping 
passes behind the sump tank and is 
connected beneath the floor. The pump 


A small pulley at the end of the 
shaft was added so as to drive the 
oil filter with the same motor used 
on an air compressor. 


This 2-hp., three-phase, 60-cycle, 550- 
volt, 1,750-r.p.m., Robbins and Meyers 
motor is connected up with an idler 
to drive an air compressor. This 
Small pulley was added to the end 
of the shaft so that it could be used 
to drive the filter. While used on 
the filter the idler Is loosened and 
the belt of the air compressor is 
thrown up over the bearing so that 
it does not rub on the pulley. The 
operation of the pulley and filter is 
explained in the accompanying item. 
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is driven by a pulley extension on the 
end of the motor-shaft as already ex- 
plained. 

By adjusting a three-way stop cock 
(D) oil is pumped from the farther end 
of the sump tank into the filter through 
the spout (E). The oil flows by gravity 
through the filter and back to the sump 
tank through the three-way stop cock 
(F) which is adjusted to pass it but 
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The drawing shows how the extra 
pulley was added to this motor 
shaft. 


shut off the pump suction. By read- 
justing the three-way stop cocks (D) 
and (F) the oil may be pumped out of 
this end of the sump and flow by grav- 
ity into the other end. 

Also, by readjusting the two three- 
way stop cocks (D and F) one eighth 
of a turn, both suction pipes may be 
shut off. A barrel of dirty oil is placed 
near the pump, a temporary suction put 
into it and connected to the bottom of 
the four-way fitting (G) and the oil is 
pumped from the barrel to half fill the 
filter. The temporary suction is shut 
off, stop cock (D) readjusted and the 
oil circulated through the filter until 
clean. Then a three-way stop cock 
(H) is turned shutting off the spout 
(E) and opening a spout (1) to dis- 
charge into a clean barrel until the 
filter is empty. This equipment is fil- 
tering the sump tank contents continu- 
ually and may be used for treating 
other collected oil as described. 

W. A. PLANT. 
Smooth Rock Falls, Ontario, Can. 


How Careless Assembly Caused 
Trouble with Chain Drive 


HAT the real cause of an operat- 
ing trouble does not always lie 
where it appears to be is well shown 
by the following experience with a 
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chain drive. A 7%-hp. motor drove a 
mixing machine through a Morse chain 
3 in. wide with about 3 ft. centers. This 
drive superseded a belt and was very 
satisfactory. An engineer, in going 
over plant details, noticed what ap- 
peared to be a click or jump to the 
chain at the small sprocket on the 
motor on about every tenth revolution 
of the motor. In moving the chain over 
the sprockets by hand this was not no- 
ticeable but when the motor was oper- 
ating at 1,120 r.p.m. it constituted what 
a particular man would call a defective 
installation, but one which would easily 
pass in everyday operation. 

The engineer suspected that the click 
was at the joint where the chain ends 
had been joined, but a close examina- 
tion did not reveal any joint that could 
be picked out as the shop-made one. 
However, the man who had put on the 
chain quickly picked out the joint by 
some scratches that he had made. 
Questioned, he remembered distinctly, 
he said, putting in both of the pins that 
form the rocker connection and the 
neatness of his finished work made it 
seem that he must be right. 

An examination of the working side 
of the teeth did not show anything; so 
the engineer passed on, but he felt cer- 
tain that there must be something 
wrong inside those links. Later in the 
day, in going by the spot and seeing 
the machine idle. he took the opportu- 
nity afforded by the afternoon sunlight 
thrown on the chain to again examine 
the inside. He was rewarded by find- 
ing a brightened spot on the back of 
one chain tooth at the joint on the side 
of the tooth which did not carry the 
drive! 

When the joint was unriveted it was 
found that only half of the split pin 
had been put in. Evidently, in assem- 
bling the chain the machinist had put 
in the stationary part first and had 
pushed it out unnoticed when he shoved 
in the rocker member. The space thus 
left had permitted the link ends a slight 
amount of slack and the back side had 
rubbed on the sprocket teeth each 
time it came around, eausing the jump 
and clicking sound. With both halves 
of the pin in position, the chain ran 
quietly. Donatp A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 


Wrench for Gripping Round- 
End Stud Pins 


HEN putting in round-end stud 

pins or screwed dowels the usual 
practice is to leave an extension on 
these pins for turning them with a pipe 
wrench, or flat sides if other wrenches 
are used. After the pins have been 
inserted the projecting portion is sawed 
or broken off, a tool score being made 
at the place where it is to be cut. 

The wrench shown in the accom- 
panying illustration was devised to 
overcome the need for the extra length 
and also as a means of removal, as 1s 
frequently necessary, without destroy- 
ing the usefulness of the pin. 

The tool is easily made up, is con- 
venient to use, and because of the 
shape, can be used on the ratchet 
wrench principle. The gripping jaw of 
the tool is made of forged steel. A hole 
is drilled for the stud pin and the 
piece is split and drilled for the two 
drive-fit handle pins. 

The handle is made from steel plate 
bent to form a convenient grip, drilled 


6 ot is eco. o v pivot hole 

The round end of the wrench is 
slipped over the stud which is to 
be removed. A clockwise pull on 
the handle will tighten the jaws 
around the stud, to turn it. 
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for the pivot pin and slotted with an 
eccentric slot for the clamping pin. 
As will be obvious from the sketch, 
the wrench pressure is obtained by a 
direct pull on the handle; increasing 
the pull increases the grip. The 
smooth gripping jaws, while capable 
of a heavy grip due to the pin position 
and the eccentric slot, will not mar 
the smooth surface of the pin. 
Washington, D C. G. A. LuERS. 


— 
Easy Method of Removing Sleeve 
Bearings From Motors 


HE accompanying diagram ex- 
plains an easy and efficient method 
of removing bearing sleeves from mo- 
tor housings, especially on motors 


The bearing sleeve is pressed out 
of the housing by means of four 
square iron strips which are bent 
at each end and forced against the 
sleeve by tightening the nut on the 
long bolt. 


li x4 Flat iron, a 
bent U-shape 
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where the outer end of the housing is 
just large enough for the shaft. These 
bearings are almost the same size as 
the sleeve, which does not permit using 
a hammer to drive the sleeve out. 

The device shown consists of three 
or four hooks made of square iron or 
steel bent at both ends, as shown in 
(A) of the illustration. These are 
slipped into the sleeve after the shaft 
is removed and are held against the 
inside of the sleeve by a piece of pipe, 
as shown. A bolt with a long thread 
is then passed through the sleeve and 
a washer put against the end of the 
pipe. The other end of the bolt passes 


through a piece of flat iron which is 


bent in a U-shape and rests against 
the inner end of the housing. A nut is 
screwed onto the bolt and when the nut 
is tightened the sleeve is forced out. 
This device may be used for any 
diameter of sleeve bearings by employ- 
ing different sizes of pipe and washers. 
Temiskaming, Que., Can. J. H. SAUVE. 
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Method of Applying Varnish 


to Laminations 


N THE construction of armature 

cores and other electrical apparatus 
with a laminated metallic structure 
which is subjected to repeated revers- 
als of magnetic flux, it is necessary to 
insulate the laminations from each 
other. If the laminations are not so 
separated by insulation, the eddy cur- 
rent power loss is practically as large 
as in a solid iron body. 

The most effective and simplest way 
of insulating the discs from each other 
is to coat each with a thin film of var- 
nish. This film is about 0.002 in. or 
0.003 in. thick and the varnish used is 
known as core-plate varnish. There are 
several varieties of this varnish on the 
market, each with qualities which suit 
it for particular uses. For motor arma- 
tures, the qualities to be desired are 
high heat endurance without oozing or 
flaking, and ease of application at the 
proper body to give the correct film 
thickness. The varnish must thin 
easily so that the shop will have no dif- 
ficulty in getting it to the right consist- 
ency for use in the machine. And when 
at that consistency the varnish must 
be evenly applied so that the film will 
be uniform in thickness. 


— 
EEC GAEE eee 
Ld 


Section B-B 


A 


į "Sq. iron or steel, 
bent at each end 


454 


Some core-plate varnishes contain an 
insulating pigment, and some do not. 
This matter is, however, of secondary 
importance, as the potentials to be in- 
sulated are of a very low order. 

Varnish is best applied to the discs by 
a machine built for the purpose and 
consisting of a pair of printers’ rolls. 
Application with a brush or spray is 
tedious, and dipping is unsatisfactory 
because too much varnish is applied 
and it is too heavy at the edges. 

It is occasionally necessary or desir- 
able to insulate laminations in the re- 
pair shop and for such work a machine 
which uses metal rolls and was made 


in an Eastern plant could be used to 


advantage. 

This machine was made from an old 
tinners’ roll, consisting of two steel 
rollers 3% in. in diameter and 18 in. 
wide, with adjustable spring tension on 
the upper roll. A slot % in. wide and 
1 in. deep was cut near each end of each 
roller to keep the varnish from working 
over into the bearings. A galvanized 
iron trough was easily attached to the 
framework of the machine, so that the 
slots permitted the lower roller to dip 
into the varnish about an inch. 

An air-drying, core-plate varnish, 
made by Sherwin-Williams Co., is used 
and the discs are passed through the 
rolls before punching any holes or slots. 
They dry almost immediately, and the 
job is very satisfactory in every way. 
The machine is used for applying core- 
plate varnish to the laminations of 
small transformers, magnet cores, ar- 
mature and core discs. 

J. M. WALSH. 


Honesdale, Pa. 
— 


Construction of Low-Voltage 
Transformer for Testing 


HEAVY electric current will 

often be found very useful around 
an electrical repair shop for testing 
series coils, blowing out grounds and 
for many other purposes. The accom- 
panying illustrations show the general 
design and construction of a small 
transformer which was built for use in 
our shop and has been found to be very 
serviceable. The cost was small and 
this transformer will deliver from 500 
to 1,000 amp., at low voltage when op- 
erated on a 220-volt primary supply. 

As shown in Fig. 1 (A) the lamina- 
tions are 10% in. long and 8% in. wide 
with slots for the winding. The lami- 
nations are stacked 5 in. high. 

The primary winding consists of 448 
turns of No. 15 s.c.e. wire with a tap 
brought out at each 112 turns. This 
winding was wound on a simple wooden 


Fig. 2—Complete transformer after 
assembly. 


The primary winding has 448 turns of 
No. 15 s.c.e. wire with a tap brought 
out at each 112 turns. The secondary 
winding consists of four strips of 20-mil 
copper each of which is wound around 
the primary a different number of 
turns. Short pieces of busbar copper 
were sweated to the strips to serve as 
terminals. By connecting the test 
leads to the different terminals, a 
comparatively wide range of voltage 
gan be obtained, as shown in the table 
elow. 


Secondary Voltages 
Obtained on 220-Volt Primary 


CONNECTIONS SECONDARY 


Primary | Seconpary| VOLTAGE* 


A to B 
A to C 
A to D 
A to E 


L to M 


A to B 
A to C 
A to D 
A to E 


AtoB 6 
A to C 3 
A to D L to O 2 

1 


A to E * 


If 110 volts are used on the primar 
divide the secondary voltage by 2. 


Fig. I— Dimensions of laminated 
core of transformer, A, and ratio 
of turns in primary and secondary 
windings, B. 


A B C D E 


Wa 


Vol.82, No.9 


form, then taped, dipped in insulating 
varnish and baked. 

The secondary winding consists of 
three turns of laminated copper wound 
around the primary coil by hand and 
tapped at every turn. A short piece 
of K in. by 2-in. bus copper was used 
as a terminal. To the end of this, four 
strips of 20-mil copper 3% in. wide 
were securely sweated and one com- 
plete turn was made around the pri- 
mary coil. Then another piece of 
-in. by 2-in. bus copper was soldered 
on and one of the 20-mil sheets cut off. 
The three sheets remaining were car- 
ried around for the second time using 
o-in. fibre as insulation and sweated 
to a third piece of bus copper. Then 
another sheet was cut off leaving two 
sheets to go around for the third time. 
The ends were then soldered to a fourth 
piece of copper for the end of the 
winding. The ratio of the turns in the 
winding is shown in Fig. 1 (B). Inas- 
much as both primary and secondary 
windings of the transformer are 
tapped, a number of voltages are avail- 
able as shown in the table. If still 
lower voltages are desired, 110 volts 
may be used on the primary and the 
table voltages halved. 

The whole winding was then stacked 
into the iron, suitable insulation being 
provided and arrangements made for 
tapping off flexible leads. The lamina- 
tions are firmly held together by 
clamping them between short pieces of 
light angle iron placed at the end. The 
complete transformer, shown in Fig. 2, 
is rather heavy and may be mounted on 
a small truck or dolly in order that it 
may be moved easily about the shop. 

Using leads (L) and (O) on the sec- 
ondary, the copper will carry 500 amp. 
If (L) and (M) are used, 750 amp. can 
be obtained, and with (L) and (N) 
1,000 amp. These are, of course, inter- 
mittent ratings. 


Detroit, Mich. H. B. WILLMOTT. 
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Simple Tool for Starting Screws 
in Inaccessible Places 


HERE a small screw or bolt is 
to be started, especially in an 
out-of-the-way place, it is often diffi- 
cult to manage the screw, one’s fingers 
and a screwdriver at the same time. 
A simple tool which will save much 
time and trouble and be a boon compan- 
ion for many repair men can be made 
from a piece of No. 10 iron wire cut to 
any desired length, one end of which is 
made fast in a suitable handle, the 


other end being slotted with a hack- 


saw. Two short pieces of clock spring 
should be inserted in this slot. After 
the springs have been shaped to fit the 
shaft and bent so that the outer ends 
are separated, the jaws of the slot 
should be mashed down on them and 
then soldered to hold them in place. 
This tool can, of course, be made in 
several sizes for different work. 

In operation, the springs are pinched 
together and inserted in the slot of the 
screw or bolt. The springs will hold 
the latter until it can be started; the 
screwdriver may then be used to 
tighten it if necessary. 

Goldfield, Nev. PHIL D. COMER. 
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Increasing Arc of 
Contact of Belts 


(Continued from page 422) 


heavy-duty compressors installed by 
one company in a number of its 
branches in various cities. Here the 
drive is used as a friction starting 
and cut-off coupling. In this case 
instead of installing slip-ring motors 
to provide for the heavy starting 
duty, four squirrel-cage motors with 
their higher efficiency, lower cost, 
and greater ruggedness of design are 
used. Before starting the compres- 


sors, the pulley of the idler is dis- 


engaged from the belt by lifting 
the counterweight. The squirrel-cage 
motor attains full speed in about 15 
seconds and the counterweight is 
then lowered slowly, which causes 
the belt to pick up the load gradually. 
While starting, the belt does not re- 
main long enough in contact with 
the rapidly moving pulley to become 
burned or even unduly worn before 
the counterweight is applied and the 
load picked up. 

Many of this type of belt-wrap- 
ping drives are installed in paper 
mills where the big problem is to 
start heavy machines under load 


Another interesting drive where 
two machines are driven from one 
motor. | 


This illustration shows fourteen 
paper beaters driven by seven 100 
hp. double-headed motors. In driving 
two machines it is not possible to 
adjust the motor so as to take care 
of uneven stretch or tension in the 
two belts. The special drives, one 
of which ts shown in the insert, take 
care of it. In some cases, vertical 
drives with the motors on the floor 
below are preferred on beater. instal- 
lations, as is shown in the line dia- 
grams at the top of the page. 
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DOUBLE LEATHER 
BELT SO 


ORIVING PULLEY 
SEPIA JONE 


LINESHAFT OR 


COUNTER 
WEIGHT 


BASEMENT 
FLOOR 


This shows how the drive is used 
as a method of control. 


Here a paper mill beater is driven by 
a lineshaft direct connected by a 
coupling to a motor located on the 
floor below. The beater is controlled 
when engaging or disengaging by 
the belt wrapper as shown, without 
stopping the motor. Ordinarily ver- 
tical drives are not feasible because 
of the likelihood of the belt bal ered 
from the lower pulley because of its 
own weight. When this type of drive 
is engaged, sufficient tension can al- 
ways be maintained on the belt to 
prevent slipping. This is also true 
if the small driving pulley is placed 
above instead of below. 


without using an extra-large or 
heavy-duty motor. 
connecting more than one machine 
to each motor, by first starting the 
motor and then cutting the machines 
in one at a time. 
It is claimed that a drive of this 
special belt-wrapping type eliminates 
about 75 per cent of non-productive 


This is met by 


OISE NGAGEO 


tension which would be necessary in 
many of the open drives with small 
arcs of contact. This type of drive 
may be used on the tight side of the 
belt if necessary, but it is preferable 
to place it on the slack side when- 
ever possible. Also while it may be 
used on quarter-turn belts, a belt- 
wrapping drive cannot be used on 
crossed belts. 

One point to be considered in all 
cases is that the type and position of 
any mechanical or other devices in 
power transmission service must 
be suited to the operating conditions, 
to insure satisfactory results. 


[Norz: Special acknowledgment is 
given to Benjamin F. Clark, an engi- 
neer associated with F. L. Smidth 
and Company, 50 Church Street, New 
York City, for supplying information, 
protographs and sketches which were 
used in the preparation of this article.] 
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Trends in Steel Mill 


Operation 
(Continued from page 416) 
repairs. (2) Considerably less com- 
mutator wear. (3) Reduction of 
band breakage. (4) Less pinion 
maintenance. (5) Reduced expense 
for inspection and lubrication. (6) 
Less delay time charged against the 

operating department. 

A number of the motor builders 
are equipping or will, on special or- 
der, equip motors with ball or roller 
bearings. Also, a great deal of at- 
tention is being paid to standardiz- 
ing the sizes of ball and roller bear- 
ings for use on steel-mill motors so 
that all makes of bearings will be 
interchangeable. 

On the other hand, there are those 
who say that some attempt should 
be made to improve the sleeve bear- 
ing before it is discarded for the 
ball or roller bearing. The main 
fault of the sleeve bearing has been 
oil trouble; that is, oil leakage with 
consequent short bearing life and 
winding troubles. One motor manu- 
facturer reports improvements to the 
bearings used in its motors that ren- 
der them leakproof. This being the 
case, the sleeve bearing cannot be 
said to be entirely out of the run- 
ning, for it has many inherent ad- 
vantages that appeal to operating 
men. 

Considerable interest is being 
shown in the use of high-pressure 
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lubrication. So far, this has been 
principally used on cranes, although 
there is no reason why it could not 
be applied elsewhere in the steel mill. 
The advantages causing this trend 
towards the use of high-pressure 
lubrication are said to be: (1) Keeps 
dirt out of grease cups and bearings. 
(2) Stops oil splashing. (3) Results 
in more uniform lubrication and 
fewer dry bearings. (4) Hence, it 
gives a longer bearing life. 

At one plant high-pressure lubri- 
cation was put on a crane because 
the crane vibrated so much that it 
would shake off the caps to the 
grease cups; that is, they would un- 
screw due to vibration, and fall off. 
Then, too, the crane was in a very 
dirty location and each time grease 
cups were filled, more or less dirt got 
into the cups which would eventually 
work into the bearings. The high- 
pressure grease nipples installed did 
not shake off and, of course, the use 
of the grease gun prevented dirt 
from getting into the bearings. 

An increased use of arc welding is 
now found in steel mills. Plants 
which have experimented with weld- 


Reversing skelp-mill drive installed 
at the plant of the Youngstown 
Sheet & Tube Company, Youngs- 
town, Ohio. 


The upper illustration shows the 4,000- 
hp., 80/135-r.p.m., motor driving the 
main rolls. In the lower illustration is 
shown the flywheel motor-generator set. 
At each end of the set is an 1,800-kw., 
650-volt, direct-current generator. In the 
center is a 39-ton flywheel and a 2,500- 
hp., 6,600-volt induction motor. 
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ing equipment have added more, and 
other plants have begun to use it. 
In the majority of the large plants, 
however, it is firmly established and 
from all reports is creating large 
Savings in time and money. One 
small plant not yet using are welding 
reports the use of $31,000 worth of 
gas a year for oxy-acetylene welding. 
Where gas is used in such quantities, 
the possibilities of arc welding in 
the steel industry become apparent. 
Two plants report savings of $400 
on one job alone, over the cost of the 
repair methods previously used as 
compared with arc welding. 

More and more interest is being 
shown in the type of welding elec- 
trode used. Various kinds of coated 
rods are being employed. A tapered 
welding rod has appeared on the 
market, the idea being that as the 
work heats up, the size of the rod 
becomes smaller as used. 


SHEET-MILL ROLL HEATERS AND 
MAGNETIC ROLLERS 


Increased use of electric roll heat- 
ers for preheating sheet mill rolls is 
reported. It is stated that this 
method of preheating rolls increases 
output and reduces roll breakage. 

Recent installations have been 
made of magnetic rollers on roll 
tables, and an illustration of one in- 
stallation is shown on page 415. The 
magnetic roller utilizes the tractive 
forces of the electro-magnet to in- 
crease the co-efficient of friction be- 
tween the surface of the roller and 
the piece being conveyed. It is said 
that when using magnetic rollers the 
number and diameter of the rollers 
for a given length of table can be 
reduced, thereby requiring less driv- 
ing power and consequently a smaller 
motor. 


ELECTRIC PRECIPITATION OF DUST 
IN BLAST-FURNACE GAS 


An outstanding trend is the use 
of electric precipitators for the pre- 
cipitation of the dust in blast-fur— 
nace gas. With the installation that 
has been completed during the past 
year at Pueblo for the Colorado Fuel 
and Iron Company, there are now 
three installations operating in the 
United States. There are several in- 
stallations in Europe. Precipitators 
are now being built on a standard- 
ized plan. whereby several small 
units take the place of a few large 
ones. These units are fabricated in 
the shop and erected there ready to 
be set up without considerable field 


erection. The installations that have 
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been made are reported to be operat- 
ing successfully. Considerable inter- 
est is being shown by a number of 
the steel plants. 

The advantages claimed for the 
electric - precipitation process are: 
(1) It saves the heat content in the 
gas, for the gas is not cooled by this 
method of removing the dust. (2) 
There is no water to pump, which 
Saves power and maintenance ex- 
pense. (3) The gas pipes never re- 
quire cleaning as is the case in some 
other methods of dust removal. (4) 
The dust precipitated has a value— 
in some localities it may pay the 
cost of operation of the precipita- 
tor. (5) Results in improved boiler 
efficiency and consequently gives 
more power from the same amount 
of gas and cuts down the amount of 
coal that must be burned to supply 
the power required in addition to 
that furnished by the blast-furnace 
gas. 


SAFETY PRACTICES ARE BECOMING 
STANDARDIZED 


Steel mills are much in advance 
of other industries with regard to 
safety work. Their safety work is 
getting to the point where it is more 
or less standardized. When buying 
new equipment special! attention, 
however, is paid to its design so that 
it is inherently safe. <A safety de- 
vice that is added to a machine and 
retards production is no longer 
looked upon as being a true safety 
device. 

Many plants, particularly those 
that were built prior to the time that 
safety work reached its present 
development, are actively engaged in 
making their mills safer. Electrical 
apparatus is either being enclosed 
or surrounded with safeguards, the 
general idea being to make it im- 
possible for the mill workers to touch 
a live part. Particular attention is 
being paid to cranes in the older 
works; dependable limit stops and 
safer enclosed-type controllers are 
being added. Stairways are used 
wherever possible, to the exclusion 
of ladders. 

In many plants special attention 
is being paid to the proper ground- 
ing of electrical apparatus. Switch- 
boxes, cutouts, safety switches and 
conduit systems are carefully 
grounded, the general trend being to 
ground everything electrical that the 
workman can come in contact with. 
Included in this are portable tools, 
such as portable drills, portable elec- 
tric winches, extension lights, etc. 
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One plant is grounding the cases of 
such tools, using a three-wire cable 
and polarized plugs, the third wire 
being the ground wire which is sol- 
idly grounded through one terminal 
of the polarized plug. 

More attention is also being paid 
to the matter of the repairman lock- 
ing a machine so that it cannot be 
started while under repair. One 
plant is installing a safety switch 
beside each of the auxiliary motors 
on the mill floor, the idea being that 
the repairman working on a particu- 
lar motor or the apparatus that it 
drives, will make no mistake in se- 
lecting the switch to open and thus 
kill all circuits right at the motor. 
He can lock this switch open with 
his own padlock. 

During the recent slump in the 
steel industry, many plants instead 
of laying off their entire force and 
locking up the gates are taking ad- 
vantage of the lull in operations to 
make extensive repairs to their 
equipment and men who might other- 
wise be forced into idleness are kept 
at work in this way. Other plants 
are making extensions or replace- 
ments. T 

It is becoming the policy of more 
and more companies to keep their 
plants abreast with new develop- 
ments, so as to meet competition at 
all times. In pursuit of this policy, 
some works are not sparing expense 
to keep their equipment ready and 
fit for profitable operation when the 
predicted period of business revival 
will call for production at an in- 
creased rate. 

Epitor’s Note: Special acknowledge- 
ment is made to The Iron Age for the 
illustrations on pages 408 and 415 and 
also to the Allis-Chalmers Manufactur- 
ing Company, the General Electric 
Company and the Westinghouse Elec- 
tric and Manufacturing Company for 


data and illustrations used in this 
article. 


Changing a Steel 
Mill Drive 


(Continued from page 427) 

The principal reason for this is 
that the coefficient of friction, be- 
tween the shaft and bearing metal, 
varies inversely as the pressure, con- 
sequently within certain limits the 
coefficient of friction increases as the 
weight on the bearings is decreased. 
A considerable portion of the babbitt 
should have been removed from the 
bearings. This has not been done 
as yet. This was the last important 
change made. 
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Some problems of lesser import- 
ance presented themselves during 
this time. The mill-motor armature 
coils were connected to the commu- 
tator bars by copper risers, about 
12 in. long and 34 in. wide. Some 
of the risers broke off directly above 
the commutator bars. An acetylene 
torch with a special tip was used to 
provide a very thin hot flame, the 
broken risers were removed, and 
new ones inserted, without remov- 
ing either coils or bars. A second 
row of twine lashing was then put 
on, to prevent the vibration of the 
risers at this point. 

The mills are not reversed, except 
to run the gears reversed to increase 
their life. Some complaint was made 
about the creeping of the motors be- 
tween operations. This creeping is 
due to the residual magnetism in the 
generator and motor fields, which 
provides sufficient torque and cur- 
rent to cause the motor to creep. In 
most cases the creeping is a benefit, 
as it allows a better distribution of 
cooling water on the rolls, but some- 
times it is necessary, for safety rea- 
sons, to stop the mill entirely. This 
is done by the remote-controlled cir- 
cuit breakers, purchased with the 
new equipment, and shown in Fig. 4. 
A contact in the master controller 
prevents the closing of the breaker 
when the voltage is built up on the 
main generator. 

The equipment as now arranged 
gives good service, with a minimum 
of trouble, and its flexibility is con- 
siderably greater than two large mo- 
tors would be. When the trouble oc- 
curred with the generator coil re- 
ferred to one of the motor-generator 
sets driving the combination on the 
roughing mill, was put out of com- 
mission for nearly a week while the 
generator armature was being re- 
paired. The cables were connected 
so as to run the two motors on the 
roughing mill from one generator, 
and a resistance equal to that of the 
shunt field of the disabled generator 
was connected in the field circuit 
of the good generator. No other 
changes in control were necessary. 
The mill was run as usual, except 
at exactly half speed. The torque, 
much to the surprise of the mill 
crew, was as great as before, and as 
the time of rolling on the roughing 
mill is not the limiting factor in pro- 
duction, very little, if any, decrease 
in production resulted. 

In case of trouble in any mill mo- 
tor armature, it would still be pos- 
sible to run both mills, as the three 
armatures are electrical duplicates. 
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The cost of the present installation 
was less than two large motors 
would be, especially if it had been 
necessary to change the foundations. 

It is interesting to speculate upon 
the experience we would have had 
with a steam engine drive. 


Laying Out Wave 
Windings 
(Continued from page 435) 


left-hand winding and a similar 
distance to the right for a right- 
hand winding. 

Since, in Fig. 17 Ri connects to a 
conductor in the bottom of slot 19, 
then according to Rule 8, R: will lay 
in the bottom of a slot one front 
pitch to the left of R. Counting 
a distance equal to one pole pitch or 
six slots, we arrive at slot 13. There- 
fore, the R: lead should lay in the 
bottom of slot 13. Inspection of 
Fig. 17 will show this to be the case. 

Rule 9.—The 4: lead will be lo- 
cated in a slot that is one front pitch 
from A: measured in a counter- 
clockwise direction for a left-hand 
winding, and a similar distance 
measured in a clockwise direction 
for a right-hand winding. 

Since this is a left-hand winding, 
we will count counter-clockwise a 
distance equal to six slots from slot 
3 and we arrive at slot 21. There- 
fore, A: is connected to a conductor 
located in slot 21. Inspection of 
Fig. 17 bears this out. 

Rule 10.—I£ A: connects to a top 
conductor, then A: will connect to a 
top conductor, or vice versa. 

Inspection of Fig. 17 shows that 
both A: and A: connect to top con- 
ductors. 

There are four possible locations 
for the beginning of the second 
phase. They are slots 6, 12, 18, and 
24. With the above rules in mind, we 
will try each different location so as 
to secure the best position. We will 
first try slot 6. The end of the first 
section which in the other phase was 
called R: we will call R: in this 
phase. According to Rule 7, Rs will 
be 6 +3 — 1 = 8 slots measured in a 
counter-clockwise direction from B.. 
Counting in a counter-clockwise di- 
rection from slot 6, we arrive at slot 
22, which is the location of R.. Ac- 
cording to this same rule since B: 
(corresponding to A: for the other 
phase) connects to a top conductor, 
R: will connect to a bottom conduc- 
tor. The start of the second sec- 
tion of the phase which corresponds 
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to R: of the same point in the first 
phase, will be called R. According 
to Rule 8 and since R, connects to a 
bottom conductor, R. will connect to 
a bottom conductor. According to 
the same rule R. will be located one 
front pitch measured in a counter- 
clockwise direction from Rs. Since 
R: is located in slot 22, we wiii count 
six slots in a counter-clockwise di- 
rection and arrive at slot 16 which is 
the location of R.. 

Similarly, according to Rule 9, the 
B: lead will be located in slot 24, that 
is, a distance of six slots or one full 
pitch measured in a counter-clock- 
wise direction from slot 6, which is 
the location of the Bi lead. 

Examination of the location of the 
Bi, Rs, R. and B: leads will show that 
they are interlaced with and crossed 
with the A phase leads. A similar 
check will show that if the Bi lead 
were located in, slot 24, we would still 
have the same interlacing. However, 
by further checking we find that if 
we use slot 18 for the Bi lead, we will 
do away with this interlacing. Using 
slot 12 for the Bi lead would inter- 
lace the R. and R: leads with the 4. 
and Ri leads. Consequently, the best 
location from the interference stand- 
point is to start the B phase in the 
top of slot 18. On the other hand, if 
this were a large machine and if 
heavy conductors were used, it might 
be better to select the start of each 
phase in a manner that would bring 
the A., A:, Bı and B: leads close to- 
gether and to the point where they 
leave the machine. 

Fig. 18 shows the first series of 
coils in the first section of the B 
phase drawn in. Starting B: in the 
top of slot 18, we find that B: will be 
in the top of slot 12, Rs will lay in 
the bottom of slot 10 and R. will fall 
in the bottom of slot 4. These con- 
clusions are arrived at in a manner 
similar to that outlined in Rules 6 to 
10 inclusive. 

Fig 19 shows the first section of 
the B phase completed. Fig. 20 
shows the winding complete. The 
asterisks show the location of the 
short front pitch coils. Figs. 11 to 20 
explain and illustrate the application 
of the rules for constructing a wave- 
winding diagram for two-phase sta- 
tors having two-layer windings. 

Figs. 21 and 22 show how a wave 
winding would be laid out for a four- 
pole, single-phase motor having six- 
teen slots and sixteen coils. 

In a succeeding article will be ex- 
plained the construction and rules as 
applied to a three-phase winding of 
this type. 
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Maintenance and 
Repairs 
(Continued from page 487) 


article, is wisely fostered and the 
difference between it and Repairs 
is made clearer than has been the 
case in the past, undoubtedly there 
will be greater efficiency all around 
which will manifest itself in the one 
way that really counts—increased 
production at reduced costs. 

Efficient maintenance requires 
constant watchfulness and alertness, 
the closest attention to everything 
that is taking place in the plant, and 
a staff of loyal and efficient foremen 
who can be imbued with the right 
ideas on this all-important question 
only if supported by an enthusiastic 
chief and the confidence of the man- 
agement—and most managements 
are enthusiastic on the subject. 


Pacific Coast Lum- 
ber Industry 


(Continued from page 407) 


day. The kilowatt-hour consumption 
will vary from 10 to 20 kw.-hr. per 
thousand board feet, depending upon 
the character of the timber, and will 
average about 15 kw.-hr. 

Saw mills and lumber products 
plants are also electrified to a large 
extent. The high speed of wood- 
working tools and the dust consti- 
tute the main problems in wood- 
working plants. These conditions 
have led to the use of ball-bearing 
motors and, with many finishing ma- 
chines, multi-motoring with separate 
motors, all controlled as a unit, driv- 
ing each tool. According to the 1921 
figures compiled by the Statistical 
Department of the McGraw-Hill Co., 
the woodworking plants consumed 
810,000,000 kw.-hr. of electrical en- 
ergy. There are about 69,000 mo- 
tors in this industry rated at 785,963 
hp. Of these motors 25,400 are rated 
as under 5 hp. Of the total number 
of motors it was estimated at that 
time that 50,449 are operating belt 
drives, 2,678 chain drives and 15,830 
are direct connected. 

The total value of lumber and 
lumber products produced in the 
United States, according to the 1921 
Census, was about $900,000,000. The 
total value of the products of the 
woodworking industry was almost 
$2,430,000,000, which indicates the 
large increase in value through 
manufacture. 


Carr Fastener Company, 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


The Paine Company, 2951 Carroll Ave- 


nue, Chicago, Il.—A loose-leaf cata- 
log lists and illustrates the Paine 
toggie bolts, expansion shells for 
bolting to floors, walls or ceiling by 
an expanding nut, outlet box and fix- 
ture hangers, star drills, perforated 
strap-iron hangers, hanger rings, 
screws, nuts and bolts, sprinkler-pipe 
hangers and ceiling Poe malleable 
pipe rings and turned eye U-hangers. 
ome of these applications are illus- 
trated. This company also manufac- 
tures and markets a special tapping 
machine with a capacity up to 20,000 
irregular shaped nuts a day. 


Janette Manufacturing Company, 556- 


558 West Monroe Street, Chicago, Ill. 
Bulletin on “Special Small Motors” 
illustrates a wide variety of designs 
of direct- and alternating-current 
motors of % to % hp. rating and 
shows some of their many applica- 
tions, including their use on adding 
and addressing machines, oil burners, 
textile machinery, liquid-mixing 
equipment and so on. These motors 
are all designed and built for a par- 
ticular service or with special refer- 
ence to the equipment they are to 
drive. Particular attention is called 
to a new type of self-aligning sleeve 
bearing which allows slight bending 
of shaft under load. 


31 Ames 
Street, Pepa moni E, Cambridge, 
Mass.—A booklet entitled, Better 
Lubrication for All Machinery,” de- 
scribes the operation and advantages 
of the Dot high-pressure lubricator, 
its attachments, applications and a 
large list ofusers. 


Mica Insulator Company, 68 Church 
Street, New York, N. Y.—A booklet 
entitled, Commutator Insulation and 
Assembly,” discusses the type and 
hardness of different kinds of mica, 
commutator segment insulation and 
“Micanite” which is a built-up mica 
sheet. A number of other pages dis- 
cuss the application of Micanite“ 
and some of the commutator troubles 
which are often attributed to mica. 


Allan Manufacturing and Welding 
Company, Inc., 726 Washington 
Street, Buffalo, N. Y.—Announce- 
ment is made of a 120- or 220-cycle 
welding generator suitable for any 
power installation. This is brought 
out as the result of the experience of 
this company in which they claim 
that in many welding undertakings 
alternating current gives better re- 
sults with cast and malleable-iron 
and good results with steel and iron. 
The generator may be driven by 
either belt, alternating or direct cur- 
rent motors or gasoline engines and 
is built in any desired capacity. 

Cote Bros. Manufacturing Corporation, 
1425 First National Bank Building, 
Chicago, Ill.—A folder describes the 
“Simplicity” refillable plug type fuse 
which consists of only two parts, and 
a small refilling fuse. 


Dodge Manufacturing Corporation, 
Mishawaka, Ind. — Literature an- 
nounces a new lineshaft hanger bear- 
ing embodying the Timken tapered 
roller bearing as well as several new 
features of construction. There are 
only five parts, including two Tim- 
ken tapered roller bearings, to the 
complete assembly, and they may be 
used on any commercial shafting. 
Special lubricating and dust-proofing 
features are embodied in the design. 


General Electric Company, Schenec- 
tady, N. Y.—New index lists of G-E 
publications are listed in the follow- 
ing booklets: Y-1,991—“Index to 
Descriptive Publications;” Y-1,992— 
“Index to Supply Parts Bulletins;” 
Y-1,993—“Index to Instruction Books 
and Cards.” 


Charles Bond Company, 617-619 Arch 
Street, Philadelphia, Pa.— Booklet 
G illustrates and lists the popular 
Bond transmission specialties, such 
as steel and cast-iron hangers, pillow 
blocks, solid and split safety collars 
and compression and clamp coup- 
lings. 

The Thompson Electric Company, 226 
St. Clair Avenue, N. E., Cleveland, 
Ohio—A folder entitled, “Why Not 


Get the Benefit of the Light You . 


Pay For?” shows the advantages of 
the Thompson safety disconnecting 
hangers and how they enable users 
to get full value from lighting be- 
cause they make cleaning easier. 


A. Leschen and Sons Rope Company, 
St. Louis, Mo.—A booklet entitled 
“Practical Information on the Use 
and Care of Wire 1 re shows how 
wire rope is spliced, lubricated, how 
to apply clips and sockets, how to 
determine stresses and facts about 
ordering. 


Despatch Manufacturing Company, 
Minneapolis, Minn.—A special bulle- 
tin describes a portable coil and ar- 
mature baking oven which is designed 
to overcome the necessity of heating 
a large oven for a small amount of 
baking. The ventilating system pre- 
heats the cold air as it enters the 
bottom of the oven. Air drying and 
rotation of coil are recommended be- 
fore inserting in the oven. 


Bussman Manufacturing Company, 
3819 North Twenty-Third Street, St. 
Louis, Mo.—Catalog 12 of Buss prod- 
ucts includes a simple non-technical 
treatise on fuses and their use. This 
gives in twenty-four pages a com- 
plete discussion of the operation of 
fuses and how they protect equip- 
ment. 


The American Resistor Company, Cold 
Spring and Eleventh Street, Milwau- 
kee, Wis.—Announcement is made of 
a change of name of this company, 
formerly known as the Wireless Re- 
sistor Company of America. A book- 
let entitled, “Stories of the Globar 
Element,” shows the origin of this 
non-metallic electrical heat unit for 


John Dolph Company, 
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industrial and domestic use and gives 
some of the important advantages of 
it. A special chart shows the current 
values of globar heating element and 
the range and watt limit in relation 
to length. ; 


168 Emmet 
Street, Newark, N. J.—A folder dis- 
cusses the effect of lubricating oil 
upon insulation. Dolph’s electric lac- 
quer, it is stated, is both oil and 
waterproof and will protect and pre- 
serve insulation and so prevent 
breakdowns which might result from 
oil or water. 


Ramsey Chain Company, Inc., Albany, 


N. Y.—A booklet entitled, “Power 
Transmission with Ramsey Silent 
Chains,” shows the advantages of 
silent chain transmission and its 
field and application in industry by 
discussing the various types of drive 
to which it may be applied. Con- 
siderable space is given to tabulation 
of data on sizes and capacity as well 
as suggestions for applying them to 
particular work. 


Miniature Breaker Company, Inc., 200 


Fourteenth Street, Long Island, N. Y. 
—A folder describes the Minibreaker, 
a small circuit breaker for small al- 
ternating-and direct-current motors, 
which are claimed to give 100 per 
en automatic protection without 
uses. 


Mid-West Air Filters, Inc.—Depart- 


ment F-18, 100 East 45th Street, New 
York, N. Y.—Data-book B, entitled, 
“Air Filters for Compressors and 
Internal Combustion Engines,” de- 
scribes the construction and opera- 
tion of the Mid-West air filters and 
gives a large amount of data and 
methods of calculation required in 
determining the capacity of a filter- 
ing installation. 


Standard Conveyor Company, North St. 


Paul, Minn.—A circular entitled, 
“Overhead Stands Still,” shows by 
illustration and text how a number 
of companies have reduced their ma- 
terial handling costs by using stand- 
ard conveyors. These applications 
show a wide variety of installations 
and types of work handled. 


The Alexander Milburn Company, 1416- 


1428 West Baltimore Street, Balti- 
more, Md.—A folder entitled “The 
Milburn Light” describes the various 
types of portable Milburn carbide 
lamps which may be used for engi- 
neering construction, mine work, 
yard work and other night activities. 


G & W Electric Specialty Company, 


7440 South Chicago Avenue, Chicago, 
III.— Bulletin 231 entitled “Potheads 
and Accessories” covers the line of 
G & W distribution specialties. This 
includes single and multiple conduc- 
tor potheads and disconnecting pot- 
heads as applied to inter-connected 
distribution systems. Such subjects 
as instructions for ordering, me- 
chanical details, installation instruc- 
tions, and standard applications are 
included. In addition to listing of 
types and prices, various other de- 
vices such as series cutouts, fuse 
blocks, conduit bells and caps are 
also listed. 


R. W. Cramer and Company, Inc., 136 


Liberty Street, New York, N. Y.— 
Circular A-3 describes the Sauter 
self-winding electric time switches 
which range from 2 to 300 amp. at 
110-250 volts and 25 and 50 amp. for 
3,000 to 6,600 volts. 
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The Hart Manufacturing Company, 


Hartford, Conn.—A manual of Re- 
mote Control Equipment,” shows the 
application of the Diamond H remote 
control switches for multi-circuits, 
no-voltage release switches, tank 
switches, relays and solenoid devices. 
This equipment may be used for ex- 
tinguishing all the lights on the floor, 
even though they be lighted by sep- 
arate switches, to control switches 
which transfer the connection from 
one power circuit to another in case 
of low voltage or voltage failure, and 
for numerous other uses as shown. 


The Medart Company, Potomac and De 
Kalb Street, St. Louis, Mo.—Catalog 
43 entitled, “Line Shafting Equip- 
ment,” catalogs the entire line of 
power transmission equipment sup- 
plied by this company. This consists 
of lineshafts, hangers, couplings, 
pulleys, gears and various other 
equipment. Complete table compris- 
ing price as well as a large amount 
of data and a number of charts are 
included. 

The Dayton Safety Ladder Company, 
Dayton, Ohio—A 12-page folder il- 
lustrates the construction and appli- 
cation of the Dayton safety ladder, 
which is a special stepladder of well 
braced and reinforced construction 
with a large working platform. 


Diamond Saw and Stamping Works, 
Buffalo, N. Y.—Folders describe the 
various types and sizes of Sterling 
power hack saw machines which 
have an automatic lift to raise the 
blade on the return stroke. 


Weston Electrical Instrument Company, 


10 Weston Avenue, Newark, N. J.— 
A number of small booklets and cir- 
culars describe the various Weston 
portable and stationary testing volt- 
meters, ammeters and other testing 
equipment for garage and battery 
service. 

The English Electric Company, Ltd., 
Queen’s House, Kingsway, London, 
W. C. 2, England—Publication 471 
describes the ironclad truck-type 
switchboard class OLZ and gives de- 
tailed drawings as well as illustra- 
tions showing how the board is con- 
structed. 

Thorner and Martens, 463 Commercial 
Street, Boston, Mass.—A_ portable 
test block, used to facilitate the test- 
ing of commercial sizes of incan- 
descent lamps from the Mogul base 
downward, is only 3 in. square and 
1% in. high overall with the test cord 
and plug for quick service. After 
plugging into an outlet, contact is 
made by touching one terminal of the 
device under test to a, triangular 
brass base mounted on a micarta in- 
sulating block and touching the other 
terminal to either of two connected 
brass strips forming a “V” and 
mounted on insulated supports above 
the right and left-hand edges of the 
base piece. 


Chicago Belting Company, 110 North 
Green Street, Chicago, Il.—A 16- 
page booklet describes “pre-tested” 
leather belting, tells what it is, what 
it means to the buyer of belting and 
who makes it, with a brief history of 
the Chicago Belting Company. All 
users of leather belting will find this 
interesting. 

Westinghouse Electric and Manufac- 
turing Company, East Pittsburgh, 
Pa.— Circular 1670 entitled, ‘Static 
Condensers for Power Factor Correc- 
tion,” not only discusses power factor 
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and its effect but also its correction 
and in particular compares the char- 
acteristics of static condensers and 
synchronous condensers in power fac- 
tor correction. Anyone interested in 
power factor correction will find this 
20-page booklet worth while. 


Reeves Pulley Company, Columbus, Ind. 
Catalog T-44, entitled: “The Reeves 
Variable-speed Transmission” illus- 
trates the construction of this equip- 
ment and a large number of instal- 
lations in various lines of industry. 
One particularly interesting page 
gives a list of the various types of 
machines on which variable speed 
transmissions are used in different 
industries. 

Charles A. Schieren Company, 22 Ferry 
Street, New York, N. Y.—The first 
of a series of monthly issues on 
“Quality Facts About Belting,” dis- 
cusses the subject of “Choosing the 
Hide,” the source of hides and the 
best type of hides to be used in 
leather belting. Upon request, any- 
one interested will be put upon the 
mailing list to receive the entire ser- 
ies, together with a loose-leaf binder 
for filing. 


American Pulley Company, 4200 Wis- 
sahickon Avenue, Philadelphia, Pa.— 
A folder gives a description and di- 
mensions of the new American 

pressed steel hanger and its bearings 
which are made to take shafts from 
13 in. to 213 in. diameter. 


Pawling & Harnischfeger Company, 
Milwaukee, Wis.— Bulletin 320 de- 
scribes P. & H. Type U hoists, which 
are monorail units made for floor 
control or for cage operation. Both 
mechanical and electrical features 
are described in detail, together with 
dimensions and detailed specification 
of the several sizes. 


Bond Foundry and Machine Company, 
Manheim, Lancaster County, Pa.—A 
folder describes the Bond anti-fric- 
tion truck casters with double-ball 
swivel race and roller bearing wheel 
construction for medium and heavy 
duty. These may be provided with 
rubber tires if desired. 


General Electric Company, Schenectady, 
N. Y.—Circular 67450.1, Class 1 de- 
scribes the oil circuit breakers of 
type FK-132-A and FK-132-B with 
capacities of 7,500-15,000 volts and 
400-1,200 amperes. Detailed illustra- 
tions show the construction of the 
various parts. 


Gurney Ball Bearing Company, James- 
town, N. Y.—Engineering Bulletin 
M-1, entitled: “Gurney Ball Bearings 
in Electric Motors,” is prepared to 
assist in the making of applications 
of ball bearings to electric motors. A 
number of different applications are 
sketched together with ball bearing 
recommendations for both horizontal 
and vertical motors. Several pages 
give additional related data. 


Williams Tool Corporation, Twelfth 
and Liberty Streets, Erie, Pa.—A new 
catalog describes the portable type 
threading, cutting off and reaming 
machines marketed under the name 
of “Willie Williams,” which are es- 
pecially designed to permit being 
moved easily. Other catalogs de- 
scribe the complete pipe equipment 
capable of taking pipe from KM in. to 
24 in. 

Metals Coating Company of America, 
495-497 North Third Street, Phila- 
delphia, Pa.—A 16-page bulletin de- 
scribes the use of the MetaLayeR- 
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Schoop process for spraying a metal 
coating of zinc, lead, aluminum, iron, 
tin, copper, bronze, brass, nickel or 
monel metal over surfaces to protect 
them against corrosion or acids and 
Ma aluminum for high temperature 
work. 


H. Williams and Company, 1000 West 


One Hundred and Twentieth Street, 
Chicago, Ill—A new catalog de- 
scribes the Williams drop forged 
tools and forgings. These include 
wrenches, Vulcan chain-type wrenches 
and pipe vise mount and clam 
and turning tool holder, together wit 
miscellaneous drop forgings. 


Detroit Electric Furnace Company, 2335 


First National Bank Building, De- 
troit, Mich.—Bulletin 41 gives some 
interesting information in regard to 
the use of electric furnaces in brass 
melting and shows economies effected 
by it and how complete control ot 
analysis, color, texture and homo- 
geneity of the alloy is secured. 


The Republic Rubber Company, 


Youngstown, Ohio—A 36-page book- 
let entitled “Republic Belting” de- 
scribes and gives the recommended 
applications of the different grades 
of Republic transmission, conveyor 
and elevator belting, in addition to 
rules for belt application, points to 
be considered in the purchase of con- 
veyor belting, care of conveyor belts, 
conveyor belt specifications, and 
other data and suggestions concern- 
ing the use of belts. Several pages 
are devoted to special belts for spe- 
cial purposes, such as acid-resisting 
belts, belts for tanning factories, con- 
centrating mills, polishing, sanding 
and other purposes. 


The Oil Conservation Engineering 


Company, Addison Road and New 
York Central Track, Cleveland, Ohio 
—A 24-page booklet describes the 
“Oceco”’ fire extinguishing equipment 
which consists of a ten gallon carbon- 
tetrachloride extinguisher which is 
particularly adapted for use in cen- 
tral station and industrial power and 
light plants, transformer stations, 
relay stations, booster stations, and 
storage battery stationg as well as in 
connection with oil, waste, varnish 
and grease fire hazards and is non- 
freezing to 55 deg. F. below zero. 
This bulletin also describes an Oceco 
automatic sprinkler fire extinguisher 
for use in connection with agitators, 
especially those treating light oils. 


National Carbon Company, Inc., Cleve- 


land, Ohio—A new catalog in a spe- 
cial binder and not oniy devotes more 
space than ordinarily to carbon 
brushes but includes other carbon 
products and goes very thoroughly 
into the technical side of brush op- 
eration. Considerable space is de- 
voted to the discussion of the physi- 
cal characteristics of brushes, brush 
recommendations, how to order 
brushes, description of brush grades, 
special brushes, location at which 
shunts should enter brushes, stan- 
dard shunts, standard terminals and 
cables and special data as to aid in 
the selection of brushes for special 
purposes. 


Ingersoll-Rand Company, 11 Broadway, 


New York, N. Y.—Literature de- 
scribes the new size D, light-weight, 
non-reversible pneumatic drill suit- 
able for light drilling up to 9-16-in. 
and reaming up to 5-16 in. This 
tool is applicable to a wide variety of 
work in repair shops and manufac- 
turing plants. 
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M E By far the greatest number of Packard —and knowledge of industrial trans- 
ie transformers are bought for service on former requirements by Packard engi- 
$ lines where Packards are already in use. neers has been reflected in their per- 
p” Loyalty to Packard standards of ma- formance for this service. 
2 terials and manufacture has marked these —so that re-orders are the rule and 
transformers for more than a third of a they are the true measure of transformer 
century. worth. 
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Type AR Induction Motors In 
The Woodworking Industry 


PRODUCTS: 


Electrical Machinery 
Gas Engines 
Steam Engines 
Steam Turbines 
Condensers 


Oil Engines 
Hydraulic Turbines 
Pumping Engines 


The illustration above shows a battery 

of resaws being driven by Allis-Chal- | 
mers type “AR” Induction Motors. 
Their all steel construction makes for 
an exeedingly rugged motor, while 
thorough ventilation makes them ap- 
plicable for this class of service. 


Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
Flour Mill Machinery 
Saw Mill Machinery 
Air Compressors | 
Air Brakes | 
Steam and Electric Hoists 
Farm Tractors 
Power Transmission Machinery 


LLIS-CHALMERS MANUFACTURING(O. | 


MILWAUKEE, WIS. U.S.A. 
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Devoted to the Maintenance and 


Operation of 


Electrical and Associated Mechanical Systems in 5 and Factoriea 
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These Pictures Speak 
Louder Than Words — 


One Job Shows That the Other Has Little 
Justification and How Easily It Could Be 


Revamped 


OT so long ago I was in Green- 
ville, S. C., and called on my 
good friend, R. S. Huntington, who 
is president of Huntington & Guerry, 
one of the largest mill contracting 
firms in the South. R. S. H. is chock 
full of construction ideas and every 
time I see him he has something new 
to spring. Among the things he 
showed me this time was the ar- 
rangement of primary and second- 
ary wiring for the small transformer 
substation shown in the accompany- 
ing photo. The idea is so good and 
so simple that I want to pass it on 
to those of you who may have an in- 
stallation, such as shown in the up- 
per photo, that has been an eyesore 
for a long time and you have not 
taken the time to revamp it. 
Whenever I see an unsightly mess 
of outside wiring like that in the top 
Fhotograph, I can’t help but think of 
the grief some fellow may have after 
a heavy sleet storm trying to patch 
up a hopeless tangle of dangerous 
wiring. But the scheme devised by 
R. S. H. as shown here points a way 
to a real job that will stay put as 
long as the transformers will last. 
It will be noticed that the pipe frame 
anchored in the concrete foundation 
for the transformers, serves both as 
a guard and a means of drawing the 
primary bus cables up tight. The 
same idea is used for the secondary 
bus cables, so that connections to 
the primaries and secondaries of the 
transformers are flexible yet rigid 
enough to withstand the severest 
strains that may be caused by 
storm, snow and sleet. Note also 
that conduit is used as far as pos- 
sib'e and that it is supported in a 
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permanent fashion so that no 
wires are left dangling to be 
whipped about and finally 
broken. 
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It’s perhaps unnecessary to com- 
pare these two installations since 
they speak for themselves. The one 
is a fine looking job and the other a 
dilapidated mess of wiring, the like 
of which can be found too often at 
the rear of a plant where few people 
see it. If you have such an eyesore, 
I hope this idea of R. S. H.’s will in- 
spire a cleaning-up job. Sometimes 
all that is needed is a suggestion 
like this and a free Saturday after- 
noon or Sunday to give a new birth 
to a job that has been in mind for a 
long time. If these photos do cause 
such action and you work out a good 
looking job, take a picture and send 


Number 10 


it to me with or without a picture of 


what it looked like before you 
started. Or if you have already de- 
vised a scheme similar to that of 
R. S. H.'s, send that along and let 


me show you how you yourself can 
get some credit for an original idea 
and the ambition to do good house- 
keeping around your plant. You 
can’t afford to give the impression 
that messy wiring and sloppy patch- 
work represents the kind of thinking 
you do. On the other hand, good in- 
stallations well kept up are a just 
cause of pride and good insurance 
against unexpected failures and the 
grief that goes with them. 


Koira CAT 
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A Glimpse into the Plants of 
The Chicago Tribune Company 


Which publishes and delivers over 600,000 copies daily and 900,000 copies on Sunday in Chicago and over 800,000 copies 
daily and Sunday of the Daily News in New York, as well as 600,000 copies of Liberty, a weekly magazine 


NE OF the best examples of 

the value of giving careful 

attention, inspection and 
maintenance lies in the printing 
presses of our metropolitan daily 
newspapers. In order to get papers 
on the street and in the mail at fixed 
times and still report the late news, 
presses must operate against a very 
close schedule. Between runs the 
press is gone over carefully so that 
it is ready to go without interruption 
when once started. 

Other complicated mechanisms in 
connection with a large publishing es- 
tablishment are the linotype and 
monotype machines, which set and 
cast type mechanically by the opera- 
tion of a keyboard, and the machin- 
ery for paper production. The ac- 
companying illustrations give some 
idea of their size and complexity. 

Newspapers have become such a 
daily institution as to be regarded al- 
most as a necessity. Statistics show 
that at the end of 1923, there were 
426 English-language morning news- 


— 
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papers with 11,500,000 circulation, 
1,610 evening papers with 20,000,000 
circulation and 547 Sunday papers 
with 21,500,000 circulation. In addi- 
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This will soon be the new home of 
The Chicago Tribune. 


Tribune Tower is now under construc- 
tion and will be occupied early in 1925. 
This is the design which won the 
$50.000 prize in a competition among 
the world's architects. The buildin 
will rise 456 feet above Michigan Blvd. 
Some of the presses are already in- 
stalled and the building is being con- 
structed around them. 


tion, a large number of semi-weekly, 


weekly and more or less frequent 
local newspapers are published. 

One of the largest newspaper 
plants in this country is operated by 
The Chicago Tribune Company, Chi- 
cago, Ill., publishers of The Chicago 
Tribune, the Daily News (New York 
City) and Liberty, a weekly maga- 
zine. Each of the two newspapers 
has the largest morning circulation 
in Chicago and New York, which 
totals 1,400,000 copies daily. 

The Chicago Tribune was first 
published in 1847 when Chicago had 
a population of 16,000 and only one 
railroad. Since then it has misseđ 
publication only four times—two 
days due to a fire in 1849 and two 


New York Daily News. 


Gulf of St. Lawrence. 


Steps in the making of paper for The Chicago Tribune and the 


The Chicago Tribune Company has 500 sq. mi. of pulp land far up on the 
This timber is cut in winter and floated down to 


the Gulf in the Spring where it is loaded on boats and hauled down to 
the paper mill at Thorold, Ontario, near Niagara Falls. The illustra- 
tion at the left shows how the logs are lifted from the deck of a steamer 
and thrown into the pond at the paper mill. They are floated across 
the pond, sawed into 4 ft. lengths, and then built up into huge storage 
piles. One of the first steps in the making of paper is grinding the 
pulp wood. The workman (lower left) is inserting a log into a grind- 
ing machine. Below is part of the paper mill for making newsprint. 
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The linotype room and the matrix 
tables. 


This is part of the battery of 59 lino- 

ta machines used in the plant of The 
“Chi o Tribune. Here each line of 
text is cast on a slug. As the operator 
touches the key board the machine se- 
lects the proper letters from the maga- 
zine, places them in sequence, auto- 
matically equalizes the space between 
the words, casts the words in a slug 
of a single line, and then distributes 
the original type mold or matrix back 
into its proper ate in the magazine 
to be used After the reading 
matter is — into along 
with the advertisements, whole 
locked into a steel form and ‘brought to 
the matrix tables shown at right. Here 
a thick mat, made up of several thick- 
65 0 o£ 4 pa of is placed on 
top of pressure of 
15.000 TN applied. This impression 
forms the mo for cast one the stereo- 
type plates, which are u in printing. 


days at the big Chicago Fire in 1871, 
both of which destroyed the entire 
plant. But the growth during that 
time has forced the Tribune to move 
into larger quarters several times. 
It is now building a complete new 
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office building and publishing plant. 

Since publication is entirely de- 
pendent upon a supply of paper, The 
Chicago Tribune Company some 
years ago purchased 500 sq. mi. of 
timber land far up on the Gulf of 
St. Lawrence. It also established a 


Two views in the press room of The 
Chicago Tribune plant. 


Despite the intricate mechanism of 
these presses, practically the only in- 
terruptions are due to breakage of 
pa per. This is largely due to the care- 
attention given to them eve da 
while idle. en operating at full 
speed, each press will deliver 600 Trib- 
unes per minute. or two complete nene 
aners for each revolution of the 


nder. The newspaper presses are B45 
ft. lo Each unit, or the whole press 
may controll by push buttons 


placed within convenient reach of the 

ressman. The papers as finished are 
olded and carried on a special con- 
veyor, shown just behind the man in 
the {illustration below, 3 to the 
mailing room. The maximum press ca- 
pacity is 1,130,000 40-page Tribunes 
ally 
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paper mill at Thorold, Ontario, not 
far from Niagara Falls. The pulp 
logs are cut in the winter, floated 
down to the Gulf in the spring and 
then shipped to the paper mill. Last 
year about 93,500 tons of paper were 
used by The Chicago Tribune alone. 
The problems of newspaper pub- 
lishing are seldom realized by those 
not familiar with the industry. The 
fact that practically all news and 
advertising in the paper comes 
into the office, much of it by wire 
from all over the world, is rewritten, 
edited, set in type, stereotyped and 
printed all within a day and much of 
it in the late afternoon and evening, 
gives some idea of the work and the 
equipment involved. Since news a 
day old is no longer news, the equip- 
ment must be maintained in such 
shape that it will always function. 
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ON THE FOLLOWING pages are abstracts of pa- > > -q 

pers and discussions presented at the convention = 

of the Association of Iron and Steel Electrical a 

Engineers held at Pittsburgh, Pa., Sept. 15 to 20. — 
res This association represents the leading thought s 
in steel mill work throughout the country and the * 
proceedings of its conventions form a record of 

practice and developments from the practical 

standpoint of mill operators and engineers. 


Details of the 


Topics Discussed by Steel Men 


At the Convention of Association of Iron and Steel Electrical 
Engineers Held Last Month at Pittsburgh, Pa. 


tant phase of steel mill opera- 

tion had a place on the program 
of the annual convention of the As- 
sociation of Iron & Steel Electrical 
Engineers held at Duquesne Garden, 
Pittsburgh, Pa., September 15 to 20. 
In the main, the papers were free 
from theoretical viewpoints and dealt 
with the practical phases of steel- 


[P ant phase of every impor- 


mill problems that are now being 
faced or have been successfully 
worked out during the last two 
years. 

Abstracts of the principal papers 
are presented in what follows. The 
main points brought out by different 
steel mill operators in their discus- 
sions of these papers are given in 
the reports beginning on page 474. 


Maintenance Practice in Steel Mills 
Discussion Conducted By 
A. C. CUMMINS 


Electrical Superintendent, Carnegie Steel Company, Duquesne, Pa. 


HE following outline of the dif- 

ferent maintenance operations 
usually carried on in steel mill shops, 
was forwarded to the members of the 
Association with the request that 
they go over this matter carefully 
and come to the convention prepared 


to take part in the discussion of the 
subjects outlined. 
(1) GENERAL Motor REPAIR SHOP PRAC- 
TICE. 
(a) Shop cleaning of equipment re- 
ceived for repairs. Best and most eco- 


nomical method. 
(b) Inspection and test of equipment 


returned for repair; procedure and 
practice. 


(c) Do you advocate running test of 
repaired equipment as final test? 


(d) Has the apprentice system of 
training shop personnel proved satis- 
factory ? 


(2) ARMATURE REPAIR PRACTICE, D. C. 
EQUIPMENT: 


(a) Should all armatures arriving 
at shop with one or more damaged coils 
be rewound, or should damaged coils be 
replaced without complete rewind? 
Have you any definite data on this sub- 
ject? 

(b) Should damaged commutators be 
repaired at mill shops, or is it more 
economical to return damaged commu- 
tators to manufacturer for repair? 
What shop equipment is necessary for 
a good commutator job? 


(c) What increased service has been 
obtained by the adoption of the dip- 
ping and baking process in treating 
armatures to give better insulating 
qualities? Have you any objections to 
the use of this process? Definite fig- 
ures on this subject are very desirable. 


(d) Have you adopted anything new 
to prevent breaking of armature leads 
in wire wound coils? What is best 
practice in reinforcing broken leads on 
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armatures which give trouble in this 
respect ? 

(e) What is best practice in refer- 
ence to shafts in regard to the follow- 


ing: 
1. Bent shafts. 
2. Worn journals. 
3. Worn pinion fits. 
4. Bad keyways. 


(f) Commutators: 

1. Do factory commutators prove 
sufficiently superior to justify the ad- 
ditional cost? 

2. Do you advocate purchasing as- 
sembled bars or 1 ete commuta- 
tors mounted on bushings? 

3. Do you know of any oil-proof 
paint or cement which will delay dam- 
age to commutator insulations caused 
by oil or grease? 

4. Have you any application where 
undercutting does not seem prac- 
ticable ? 

5. Do high-grade brushes bring 
any tangible returns in increased 
commutator life? 


(g) What is best practice regarding 

bearings in the following details: 
What is permissible radial wear 
in d. c. armatures? 

2. What is permissible radial wear 
in induction motors? 

8. Have you found any quick way, 
that is dependable, to inspect bear- 
ings for radial wear? 

4. In rebabbitting shells is it al- 
ways necessary to first tin shells as 
recommended by manufacturers ? 

5. Do you use any special care in 
handling babbitt? If a change in 
babbitting has recently been made 
have you noted any superior service? 
Does pyrometer equipment actually 
enable babbitt men to do enough bet- 
ter work to justify the investment? 

6. Do modern babbitt bearing de- 
signs eliminate oil from armatures? 
What does shop observe? 

(h) What is best practice with anti- 
friction bearings in regard to the fol- 
lowing: 

1. Removal from shafts without 
damage? 

2. What is their ultimate life? 
How should greasing be handled? 

8. Do motors equipped with anti- 
friction bearings reach shop abso- 
lutely free of grease and oil on wind- 
ings and commutators? More or less 
than latest babbitt bearing types? 


(i) Coils. 

1. Do you advocate electric shops 
equipping themselves to make their 
own coils? Let us hear your views 
on this subject. 

(j) Assuming you are using a dip- 
ping and baking process of varnishing 
armatures what is the best practice in 
handling the following details: 

1. Cleaning after winding, but be- 
fore drying. 

2. Drying, before dipping. 

3. Dipping, how immersed, and for 
how long? 

4. Do you know of any special var- 
nish characteristics which have 
provedi specially desirable? 

How should excess varnish be 
R Why should it be removed? 

6. What are the most satisfactory 
baking temperatures and baking 
times ? 

(3) A. C. STATOR PRAcTICE—COorREs. 

(a) When is restacking necessary ? 
How may it be avoided? 

(b) Best practice in preparing cores 
for winding? 
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(c) Are riveted laminations proving 
superior to older designs? 
WINDING FRACTICE. 

(a) Insulation of slots. 

(b) Coil insulation. 

(c) Dipping and baking. 

(d) Kinks. 

Ro1ors. 

(a) Is welding squirrel-cage end 
rings to bars of old motors desirable? 

(b) If so, are bars installed in slots 
bare, or is it best practice to use insula- 
tion as originally designed ? 

(c) In what way does shop practice 
in handling wound rotors differ from 
d. c. practice? 

(a) Are there any reasons why dip- 
ping and baking are not desirable in 
wound rotors? 

(4) CONTROLLERS. 

(a) Should control be repaired by 
shop men or general mill maintenance 
men? Why? What is the extent of 
repair? 

(b) If control is repaired in shop 
what provision is necessary for test 
and adjustment before storing as spare 
equipment? 

(e) Should resistance be standard- 
ized? What steps have you taken to 
reduce the number of different grid 
sizes required ? 

(d) Have you any special “stunts” 
for handling control repairs? 

(5) FINAL. 

(a) How are shops to keep down in- 
vestment in supplies? Some works 
have 50 per cent of their total electrical 
stores invested in armature coils. How 
can this be kept down? 

(b) What proportion of running ar- 
matures should be stored as spares? 


* * * * 
Discussion on 
Maintenance Practice 


The discussion of the questions 
presented by Chairman A. C. Cum- 
mins, centered around the problem 
of whether renewal and repair parts 
should be made in the steel plant re- 
pair shop or purchased from the 
motor or control manufacturer. 
Opinions differed, but the majority 
took the stand that renewal parts for 
modern equipment should be pur- 
chased, while the parts for the older 
and more or less obsolete apparatus 
could be handled to better advantage 
in the plant repair shop. 

Mr. Cummins spoke of the neces- 
sity of determining accurate shop 
costs and the value of analyzing 
them. He has found the charges 
against motors of 40 hp. to 60 hp. in 
plants having 40, 000 to 60,000 hp. of 
motors will range from $60 to $100 
per year per motor. These charges 
include material, labor and overhead, 
such as executives’ and foremen’s 
salaries, storeroom costs and the 
like. Every means available should 
be used to reduce this overhead. One 
way to save is by careful collection 
and disposal of waste brass, copper 
and the like. This should be col- 
lected and credited to the electric 
shop. 


AGS 


A. J. Standing of the Saucon plant 
of the Bethlehem Steel Co. stated 
that a repair shop should confine it- 
self to maintenance and repair and 
not attempt the manufacture of re- 
pair parts. Building new equip- 
ment or parts runs up the overhead 
charges because better and more 
skillful men are required for such 
work, to say nothing of the develop- 
ment work required in making the 
parts. The motor or control manu- 
facturer can pay good prices for men 
to do this kind of work and absorb 
these costs in large production. He 
further stated that the plant elec- 
tric shop should go as far into repair 
as possible, but should avoid the ex- 
tensive making of coils, commuta- 
tors and the like. W. T. Snyder of 
the National Tube Co., McKeesport, 
Pa., also stated that the manufacture 
of repair parts is outside the prov- 
ince of the repair shop. 

G. E. Stolz said that the equipment 
manufacturer cannot answer the 
question as to what parts can best be 
made in the repair shop. It is a 
question of accounting. The shop- 
man should obtain accurate data on 
the cost of making repair parts in his 
own plant and then carefully con- 
sider the life of the parts of his own 
manufacture as compared with the 
life of the manufacturer’s parts. It 
comes back to a question of cost per 
year rather than cost per coil or 
per part. 

On the other hand, F. W. Cramer 
of the Cambria Plant of the Bethle- 
hem Steel Co. stated that a great 
deal of parts manufacture, particu- 
larly coil winding, is done at his 
plant. This works out advantage- 
ously when the plant is not located 
close to a large manufacturer and 
trouble is had in obtaining quick 
shipment of the necessary parts. He 
also said that the manufacturer’s 
price of coils for old or obsolete mo- 
tors is high. Consequently, all of 
this material is made at the plant. 
If such coils were bought and stored 
several years they would deteriorate 
so as to be worthless; hence the 
value of making them shortly before 
being used. At this plant an accu- 
rate record is kept of the cost of 
making coils; consequently they are 
in a position to know what coils 
they can profitably make. He stated 
that he was not able to show a sav- 
ing in making coils for modern mo- 
tors. 

J. A. Morgan of the Edgar Thom- 
son Works of the Carnegie Steel Co. 
stated that they manufacture coils in 
sizes up to 50 hp. They dip and 
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bake the coils but do not impregnate 
them. 

Mr. Morgan advocated complete 
rewinding of damaged armatures 
unless the defects are very slight. 
Mr. Blakeslee stated that most ar- 
matures have to be completely re- 
wound and that unless the coils are 
soft and flexible, most of the coils 
from a damaged armature have to 
be replaced. 

Mr. Snyder said that some shops 
are not keeping step with other de- 
velopments in the mill. Mr. Cum- 
mins advocated the use of commer- 
cial repair shops by small plants that 
are convenient to them. 


In cleaning motors and equipment 


before being repaired, Mr. Standing 
stated that the equipment was blown 
out with compressed air. This was 
done outdoors and not in the shop. 
Other operators stressed the same 
point. The value of dipping and bak- 
ing armatures after rewinding was 
acknowledged by several speakers. 

Opinion was divided on the advis- 
ability of straightening bent shafts. 
Mr. Standing stated that he dis- 
carded bent shafts. John C. Reed of 
the Steelton (Pa.) plant of the Beth- 
lehem Steel Co. and J. A. Morgan 
said that they straightened the 
smaller shafts after they had been 
bent. D. W. Blakeslee of the Jones 
& Laughlin Steel Corp. said the same 
practice was followed at his plant. 
All the men discussing the paper 
spoke of the successful use of arc 
welding for building up worn pinion 
fits, worn journals and damaged key- 
ways. Mr. Morgan reported success 
in welding broken armature shafts. 

Mr. Reed advocated a running test 
of repaired equipment — no-load 
tests, ground and_high-potential 
tests being recommended. 

Mr. Cramer spoke of the necessity 
for protection of armatures during 
the time they leave the motors until 
they reach the repair shop and like- 
wise on their return trip. Since it 1s 
impossible to handle the armatures 
carefully in the steel plant they have 
made round steel cases which will 
hold the armature complete with its 
bearings. The armature is placed in 
this case and thus protected during 
transit to and from the repair shop. 

He also mentioned that they do 
rot change armature bearings in the 
field. All armatures are fitted with 
bearings in the shop and when an 
armature is changed the bearings 
are also changed. 

Opinion was divided on the prob- 
lem of commutator repair. Mr. Reed 
repairs a great many commutators. 
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Mr. Blakeslee stated that it was more 
economical to repair commutators 
than to send them out. On the other 
hand, Mr. Morgan does very little 
commutator repair work and finds it 
advisable to have such work done in 
commercial repair shops. 

Mr. Reed stated that he kept all 
of his commutators undercut, while 
Mr. Blakeslee felt that a damp loca- 
tion was undesirable for an undercut 
commutator. Mr. Reed also empha- 
sized the economy resulting from 
the use of high-grade brushes. 

In commenting on bearings he said 
that about s:-in. radial play is per- 
mitted before discarding them. This 
play is determined by prying up the 
pinion with a bar and also by check- 
ing with feelers under the pole 
pieces. Mr. Blakeslee stated that the 
amount of play cannot be fixed—that 
it depends upon the size of the motor. 

Mr. Reed does not believe in mak- 
ing his own babbitt metal. Most op- 
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erators discussing the question use 
the “stick” method of determining 
babbitt temperature and seem to find 
it satisfactory. 

Mr. Blakeslee said that he left 
most of the control repairs to the 
general maintenance men. 

The advisability of piece-work 
methods in the repair shop received 
some discussion. A few operators 
are trying to standardize shop meth- 
ods and put in piece-work practice. 

Mr. Standing stated that 21 per 
cent of his armatures are spares 
and that he believed this amount was 
too high. He and Mr. Blakeslee both 
said that the amount of spares de- 
pends upon the condition of the mill 
and the character of the drive. A 
motor which, if it should fail, would 
tie up a whole mill or a vital section 
of it, naturally should have complete 
spare-part protection. With less im- 
portant motors less protection is 
required. 


Rolling Mill Adjustable-Speed Drives 


By L. A. UMANSKY 
Industrial Engineering Department, General Electric Company, 
Schenectady, New York 


HERE ARE a good many rea- 

sons why most of the mills with 
a diversified line of products should 
have several rolling speeds. A uni- 
form average speed may be a poor 
compromise: the output of lighter 
sections may be curtailed; they will 
be rolled at a lower temperature and 
the amount of power per ton of steel 
rolled will be appreciably higher; 
some small sections would be so cold 
in the finishing passes that the qual- 
ity of the product would be impaired. 
Likewise, troubles may be expected 
with heavier sections; the compro- 
mise speed may be too high for the 
rolls to get a good hold on the metal 
when the steel enters the mill. It 
might happen that, by selecting a 
constant-speed drive for such mill, 
the extreme light and heavy sections 
could not be rolled on it at all and the 
work would have to be passed to 
other mills, if such are available. 

It should be stated at the very be- 
ginning, that any electrical adjust- 
able-speed drive, regardless of the 
speed-regulating system employed, 
costs appreciably more than a con- 
stant-speed drive. However, the 
primary purpose of any mill is to 
roll steel—the more of it the better. 
There is no use comparing costs of 
several svstems of electric drive, 


without checking their effect on the 
mill output; the most economical 
drive is not the one that has the 
lowest cost, but the one that costs 
the least per ton of steel rolled. The 
cost of electrical equipment is only 
a part of the cost of the whole; one 
is truly wise who pays more for a 
part to save on the whole. In select- 
ing a system for driving a mill the 
drive should be fitted to the mill and 
not the mill to a type of drive favored 
for reasons other than mill require- 
ments. 

[The body of the paper is devoted 
to a discussion of the mode of opera- 
tion, characteristics, advantages and 
disadvantages, and the factors govern- 
ing the selection of the following types 
of drive: two-speed drive; wound-rotor 
induction motor with secondary resist- 
ance; Scherbius system; Kraemer sys- 
tem; frequency converter system; 
brush-shifting, alternating-current mo- 
tors; direct-current motors using field 
control; direct-current motors using 
voltage control; direct-current mo- 
tors using a combination of field control 
and voltage control; and direct-current 
motors using a combination of field 
control and voltage control. Due to the 
length of this discussion it cannot be 
abstracted in the space available.] 

While it is extremely difficult to 
set hard and fast rules for making 
the choice between the various sys- 
tems of adjustable-speed drive, the 
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following conclusions, are believed to 
be generally true; 

(1) An alternating-current drive 
has a better efficiency than a direct- 
current drive. The larger the mill 
tonnage is, the more valuable be- 
comes each per cent gain in efficiency. 

(2) Alternating-current, adjust- 
able-speed drives are capable of cor- 
recting their power factor and 
bringing it close to unity. Direct- 
current drive with synchronous mo- 
tor generators have leading power 
factors on the alternating-current 
line, and are capable of providing 
leading corrective kilovolt-amperes. 

(3) When isolated mill drives are 
considered, the alternating-current 
drive will, in most cases, be found 
lower in the first cost than in the 
maintenance. The reliability is 
greater. 

(4) With several drives driving 
the same mill, the direet- current 
proposition may have a lower first 
cost. Only a close analysis will show 
where the dividing line is. 

(5) The increase of speed regu- 
lating range is more expensive with 
alternating- current drive than with 
direct current. A speed range of 
substantially more than 2 to 1 may 
be too: expensive for alternating 
current. 

(6) The larger the capacity of the 
drive is, all other things being equal, 
the more prominent become the ad- 
vantages of the alternating-current 
drive. For very small capacities, like 
300 to 400 hp., the cost per horse- 
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power of the regulating equipment 
for an alternating-current motor be- 
comes high. 

If a choice is to be made between 
a Scherbius or Kraemer system 


Diagrams of the principal connec- 
tions for eight forms of adjustable- 


speed drives. 


In diagram A is shown the principal 
connections of a single-range Scher- 
bius drive of the constant-horsepower 
type. M is the main induction motor, 
on the shaft of which is placed the 
regulating machine R. Tr is the fleld 
control] transformer used for speed ad- 
justment, Sw is the throwover switch 
to throw from the starting resistors 
SR to the regulating machine R. At B 
is shown the connections for a similar 
set of the constant-torque type. In this 
set the regulating machine R is not 
connected to the shaft of the main mo- 
tor M, but is connected to the shaft of 
a squirrel- cage. induction motor ŒE. 
At C the addition of the ohmic-drop 
‘exciter ODE permits speed regulation 
not only below but also at and above 
synchronous speed of the main mo- 
tor. This layout is known as a double- 
range, Scherbius drive. TR-2 is the 
stepdown transformer for the ohmic- 
drop exciter. At D is shown an ele- 
mentary diagram of connections for a 
constant-horsepower Kraemer drive. 
M is the main induction motor on the 
same shaft of which is a direct-current 
motor D. R is a rotary converter and 
RH, and RH, are field rheostats. D 
Diagram E is for a constant-torque. 
Kraemer drive. This set differs in that 
the motor D is taken from the shaft of 
the main motor M and connected to an 
induction motor K. Diagram F is 
for a constant-horsepower, frequency- 
converter drive. M is the main induc- 
tion motor, F is the frequency changer, 
S is a synchronous motor and P is a 
small synchronous motor for driving 
the frequency changer at synchronous 
speed. Diagram G is for a constant- 
torque, frequency-converter drive. In 
this diagram M is the main induc- 
tion motor, F is the frequency changer. 
SG is a small synchronous generator, 
SM is a small synchronous motor, TR 
is a transformer for transmitting the 
slip energy between the line and the 
frequency changer, and is used for 

adjustment. H is the elementary 
diagram of connections for a brush- 
shifting. polyphase. adjustable-speed 
motor. 
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the following factors should be 
noted: 

(1) The Scherbius system can 
give a double-range operation; the 
main motor can run non-regulat- 
ing and roll the majority of sections 
at the average speed. 

(2) The efficiency and power fac- 
tors of both systems are about the 
same. 

(3) Either Scherbius or Kraemer 
can be built for constant horsepower 
or constant torque. On the same 
basis, the Scherbius system employs 
one less machine than the Kraemer 
system. 

(4) The control of the Scherbius 
drive is somewhat more complicated. 
The control, however, consists of 
standard devices and is just as re- 
liable as that of any constant-speed 
induction motor. 

(5) The use of 60-cycle power as 
compared with 25-cycle lowers the 
cost of the Kraemer drive, but does 
not increase the cost of the Scherbius 
equipment. The speed regulation of 
the 60-cycle, double-range, Scherbius 
drive is limited to approximately 30 
per cent above and below synchron- 
ism, that is, to a maximum speed 
range of 130 to 70 = 1.85 to 1. 

Nowhere as in the question of ad- 
justable-speed drive should engineer- 
ing analysis be given a freer hand. 
It is far better to make a complete 
preliminary study of the subject, 
than to make a rash and possibly 
wrong decision and then pay for it 
in tons that might have been rolled. 


INDUSTRIAL ENGINEER Vol.82, No.10 


— 


— 


Dm Heu MEG CO 


October, 1924 


| 


Steel Mill 
Equipment Show 


At Pittsburgh Convention 
of Association of Iron and 


Steel Electrical Engineers . 


The million-dollar exposition of equip- 
ment for steel mills is shown from sev- 
eral different angles in the pictures on 
these two pages. More than one hun- 
dred companies displayed the latest 
developments in a wide variety of 
equipment used in the iron and steel in- 
dustry. 
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Crane Hoist Travel Limit Devices 


By WALTER GREENWOOD 
Safety Engineer, Ohio Works, Carnegie Steel Co., Youngstown, Ohio. 


AILURE of regulating devices 

for control of electrical appa- 
ratus is the chief cause of mishaps 
that cause impairment of electrical 
equipment, and machinery operated 
by electrical equipment. Also, it 1s 
the cause for delay of operations, 
loss of production and injuries to 
persons while engaged in handling 
electrically-operated equipment. The 
list of devices that fail and produce 
disastrous results include automatic 
breakers of various kinds, switches, 
speed limits and travel limits. 

The failure of hoist-limit devices 
is of such frequent occurrence that 
we are not surprised at the attitude 
of some whose preference is to rely 
entirely on operators to stop the 
hoist travel at the proper time in- 
stead of employing a limit device 
that is not entirely dependable. 

It is a general belief that limit de- 
vices where installed, have very 
nearly made impossible mishaps that 
can occur from neglect of operators 
to apply the control equipment. It 
is known that limit devices, claimed 
by their makers to he faultless and 
infallible, do fail. In answer to the 
question, Are they entirely depend - 
able?” the common reply is No.“ 
Replies made by some superinten- 
dents, where a large number of 
cranes are included under their man- 
agement, is that failure of some one 
of the total number of limits em- 


ployed does occur as often as once 
each week. These failures fre- 
quently are expensive; sometimes the 
expense is increased by delay of op- 
eration and loss of production. Loss 
of life from such mishaps is not an 
uncommon occurrence. 

In discussing hoist limits with 
various persons, these points have 
been agreed upon: a hoist-limit de- 
vice should be considered as only ant 
auxiliary to manual control. The 
principle features of limits are inter- 
ruption of current and the applica- 
tion of dynamic breaking; the addi- 
tion of any other feature involves 
care and attention that means addi- 
tional maintenance cost. If they do 
not automatically reset, the time con- 
sumed in resetting, if the method is 
purposely made inconvenient, will 
sometimes be a serious delay. This 
encourages operators to make the 
limit inoperative. If proper atten- 
tion is not given to the method of 
installation and to maintenance their 
reliability is much affected. 

In too many cases, the installation 
of a protective device is made by 
persons who in some particulars dis- 
regard instructions furnished by the 
maker of the device. This is done in 
some cases because the requirements 
are thought to be unnecessary and 
cost can be reduced; in other cases 
because they think they can see bet- 
ter methods. 


Power in the Iron and Steel Industry 


By BARTON R. SHOVER 
Consulting Engineer, Pittsburgh, Pa. 


ECOND only in importance to the 
supply of raw materials for 
making iron and steel is power, 
whether human or mechanical, and 
the tendency of man to shirk physi- 
cal labor together with the growing 
demand for the product and the in- 
creasing cost of fuel, make the prob- 
lem of mechanical power one of vital 
interest. 

From data taken from the Statis- 
tical Report of the American Iron & 
Steel Institute and from findings of 
the Carnegie Institute, it is esti- 
mated that the steel industry con- 


sumes for power purposes only, more 
than 12,400,000 tons of coal per year 
for the average production and over 
15,900,000 tons for maximum pro- 
duction; should all plants operate to 
capacity, nearly 21,400,000 tons 
would be required. In this connec- 
tion a table was presented showing 
the number of power units and their 
rated horsepower for the plants con- 
suming this coal. 

From data collected by the Associ- 
ation of Iron & Steel Electrical Engi- 


neers for 1923, the ratio of the horse- 


power of prime movers driving elec- 
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tric generators to the horsepower of 
motors installed is 0.59 to 1. A study 
of data submitted by different com- 
panies developed the fact that the 
more completely the plant is electri- 
fied, the higher is the ratio between 
generator and motor capacity; in 
other words, the better is the load 
factor of the motor installation. 
Some of the older plants where mo- 
tors were used for cranes, tables, 
etc., only, had a ratio that was as 
low as 1 to 7. 

Practically all primary power gen- 
erated in the steel plant comes either 
from steam or internal-combustion 
engines. While reciprocating en- 
gines still comprise the larger pro- 
portion of power units, the turbine is 
coming more and more into use. Al- 
though a great number of internal- 
combustion engines have been used, 
conditions have changed such that 
there is now a strong tendency in the 
other direction. Increase in speed, 
capacity and efficiency of the turbine, 
together with its lessening cost per 
horsepower, has swung the tendency 
towards it. Close inquiry shows 
the installation of only five gas-en- 
gine, generating units aggregating 
21,140 kw. capacity, since 1918. This 
capacity compares with the 357,375 
kw. of turbo-generators which have 
been installed during the same pe- 
riod and clearly shows which method 
of power generation is at present 
preferred. 

Data from the last annual report 
of the Bureau of Census shows that 
while the increase in the total ca- 
pacity of motors operated from plant 
power was 1,113,576 hp., or 140 per 
cent, the increase in capacity of mo- 
tors operated from purchased power 
was 727,475 hp., or 949 per cent. The 
increase in capacity of motors oper- 
ated from purchased power being so 
nearly equal to that of motors oper- 
ated from plant power shows that 
purchased power must be considered 
as part of the power system and that 
there is an increasing tendency to 
depend more and more on electric 
power generated outside the works, 
principally by public-service com- 
panies. 

Although a large quantity of coal 
is consumed, a large amount of by- 
product fuel and waste heat are used 
for power generation. It can be 
shown that there is more than suff- 
cient waste heat available for power 
requirements in plants having coke 
ovens and blast furnaces. On an av- 
erage twice as much waste heat as 
should be required, is used for power 
purposes, to say nothing of half 
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again as much coal in addition, or a 
total of five times the calculated re- 
quirements. This offers a fertile 
field for the development of future 
economy. 

Coke ovens and blast. furnaces op- 
erate continuously, whereas steel 
works and rolling mills are normally 
idle over the week end; consequently, 
about one-seventh of the waste heat 
from the principal sources is given 
off when there is no use for it by its 
largest consumers. This condition 
can be met by interchanging electric 
power with the local public-service 
company. There are at least three 
places where this arrangement is in 
force and two others where negoti- 
ations toward this end are now in 
progress. 

Power is applied directly or 
through electric energy, compressed 
air, or hydraulic pressure, but the 
amount used by the last two is so 
‘small a percentage of the total that 
it can be neglected. Because of its 
lack of overload capacity and inabil- 
ity to adapt itself to sudden changes 
in load, the internal-combustion en- 
gine is not suitable for driving roll 
trains or other apparatus of this 
character, but is well adapted for 
drivirig reciprocating, blast-furnace 
blowers. Due to lower first cost and 
convenience of operation, the turbo- 
blower has of late years made consid- 
erable headway. While it can show 
advantages in every respect over the 
reciprocating steam engine for blow- 
ing blast furnaces, the gas engine 
excels it in thermal efficiency. In 
fact, there is still a question, in spite 
of the higher first cost and operating 
expense, as to which of the two types 
of blowing units will show the bet- 
ter returns on the investment re- 
quired. 

In 1914, a turbine was direct con- 
nected to a roll train and although 
this outfit is still operating, it has 
never been duplicated; consequently, 
it can be assumed that the results of 
such drive are not satisfactory. 

It is not within the scope of this 
paper to argue the merits of the dif- 
ferent kinds of power units for main 
roll drive, but the tendency toward 
the use of electric motors as opposed 
to steam engines is too marked to al- 
low passing without notice. Com- 
mon practice is a good argument. In 
1928, one electrical manufacturing 
company furnished nine motors ag- 
gregating 27,650 hp., to replace ex- 
isting steam engines driving roll 
trains. Two other electrical com- 
panies report having furnished a to- 
tal of forty-seven motors aggregat- 
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ing 108,565 hp. for this purpose. 
Against this showing not a single 
motor driving roll trains has been 
replaced by any other kind of power. 

From the data, estimates and gen- 
eral history of the art as outlined 
above, the following is deduced as the 
present and probable future tendency 
of power generation and applica- 
tion in the iron and steel industry: 

(1) The electrification of all 
power-driven apparatus except blast- 
furnace blowers. 

(2) Substitution of turbo-blowers, 
or possibly gas engines for recipro- 
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cating-type, steam blowing engines. 

(3) Purchase of power require- 
ments by plants which have no waste 
heat available. 

(4) Complete economical utiliza- 
tion of waste heat by means of turbo- 
generators for electric-power gener- 
ation, except where this heat can be 
used to better advantage for pro- 
cess” or has a market value greater 
than its coal equivalent. 

(5) Interchange of electric power 
between plants of public-service 
companies and plants generating 
power from waste heat. 


Report of Electric Furnace Committee 


By GEORGE H. SCHAEFFER, Chairman 
Electrical Engineer, Carpenter Steel Company, Reading, Pa. 


HE question as to the effect on 
the steel of nitrogen generated 
by the electric arc of the furnace 


while melting down at a high volt- . 


age has been an open one. In the 
crucible, open hearth, Bessemer or 
electric furnace process, there is ever 
present the nitrogen content in the 
atmosphere, and an equal opportun- 
ity for chemical combination. From 
all available information we feel con- 
fident that within the limits of melt- 
ing now used commercially, for ex- 
ample up to 210 volts, the electric arc 
does not cause a chemical combina- 
tion of nitrogen with the steel bath. 
We are supported in this contention 
by the following information fur- 
nished by the Bureau of Standards: 

“Electric steels normally contain 
from 0.002 to 0.005 per cent nitro- 
gen. Open hearth steels contain nitro- 
gen in about the same range—while 


the Bessemer steels normally carry 
from 0.010 to 0.015 per cent of 
nitrogen.” 

Serious consideration is now be- 
ing given to high frequency induc- 
tion furnaces on a comparatively 
large scale for the production of 
high-grade alloys for special pur- 
poses and for refining precious met- 
als, although there have been no com- 
mercial installations. 

Inasmuch as the previous reports 
dealt mostly with electric melting, 
the board of directors asked that we 
devote most of our time to the me- 
dium- and low-temperature equip- 
ment. With this idea in view, we 
have limited the subject of electric 
melting furnaces to detailing the im- 
provements to furnaces, furnace con- 
trol and furnace operation that have 
taken place since the last electric fur- 
nace report. 


Electric Melting Furnaces 


By J. A. SEEDE 
Electrical Engineer, General Electric Co., Schenectady N Y. 


HAT any change in electric fur- 
1 nace practice is worth consider- 
ation is indicated by the 1923 elec- 
tric furnace production of steel cast- 
ings totaling 235,958 tons, or 50 per 
cent more than the best previous 
year, 1920, and the electric furnace 
production of alloy steel castings 
amounting to 29,054 tons or 64 per 
cent higher than the best previous 
year, 1922. 
The most recent change has been 
in using so-called electrode econom- 
izers and the Soderberg electrode. 


The electrode economizer is a de- 
vice that fits closely about the elec- 
trode where it emerges from the 
roof, keeping the air from it and 
cooling it without oxidation. 

The Soderberg or self-baking elec- 
trode will, undoubtedly, continue to 
be a source of discussion for some 
time to come. These electrodes have 
become firmly established in smelting 
furnaces, and are being successfully 
used in steel melting furnaces. 

The productive capacity of a fur- 
nace unit may be increased by short- 
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ening the time to produce a heat and 
decreasing the time between heats. 
Electric heating is used to best ad- 
vantage when preliminary heating 
has been done with cheaper sources 
of heat, but it is doubtful if all tne 
pəssible advantages have been real- 
ized. Preheating by oil or gas in the 
Loshbough combined charging bucket 
and preheater, in combination with 
an opening roof furnace is interest- 
ing. That such a method is profitable 
is indicated by the energy consump- 
tion dropping in several installations 
from approximately 600-kw.-hr. per 
ton to less than 400 kw.-hr. 

The need for increased production 
kas led to a gradual increase in in- 
put to arc furnaces from 225 kva. 
for a 1-ton furnace to 600 kva and 
higher at the present time. 

With the original equipment, it 
was a simple matter to obtain fair 
operation with one secondary volt- 
age, about 60 volts across the arc, but 
with increased capacities, a higher 
voltage for melting and lower volt- 
age for refining seem to offer advant- 
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ages over methods previously used. 

Reducing time between heats is a 
mechanical problem which involves 
getting the melted metal into ladles 
and charging the furnace with the 
minimum possible delay. Three so- 
lutions have been offered for this 


problem: charging machines, open- 


ing roof furnace and multiple 
melting furnace. The latter in- 
volves the use of one set of elec- 
trodes, transformers and control pan- 
els with two furnace shells mounted 
on a turn table. This makes a very 
compact arrangement, and in place 
of the 20 to 30-min. intervals be- 
tween heats, 4-min. intervals are 
common. . 

Brief reference to the largest in- 
duction furnace now operating in 
this country may be of value. For 
several years a 2-ton furnace has 
been operating at the Pittsfield 
works of the General Electric Co., 
with entire success. The linings 
now average 500 heats and individ- 
ual linings occasionally go 30 per 
cent above this figure. 


Low-Temperature Applications 
By E. A. HURME 


Manager, Steel Mill Section, Westinghouse Electric & Manufacturing Co., 
East Pittsburgh, Pa. 


! HE field of industrial heating 
can be divided into two classes: 
medium- and low-temperature appli- 
cations. Medium-temperature units 
are ordinarily classed as furnaces 
and operate from 1,000 deg. F. to 
2,000 deg. F. Low-temperature units 
are classed as ovens and operate at 
temperatures below 1,000 deg. F. 

One of the most successful appli- 
cations of hearth-type industrial fur- 
naces is in treating tool steel. Dies 
used in forming small parts by the 
die-casting process are subject to 
very high stresses and require spe- 
cial heat treatment. 

For this exacting work the Sani- 
tary. Tube & Stopper Company have 
adopted the electric furnace and find 
that they get better tops, save effort 
in heat treating dies and actually 
save $100.00 on each set hardened. 

With the electrical equipment they 
are getting about one and one-half 
million tops from each set of dies. 
With the best gas-fired equipment, 
they could not expect to get half as 
many pieces and of the tops produced 
there would be many more poor ones. 

Large industrial] electric furnaces 
are used for a wide variety of pur- 
poses, the most important in iron and 


steel plants being the annealing of 
large castings, the annealing of 
sheets for stamping, hardening and 
tempering wire and steel springs, 
and hardening of steel parts. 

A car-type annealing furnace 4 ft. 
wide, 6 ft. high and 10 ft. long is 
installed in the plant of the Keokuk 
Steel Castings Co. The heating ele- 
ments in the walls and roof are cov- 
ered with baffle plates. 

The Transcona shops of the Can- 
adian National Railways installed in 
1923 a car-bottom-type electric fur- 
nace for annealing side rods, driving 
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Armature failures decreased by 
dipping and baking rewound arma- 
tures. 

The curve shows how the armature 
failures decreased on an electric-rail- 
way installation after the dipping and 


baking of rewound armatures was 
adopted in 1919. 
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gear and coupler pockets of locomo- 
tives and cars. 

The average charge treated is 5 
tons and the average weight of the 
pieces is over 150 lb. The production 
of the furnace is 8.34 lb. per kw.-hr. 
Including the cost of handling, the 
total cost is approximately $3.00 per 
ton. 

The French Manufacturing Co., 
Waterbury, Conn., recently replaced 
a wood-fired, muffle-type annealing 
furnace with a 330-kw. electric fur- 
nace for annealing seamless brass 
tubing. 

The power consumption averages 
110 kw.-hr. per ton of brass annealed, 
or a production of 18.2 lb. of brass 
per kw.-hr. The cost of electric 


power exceeds the previous cost of - 


fuel by only 71% per cent, but other 
savings bring the cost of operation 
below that of the old fuel-fired fur- 
naces. 

Continuous electric furnaces are 
used by the Stewart Hartshorn Co., 
for annealing and hardening steel 
wire used for making small springs. 
The cost of operation shows a sav- 
ing of over 32 cents per 100 lb. in 
favor of the electric furnace, as com- 
pared with the gas-heated furnace. 

Heating units operating at tem- 
peratures below 1,000. deg. F., are 
classed as ovens: This class of heat- 
ing element is used to advantage in 
iron and steel plants in such pro- 
cesses as the following: Drawing 
the temper of tool steel hardened in 
a medium-temperature furnace; bak- 
ing sand cores; baking motor arma- 
tures, enameling. Under special ap- 
plications are the following: Elec- 
tric steam boilers, sheet mill roll 
heaters, heating of metal pattern 
plates, air heaters. 

In the electric railway field the 
baking of rewound motor armatures 
has resulted in a materially increased 
life of the armatures in service. An 
increase of 75 per cent in the average 
life is not uncommon. The accom- 
panying curve shows how the arma- 
ture failures decreased on a typical 
electric railway installation after the 
dipping and baking of rewound ar- 
matures was adopted in 1919. 

The similarity of mill- and crane- 
type motors to railway motors and 
the service to which they are sub- 
jected would indicate that the adop- 
tion of the practice in steel mill re- 
pair shops would be amply justified. 
A furnace capable of handling eight 
armatures per bake can be installed 
at an approximate cost of $1,200 to 
$1,400. Baking the armatures seals 
up the insulation which may have 
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been cracked during winding, ex- 
cludes the moisture and prevents de- 
terioration of the insulation. Few 
steel plants have tried the baking of 
rewound armatures. 

The low-temperature oven has 
proven the ideal method for baking 
enamel on steel parts such as auto- 
mobile fenders and batteries. With 
the electric oven a better finish is ob- 
tained, due to the more uniform ap- 
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plication of the heat and there is 
less danger of explosion. 

Electric preheating of the finish- 
ing rolls of sheet and tin mills is a 
new development in low-temperature 
electric heating. The marked bene- 
fits afforded and a pronounced su- 
periority over any previous heating 
methods are rapidly establishing this 
as a distinct improvement in the art 
of rolling sheets. 
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Medium- Temperature Installations 


By C. F. CONE | 
Engineer, George J. Hagen Company, Pittsburgh, Pa. 


s HE Fowler and Union Horse 

Nail Company, Buffalo, N. Y., 
uecided to erect a new plant in Buf- 
zalo and felt that the installation of 
an electric furnace for the annealing 
vf wire would eliminate many of 
their troubles in the manufacture of 
horseshoe nails. 

The furnace purchased is known 
us the regenerative, car-type furnace. 
There are three chambers: heating, 
cooling and preheating. The cooling 
chamber is in tandem with the heat- 
ing chamber with a common door be- 
tween. The preheating chamber is 
at the side of the cooling chamber 
with the common wall removed to al- 
low free interchange of heat from 
the hot to the cold charge. 

The charge is 34-in. diameter wire 
in coils weighing approximately 250 
Ib. per coil. The coils are stacked 
and the charge per car is approxi- 
mately 7,500 lb. The furnace de- 
livers 314 tons every three hours. 
The heating chamber temperature is 
held at 1360 deg. F. The total con- 
nected load is 180 kw. at 440 volts, 
three phase, 25 cycles. 

The temperature of the heating 
chamber is automatically controlled 
by a potentiometer type of recording 
controller. 

This furnace has been operating 
practically every working day since 
November, 1920, and has turned out 
several thousand tons of annealed 
wire without a single rejection or 
reheating. 

Gray & Davis, Inc., Amesbury, 
Mass., do deep drawing of 1/-in. and 
5/16-in stock. They draw in four 
operations and require two anneals. 
A pusher-type oil furnace was for- 
merly used. Rejections were large, 
pickling costs were high and die life 
was short, due to excessive scale. 

A counter-flow, regenerative car- 
type electric furnace was installed. 


It has six chambers, with two rows 
of cars moving in opposite directions. 
At each end is a preheating and cool- 
ing chamber with the common wall 
removed, thus permitting the trans- 
fer of heat from the hot to the cold 
charge. 

The heating elements consist of 
heavy nickel-chromium ribbon sus- 
pended from the side walls on spe- 
cial hangers. Each heating cham- 
ber has a connected load of 110 kw. 
for operation on 220 volts, three 
phase, 60 cycles. 

The furnace operates at 1,450 deg. 
F. and will handle 2,500 Ib. per hour. 
On a 24-hr. cycle, the economy is 145 
kw.-hr. per ton annealed. 

The Canadian Allis-Chalmers Com- 
pany, Taronto, Canada, desired a fur- 
nace to anneal transformer lamina- 
tions, and felt that the electric fur- 
nace would give a lower unit cost 
than a fuel-fired furnace. 

The furnace purchased was the 
double-end car type. The total con- 
nected load is 210 kw. for operation 
on 440 volts, three phase, 25 cycles. 
The average charge is 6,213 tons. 
Power is put on at 6 p. m. and the 
charge soaked all night at 1,600 deg. 
F. In the morning the hot car is 
removed and a cold car put into the 
furnace. The economy is 340 kw.-hr. 
per net ton annealed. 

One of the most difficult problems 
of the Nash Motor Co., is the heat 
treating of automobile parts. This 
operation was formerly carried on 
unsatisfactorily in box-type, fuel- 
fired furnaces. 

The parts to be heated vary from 
a small spring clip to a large front 
axle. The rotary-type furnace was 
finally selected. The rotating table 
revolves on rollers. The total con- 
nected load is 323 kw. for operation 
on 440 volts, three phase, 60 cycles. 
When operating on hardening, the 
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furnace heats 3,000 Ib. per hour and 
the economy is 170 kw.-hr. per ton 
at 1525 deg. F. 

Another automobile company se- 
lected a rotary-type furnace for car- 
burizing. The heating elements con- 
sist of heavy nickel-chromium rib- 
bon suspended from the side walls. 
The chamber is divided into five 
zones, although there are only three 
contro] instruments. Three temper- 
ature zones are established which 
may be- controlled independently of 
each other. Two furnaces were in- 
stalled and each has a total connected 
load of 500 kw. for operation on 220 
volts, three phase, 60 cycles. 

The time cycle in the electric fur- 
nace is 12 hr., compared to 15 hr. 
in the oil-fired furnace. The econ- 
omy is 200 kw.-hr. per gross ton. 
This actually gives a lower fuel cost 
than was obtained from twenty-five 
oil-fired furnaces in the same depart- 
ment. The saving in fuel and labor 
represents a return on the invest- 
ment for the two electric furnaces of 
81.7 per cent a year. 

The Royal Typewriter Company 
had been having difficulty with the 
excessive wear on typewriter parts 
and finally selected a box-type elec- 
tric furnace for treating these. 

This furnace is 4 ft. 10 in. long, 
3 ft. wide and 2 ft. high inside. The 
total connected load is 60 kw. at 220 
volts, two phase, 60 cycles. 

The operating temperature is 
1,650 deg. F. and the average gross 
charge is 1,100 lb. The heating time 
is 5 hr. and the economy is 360 kw.- 
hr. per gross ton. 

More hox-type electric furnaces 
have been installed than any other 
type. The sizes vary from the small 
laboratory furnace to the large size 
working on a tonnage basis. One 
box-type furnace operating in the 
heat-treating room of a large tube 
mill is used for hardening dies. 
Since this furnace has been in oper- 
ation, it is evident that they will 
obtain an increased die life of 33 per 
cent at least. 

The electric furnace has met with 
its greatest success in the vitreous 
enameling industry. The electric 
furnace atmosphere is slightly oxi- 
dizing, which is ideal for this kind 
of work. There are no fumes or dirt 
which will discolor the ware. The 
temperature distribution is even so 
that all parts receive the same burn- 
ing. 

A number of furnaces, consisting 
of a main or upper burning chamber 
with an auxiliary or lower burning 
chamber, have been installed. 
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Main Points in the 
Discussion at Pittsburgh Convention 


LL those taking part in the 
Alen of the paper on 
„Adjustable Speed Drives for 
Rolling Mills“ agreed that L. A. 
Umansky had written a very prac- 
tical and comprehensive paper that 
added much to existing engineering 
literature on the subject. F. R. Burt 
pointed out that reliability must not 
be sacrificed for over-all efficiency 
when making a drive selection. He 
further stated that the speed of 
rolling is a matter of judgment and 
skill on the part of the operators, 
and as such cannot always be esti- 
mated as closely as might be 
thought. After an installation has 
been completed, operating condi- 
tions often change to such an ex- 
tent that the original calculations 
do not hold true. F. B. Crosby said 
that it pays to spend money at the 
time of installation to make provi- 
sion for rolling a variety of products, 
for after a mill has been installed it 
often is required to roll a product 
quite different from what was origi- 
nally intended. He emphasized the 
necessity of considering all factors 
when making a drive selection for an 
adjustable-speed mill. In closing 
the discussion Mr. Umansky em- 
phatically recommended that alter- 
nating-current drives should be used 
whenever possible and direct-current 
drives only when compelled to by 
special conditions, owing to the bet- 
ter over-all efficiency of the alternat- 
ing-current drive. 

Electric Melting Furnaces.— In the 
discussion of the papers on Electric 
Furnace Installation” by Roy S. 
Sawdey, “Report of Electric Fur- 
nace Committee for 1924” by George 
H. Schaeffer, Chairman, and ‘‘Elec- 
tric Melting Furnaces” by J. A. 
Seede, emphasis was placed on the 
reduction in melting time and in- 
crease in capacity obtained through 
the use of furnace improvements, 
including automatic control, Soder- 
berg self-baking electrodes and other 
electrical equipment. Dr. Sem, who 
is visiting from Norway, discussed 
the operation and use of the Soder- 
berg electrode. He said that the first 
self-baking electrode installation 
was made over five years ago and 
during that time some 850 ft. of elec- 
trode had been consumed without an 
electrode failure. In this connec- 


tion he said that the installation has 
resulted in a 30 per cent saving in 
electrode cost as compared to the Eu- 
ropean carbon electrodes formerly 
used and a saving of 714 per cent in 
power consumption, due to more reg- 
ular furnace operation. He pointed 
out that one of the greatest advan- 
tages of this electrode is that it may 
be made in any shape or size, thus 
making the electrode fit the furnace 
and not cause the furnace to be de- 
signed for the electrode. 

Some question was raised in re- 
gard to the load factors obtainable 
with multiple and single furnaces. 
One operator stated that he believed 
the load factors of 70 per cent for 
the former and 45 per cent for the 
single furnaces were too high. 

Medium and Low Temperature Ap- 
plications.— In discussing this paper 
by E. A. Hurme and “Medium Tem- 
perature Furnace Installation,” by 
C. F. Cone, Gordon Fox of Freyn, 
Brassert & Co., stated that the first 
complete installation of electric roll 
heaters has just been finished. Here- 
tofore mills have only put in a few 
heaters, but this installation at a 
large sheet mill in Ohio consists of 
one roll heater for each of the 
fourteen stands in the mill. A very 
convenient method of handling and 
storing the heaters in racks has been 
developed and is in use in this plant. 
He stated that through the use of 
these heaters it was possible to start 
rolling good quality sheets at the 
beginning of the first turn and that 
the tonnage on the first turn was 
comparable to that of the other turns, 
which is twice as much as obtained 
before. 

The value of a demand-limiting 
device for use with furnaces was 
mentioned and described. It is at- 
tached to demand meters to give 
warning of or prevent an unusual 
and infrequent demand that would 
establish an excessive power rate. 
The author mentioned that the de- 
vice makes it possible to control the 
peaks of furnace loads and save 
many times the installation cost in 
a single year. 

A new elevated type of furnace 
having no door was also mentioned. 
It was stated that the use of this 
construction results in a furnace 
having a burned-out atmosphere 
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with no scale forming or oxidizing 
action. 

Crane Hoist Travel Limit Devices. 
—In discussing this paper, which 
was presented by Walter Green- 
wood, Safety Engineer of the Car- 
negie Steel Co., S. S. Wales, Electri- 
cal Engineer of the Carnegie Steel 
Co. spoke of the difficulty of pre- 
venting crane operators from “by- 
passing” or shunting the contacts of 
the limit switch so as to make it in- 
operative. He said that the elimi- 
nation of this practice was not only 
a matter of education of the oper- 
ators but also a factor which should 
be considered in the design of the 
limit stop. He criticised the use of 
two heavy weights on some of the 
limit devices, stating that there is a 
danger of the weights falling on 
someone below, and also of fouling 
the hoisting cable. 

Mr. Wales stated that many of the 
limit devices are of too light con- 
struction and that trouble is experi- 
enced with burning of the contacts. 
On some of his cranes the upper 
travel clearance is so small that the 
limit stop is required to function on 
practically every shift. On these ap- 
plications he finds that the contacts 
are too small. 

Mr. Richardson spoke of having 
trouble with ropes and weights. He 
believes that most of the present day 
limit stops are too large; there is 
not room to mount them on the crane 
unless the operating ropes are run 
through several sheaves. He con- 
demned this practice. He makes 
many of his own limit devices and 
prefers a reverse-current switch to 
one having a dynamic stop. 

R. S. Shoemaker of the American 
Rolling Mill Co. disagreed with him 
on the size of limit switches. Mr. 
Shoemaker stated that he believes 
the limit stop should be large, ex- 
pensive and the best that can be ob- 
tained. He has tried the practice of 
removing the stops from the hoist 
and making the operator responsible 
for accidents caused by running the 
blocks against the drum. In case the 
operator had two accidents he was 
automatically discharged. This prac- 
tice was unsuccessful for it did not 
eliminate the accidents and was the 
cause of losing good men. 

Ball and Roller Bearing Standard- 
ization.—At a business meeting of 
the association it was proposed that 
the manufacturers’ 300 series of 
ball and roller bearings be adopted 
as standard by the Electric Power 
Club. This matter is now being 
considered by the latter organization, 
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How $6,929.06 Has 
Been Saved in the 
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Purchase, Storage and 


Distribution of Lubricants 


During One Year by a Bulk Storage and Delivery 
System for the Manufacturing Departments of the 
Allis-Chalmers Manufacturing Company 


' By HENRY FREEMAN 
Superintendent Forge Shop, Allis-Chalmers 
Mfg. Company, Milwaukee, Wis. 

‘wi N THE summer of 1922, several 
J committees were appointed by 
1 ‘our assistant general works man- 

ager, to economize in supplies used 

generally throughout the shops. Suc- 
cess was so marked in the first drive 
on company tools and tool steel that 
other supplies were immediately 
made the subject of similar investi- 
gation. A committee, composed of 

Jas. Larsen, Superintendent of Shops 

1, 2 and 8; Chas. E. Schnader, Chief 

Power Plant Engineer; R. S. Mac- 

Pherran, Chief Chemist, and Henry 
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Freeman, Superintendent of the 
Forge Shop, was appointed to study 
and improve the purchase, storage 
and distribution of oils, paints, and 
greases. At present West Allis 
Works boasts a fine system and the 
following is an account of the com- 
mittee work leading up to it. 

The survey of prevailing condi- 
tions revealed much opportunity for 
improvement. In the main oil house, 
where all stock is kept as it comes to 
the plant, there was evidence of 
wasteful, inefficient equipment. Of 
twenty-three service barrels, sup- 
ported on a long rack, some were of 
wood, some of steel, some with fau- 
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This electric truck makes daily deliveries 
of oils and greases to twenty-two tool 
rooms. It carries two tanks with compart- 
ments of suitable size and furnishes every- 
thing carried in the oil house and required 
by the shop, including oils, naphtha, gaso- 
oe turpentine, greases, and white and red 


cets, some with valves and other fit- 


tings, and all of them were leaking — 
more or less, all being wasteful. The 
same condition existed in the twenty- 
two tool rooms which carry the oil 
supply in the various departments in 
the works; every style of can, tank, 
barrel and drum that could be picked 
up was being used for storing and 
handling. In only one shop did we 
find them handling oil in an efficient 
way. : 

White lead was carried only in 
100-lb. cans and in some departments 
this was six months’ to two years’ 
supply. Most tool rooms had an over- 
supply of cup grease in bad and dirty 
condition and in some cases unfit for 
use. It was very soon apparent that 
we needed a thorough housecleaning 
and that we must get fresh oil and 
clean grease to all users daily. This 
afterwards became the slogan of the 
committee, “Fresh Oil and Clean 
Grease Daily.” 
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After getting a line on the way 
these materials were being handled 
in our works, we began to investigate 
what other people were doing in this 
line. We visited plants having oil 
tank installations, some large, some 
small, but we found none very com- 
plete. 

Then we visited shops that made 
large tanks and shops that made 
small tanks, and got all the informa- 
tion possible from them. We visited 
the supply houses and looked over the 
stocks of plain cans and pump cans 
of every kind and other supplies that 
might help us. We have corresponded 
with all the people who furnish oil 
installations and got their recommen- 
dations and prices. We visited all 
the large oil companies in the city 
and looked over their method of han- 
dling oil. Mr. MacPherran corre- 
sponded with the engineers of the 
large oil companies for information 
regarding the best way to handle the 
various varnish oils, and other vola- 
tile oils. No recommendations have 
been made until all information pos- 
sible had been obtained and the prac- 
ticability of the proposed plan care- 
fully considered from every stand- 
point. 


SAVING IN CORE OIL EQUALS $404.25 
IN ONE YEAR 


In the foundry, core oil was being 
bought by the carload in drums; 
these drums were unloaded by hand, 
stored in the gallery taking up valu- 
able space, then man handled to the 
mixing room and lifted to a bench 
and tapped, taken off by hand when 
empty and later loaded on cars for 
return. To take care of this situ- 
ation there has been installed under- 
ground a 12,000-gal. tank and pur- 
chase is now made by tank car lots. 
There has been installed in the mix- 
ing room a 5-gal. Milwaukee pump 
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so that the men pump the oil as re- 
quired and all drip returns to tank. 
This has resulted in a saving of 7.5 
cents per gallon on tank car pur- 
chase, over purchase in drums. Our 
consumption in 1923 was 5,390 gal- 
lons, which made a total saving of 
5404.25. 


PUMP EQUIPMENT INSTALLED IN THE 
OIL HOUSE 


In the oil house there has been 
installed a Milwaukee battery system 
of fifteen 120-gal. tanks equipped 
with 1-gal. pumps and hose connec- 
tions. These take care of the heavy 
shop requirements. There have also 
been supplied rotary barrel pumps 
so that they can pump direct from 
the original barrel or drum, the drip 
returning to barrel, instead of to an 
outside pan. They have been fur- 


These 5-gal. service pumps are 
connected to the underground oil 
storage tanks. 
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These fifteen 120-gal. tanks are lo- 
cated in the main oil house and are 
equipped with l-gal. oil pumps. 
and hose connections. They take 
care of the heavy shop require- 
ments. 


nished with Marvel pumps for pump- 


ing and measuring grease from the 
barrel. This will take care of the 
heavy oils and light grease. There 
have been installed underground the 
following tanks: one 10,000-gal. tank 
for naphtha, one 10,000-gal. tank for 
lubricating oil, one 10,000-gal. tank 
for paraffine, and one 2,000-gal. tank 
for gasoline. These tanks are each 
connected to 5-gal. Milwaukee service 
pumps in the oil house. The naphtha 
pump is arranged to deliver this ma- 
terial to tanks on the second floor 
when required. 


STANDARD OIL AND GREASE CANS 
FOR 22 TOOL ROOMs 


Our twenty-two distributing tool 
rooms have been equipped with uni- 
form pump cans of 3-, 5- and 10-gal. 
capacity. These cans have a drain 
back for the spill and drip and a 
standard-size grease pail with cover. 
All old grease cans, pails and other 
containers were collected and de- 
stroyed and in their place the tool 
rooms have been furnished with a 
standard 2-lb. can with cover. Lim- 
iting the men to this size can has 
compelled them to go to the tool room 
more frequently and get clean grease 
as needed. 

They have also been supplied with 
a standard 2-Ib. or 1-qt. oil can with 
cover soldered on, with a small hole 
in the top for a brush; this to be used 
on drill presses, where oil is required 


October, 1924 


for drilling and tapping, also a stand- 
ard can with hinged cover for white 
lead. These are given out on check 
to the workmen as required. All 
these cans are carried in stores to 
make replacements and keep the 
standard uniform in all departments 
of the works. 

All unnecessary oil and grease cans 
in the shop cupboards and other odd 
corners have been eliminated and 
anyone needing oil, grease or white 
lead is required to go to the tool 
room, assuring a supply of fresh oil 
and clean grease. 


DAILY DELIVERY OF OIL AND GREASE 
BY ELECTRIC TRUCK 


There has been installed a daily 
delivery system by electric truck. 
This truck has been especially de- 
signed and built to meet the require- 
ments. It has two Milwaukee tanks 
of five and three compartments re- 
spectively of 10-, 15- and 20-gal. ca- 
pacity and carries everything in the 
way of oils, naphtha, gasoline, tur- 
pentine, greases, white lead and red 
lead; in fact some of everything that 
is carried in the oil house and re- 
quired by the shop. This truck 
makes a daily trip to each of the 
twenty-two distributing tool rooms 
in the works and delivers whatever 
they may require and takes the tool 
room tender’s receipt for the sup- 
plies. The driver makes the round 
trip in two to two and one-half hours. 
The truck returns to the oil house 
where supplies are replenished and 
everything is made ready for the 
next day’s run. 

It is interesting to make a round 
trip with the oil truck and note the 
business-like way and the dispatch 
with which supplies are ordered 
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USED IN 
1923 


MATERIAL 


. : 


Comparative Prices of 


Oils and Gasoline and Savings Under New Plan 


BARREL 
PER GAL. 
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TANE 
PER GAL. 
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Gasoline.............. 25,418 
Naphtha.............. 35,439 
Paraffine Oil.......... 10,671 
Red Engine Oil........ 14,611 
Core Oil.............. 5, 


and delivered. Wherever possible, 
carrying the oil from the truck tank 
to tool room tank has been eliminated 
and the tool room tanks are so ar- 
ranged that oil can be pumped di- 
rectly from the truck tanks. For the 
special supplies or those used only oc- 
casionally and in small quantities de- 
livery is made in their own cans as 
required. This part of the service 
has given very general satisfaction 
throughout the departments. 
Previous to this time there were 
on the average fifty-five men from all 
departments calling at the oil house 
for supplies every day. Since the 
system of delivery by truck has been 
installed this has been reduced to five 


or less per day, a reduction of fifty 


Standard oil containers provided 
for tool rooms. 


Twenty-two distributing tool rooms 
have been equipped she pomp 5 k 
3-, 5- and 10-gal. cap acity. cnor er 
also provided with Ptah ard 2-ib. 85 
I-qt. oil cans with a small hole in the 
top for a brush, for use in drilling and 
tapping operations, and standard 1-qt. 
cans for white lead. Grease is fur- 
nished in standard 2-lb. cans with cover, 
to keep it fresh and clean. 


‘ 127 
202 148 
146 073 

199 125 


Eliminating visits to oil house 


Total direct saving for one year 


.073 
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visits per day. A conservative aver- 
age of each man's time per visit 
would be about 15 min.; then 50 X 4 | 
hour = 12% hours, less 2 ½ hours 
for delivery time by truck leaves a 
net of 10 hours daily, 800 times (for 
working days) at 45 cents per hour 
equals more than $1,350.00 per year. 
This is a very important saving to- 
gether with the fact that we are de- 
livering “fresh oi] and clean grease 
daily.” 

Being able to go into the market 
for tank car lots of lubricating oil, 
naphtha, kerosene, paraffine, gasoline 
and core oil, a considerable saving 
has been effected over purchase by 
barrel or drum. A summary of this 
saving over a period of one year 
would be about as shown in the 
above tabulation which also gives 
the amounts used and prices paid 
for the different materials. 


DIFFERENCE BETWEEN TOTAL Ex- 
PENSE AND SAVING FOR ONE YEAR 


Then there is the indirect saving 
by elimination of the daily handling 
of barrels, the loss by side- and cor- 
ner-cling to the barrel is also elimi- 
nated; this is figured by oil engi- 
neers at 2 per cent. The cost of 
installing the five underground tanks 
at the oil house and foundry with 
pumps and hose connections com- 
plete, exclusive of the tanks, amount- 
ed to $4,164.48. 

Cost of large underground 


tanks, installation and equip- 
ment at oil house and foun- 


OLY E EEE ³ͤ A8 4,164.48 
Cost of equipment and instal- 
lation of truck tanks, pump 
tanks at oil house and tool 
rooms complete 3,226.00 
$7,390.48 
Total direct saving for one 
/§ö§;*¹¹ow deen E T EET 6,929.06 
Difference between total ex- 
pense and saving for one 
N AA $ 461.42 
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THIS IS THE second article on In- 
dustrial Safety by Mr. Donald in 
which he emphasizes the importance 
of the centralization of the work in 
the following statement: “If the 
Maintenance Engineering Depart- 
ment is not the center of accident 
control, it is at least its chief ally, 
for all upkeep must regularly be re- 
ferred to it. One advantage of plac- 
ing accident prevention in this de- 
partment is the avoidance of irrita- 
tion which frequently results when 
workers or executives of one depart- 
ment presume to examine and criti- 
cize conditions in another. Another 
advantage is that the primary 
requisite for a reduced cost of ac- 
cidents is a well-kept plant.” 


Some Practical 
Pointers on 


Directing 
Attention in 


Safety; Work 


With Reference to Stand- 
ardized Safeguards and 
Some of the Details of 
Making Inspections 


By H. W. DONALD 


District Manager of Engineering, American 
Mutual Liability Insurance Company, 
Boston, Mass. 


EALTH AND SAFETY of 
H the employees in the indus- 
trial plant, large or small, 
calls for as intelligent and as sys- 
tematic attention as the upkeep of 
machines, for there has been a steady 
advance and broadening of the stand- 
ards of personal health and safety 
with each advance in industrial de- 
velopment. With accident prevention 
in view a human interest is added to 
the daily grind of fixing up an in- 
animate plant and machines. Hu- 
man safety when once considered and 
understood stimulates the interest of 
all concerned and in arising to the 
needs of their fellow-workers all are 
watchful of slack or wear in plant 
and equipment. 
In the larger industries, a division 
of the repair work is necessary. 
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With a systematic plan of reporting, 
housekeeping features are carefully 
inspected and accurately controlled. 
Sanitation and cleaning, for instance, 
are frequently the work of separate 
departments, with considerable econ- 
omy and increased efficiency, for with 
the old system of sanitation within 
the departments the areas in between 
were a “no man’s land” for the jani- 
tor’s crew. The nurse or hospital 
staff inspects and reports on this 
question and keeps an accurate check 
of sickness and industrial disease in 
addition to the record af accidents. 

If the Maintenance Engineering 
Department is not the center of acci- 
dent control, it is at least its chief 
ally, for all upkeep must regularly 
be referred to it. One advantage of 
placing accident prevention in this 
department is the avoidance of irri- 
tation which frequently results when 
workers or executives of one depart- 
ment presume to examine and criti- 
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This chart shows what safety work 
has accomplished in 500 plants. 


This chart shows the per cent of in- 
crease and decrease of Lost-Time Ac- 
cidents” and of “Days Lost” per em- 
ployee in a composite summary of 500 
plants engaged in various kinds of 
work. Although at first there seemed 
to be a slight increase in accidents, 
after the safety work got well under 
way the reduction, as shown by the 
slope of the curve, was very pro- 
nounced. 


cize operating conditions or methods 
in another. 

It is logical, therefore, for the 
Maintenance Department to central- 
ize so-called safety work and it is 
consequently necessary that those re- 
sponsible for it should be acquainted 
with the special industrial standards 
and the requirements of state laws. 
For practical needs, the “Handbook 
of Industrial Safety Standards” (dis- 
tributed by many insurance compa- 
nies) has been prepared to cover the 
most common features and coincides 
as nearly as possible with the larg- 
est number of state regulations. It is 
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accepted by Workmen’s Compensation 
Bureaus in Maine, New Hampshire, 
Vermont, New York, Pennsylvania, 
Maryland, Alabama, Louisiana, 
Tennessee, Minnesota, Massachu- 
setts, New Jersey, Delaware, Vir- 
ginia, Georgia, Texas and Kentucky. 
Other states have their own stand- 
ards which may be obtained from the 
factory inspectors or other bureaus 
in that state responsible for their en- 
forcement. Also a large number of 
other associations and organizations 
have issued codes or recommended 
practices. Perhaps one of the best 
known is the “National Electrical 
Code” issued by the National Board 
of Fire Underwriters, which embod- 
ies the recommendations of the Na- 
tional Fire Protection Association. 
The National Safety Council, Chi- 
cago, Ill., have also issued a number 


pyr a] 


Anchor fo Ror 


of “Safe Practice Pamphlets” which 
take up the construction and installa- 
tion of guards and equipment as 
well as safe practices in the opera- 
tion of equipment. A few of the sub- 
jects covered are: Ladders, stairs 
and stairways, cranes, belts and belt 
guards, oiling devices and oilers, 
scaffolds and many others, including 
altogether about sixty subjects. 

A lack of appreciation of the value 
of these standards by plant mainte- 
nance men has resulted in the insur- 
ance inspector (whose duty it is to 
establish a physical rating for each 
plant) finding an endless variety of 
sub-standard guards. So frequently 
is this the case that a special column 
is placed in the report blank for no- 
tations of this feature, and consider- 
able physical credit is lost from this 
cause, when as a matter of fact a 
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The use of approved types of safe- 
guards reduces the accident 
premium. 


Whenever an inspector for a liability 
insurance company inspects a plant he 
always records whether the guards fol- 
low the approved standard and if so 
the plant receives recognition in re- 
duced cost of insurance. The sketch 
here shows standard w construc- 
tion of railings and toeboards for 
stairways and platforms. This is one 
of the many standards which have 
been worked out by the engineers of 
the insurance companies and are avail- 
able for those who wish to follow them. 


fully standard guard would not re- 
quire any more labor and little more 
material to fulfill all requirements. 

These standards have been a mat- 
ter of steady growth. Starting in 
Europe, almost with the development 
of power machinery, they have con- 
stantly been revised and adjusted 
not alone on theory or fancy of the 
compilers and inventors—but step 
by step as human suffering and sac- 
rifice has pointed the way. 

Human fallibility recorded in acci- 
dent analysis shows failure of the 
human mind repeatedly under the 
same conditions, or at similar points 
in a process. Accidents at first at- 
tributed to negligence come to be so 
often repeated as to indicate the nor- 
mal human reactions. No further 
argument is necessary. The process 
should be changed or the machine 
guarded. 

Besides the aid to be had from the 


e 


The above standard recom mendations for belt guards 
may also be used for rope drives. 
The table above shows the standards from which the guards 


at left may 


be made, as approved by the American Mu- 


tual Liability Insurance Company, Boston, Mass. 
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Industrial Safety Standards and ex- 
isting codes, a great deal must be 
accomplished through the applica- 
tion of common sense and inventive 
genius. 

Stamping presses, for instance, 
require a different guard for almost 
every change of set up, as far as the 
finger hazard or point of operation 
is concerned. Yet, guards are every- 
where more generally used, and we 
find automatic feed and throw-out 
devices of a most ingenious order de- 
veloped in some plants, making an 
accident practically impossible and 
greatly speeding production. Inten- 
sive study is necessary. Accidents 
with this equipment are not always 
caused by carelessness on the part 
of the employee. 

Particular attention should be 
given to the guarding of the parts of 
machinery in motion which are of 
easy access, on aisles or corners or 
in narrow alleys where machines 
have been crowded together. Guards 
should prevent contact with moving 
parts, either from persons falling 
against them, backing into them or 
reaching through them, so that 
where necessary to place guards 


near points of dangerous contact the - 


mesh or apertures through the 
guard must be correspondingly 
small, according to the distance of 
the guard from the point of danger. 

Materials used depend frequently 
upon what is available. Considera- 
tion should be given to dust-collect- 
ing tendencies of partially closed 
places and consequent fire hazard, to 
the stability of the material to with- 
stand damage from trucks and mov- 
ing material and to corrosion in acid 
atmospheres. 

In addition to moving equipment, 
which incidentally accounts for only 
one-fourth to one-third of all acci- 
dents, the next most important con- 
sideration might be given to so- 
called openings in walls or floors, and 
the need of handrails on all stairs of 
three or more risers. Even though 
wall openings in upper stories may 
be used only occasionally, they 
should have an auxiliary gate hinged 
and latched in place, when opened in 
summer. 

Elevators, machines, gears and 
shaftways have many special guards 
and special requirements, which 
vary somewhat in different states. 
Requirements of state codes should 
be compared in all cases. 

In considering the safety of indi- 
vidual machines and for insurance 
rating purposes, they should be re- 
garded from three aspects: First, 
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the means of applying power, belts, 
shafts or gears; second, so-called 
“other moving parts”; and third, in 
the case of over 100 specific ma- 
chines, the “point of operation.” 
Proper guarding will yield credit in 
each of these three particulars, and 
if to be guarded at all it is well 
worth the effort to fulfill the simple 
requirements of the Industrial 
Safety Standards so accurately that 
credit may be obtained, as in the 
lately revised schedule rating plan 
“point of operation” is given the 
largest consideration. 


VALUE OF INSPECTION IN ACCIDENT 
PREVENTION AND MAINTENANCE 


But things unseen are at times 
more potent than those visible. 
Wear-and-tear bores from within as 
well as from without, and the art of 
foreseeing latent defects and wear 
before they become serious and kill 
someone or stop the plant, is a more 


Vol.82, No.10 


important part of maintenance work 
than making repairs after the dam- 
age is done. 

How shall latent defects and fail- 
ure be determined? It is vital that 
a systematic procedure be estab- 
lished. Programs of inspection at 
regular intervals are part of all up- 
keep as well as periodic oiling, peri- 
odic testing and adjustment of nuts 
or fastenings and periodic overhaul- 
ing of all machines. Inspections of 
boilers, elevators, fly wheels, tur- 
bines and fire equipment are simi- 
larly important features, but why 
stop there? Unless the factory is so 
small that outside labor is called in 


This standard form is recommended 
for reporting safety inspections. 


This questionnaire type of report is 
Similar to that used by the inspectors 
for the insurance companies. Plant 
men will find it useful in that it shows 
what is to be looked for and so de- 
creases the possibility of overlooking 
important hazards. The reverse of the 
form is reproduced on the opposite 
page. 


QUESTIONNAIRE 
Plant Safety Inspection Report 


This form to be used in reporting inspections made by Safety Inspector (weekly), The Workmen's Committee (monthly), General Com- 


mittee (monthly). Original to be kept on file. 


The man or men assigned to the safety work in this plant shall familiarize themselves with the requirements of the Handbook of Indus- 
trial Safety Standards and shall make u thorough inspection of the entre plant at the required intervals; examine carefully the condition of all 
buildings, stairs, fire appliances. boilers, engines, transmission machinery, belts, jes and working machines: note carefully the condition of 


present guards and give special attention with the view of installing additional ss 


of additional rules, also look for unsafe practices. 
questions are only for your guidance. 


eguards, Note carefully the violation of safety rules and need 


New recommendations must be wntten out in full in space provided under each heading. The 
Make recommendations covering all unsafe conditions that it is practical to eliminate. 


Recommendations shall be numbered consecutively beginning a new series cach year. 


Name of Assured... once cece rert anoe roms erso sete sree seca renren sue rrarena 


Names of 
Inspectors 
or 


Committee 
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. Date of Inspection ese eae cee eae 
lores eee Date of last Inspectaann 


Fire Hasard (110): Are all fire fighting appliances ready for immediate use? Are fire exits and fire escapes clean and 


in good condition? Is plant kept free from excess inflammable waste and rubbish? (403). 


properly handled and stored? 
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Are explosive materials 
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(B) Floors (120), Floor Openings (132), Wall (134), and Holstway Openings (136): Are all openings properly guarded? 
Note condition of floors; see that flour surface is free from protruding nails. splinters, holes, slipperiness, unevenness and 
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Stairs (140): Are hand rails sufficient and substantial? Are stair treads in good condition and is light sufficient? 
Ladders: Are they in good repair; are safety feet needed? 
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Elevated Runways and Platforma (150): Are th 
rails and toe boards? Is material piled safely away from edge? 


in good condition, clear of obstructions and provided with hand- 
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(E) Transmission Equipment (320): Are oiling platforms, ladders, belts, pulleys, shafting, set screws and other pro- 
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(F) Machine Hazard (360): (a) State what guards are found not in use, and where guards should be provided. This 
should include all gears. sprockets, chains, belts, pulleys, clutches. shafting, spindles and all other dangerous revolving 
or reciprocating parts. (b) Are there any points of operation on these machines which can be more fully guarded? 
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To be kept on file at plant and shown to the Rating Inpector when he calle. 
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for pick-up or overhauling, some 
further program is necessary. 

When a spirit of intelligent regard 
for modern methods of accident pre- 
vention is active within the plant, 
due consideration is given to the 
guarding of all new equipment. It 
is generally much cheaper to buy a 
machine with the guards provided 
than to endeavor to supply them 
later. All machine makers have con- 
sidered the safety of their machines, 
and if safeguards are specified the 
full standard of protection may be 
secured. 

A surprising number of loose ends 
are allowed to take care of them- 
selves until someone steps through 


This is the remainder of the ques- 
tionnaire plant safety inspection 
report shown on the opposite page. 
It is recommended that these reports 
be made weekly by a safety inspector 
for the plant, and by a workmen’s com- 
mittee and a general committee 
monthly. à 
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a hole in the floor or into a vat; 
and his contributing negligence is 
blamed rather than lack of syste- 
matic pick-up. 


QUESTIONNAIRE METHOD OF REPORT- 
ING PLANT INSPECTIONS 


A brief questionnaire, similar to 
the one reproduced here, for this 
purpose has been in use for several 
years past by all Compensation Com- 
panies or Bureaus. A questionnaire 
foarm of inspection report is neces- 


“sary in order to obtain a comprehen- 


sive view of the entire subject. A 
special form applicable to the par- 
ticular plant should be made up 
where considerable difference exists, 
omitting items which do not apply 
and adding or amplifying others 
which do. 

Recommendations for all repairs 
should be entered in respective head- 
ings and numbered, and where suffi- 
cient recommendations result a sep- 


(G) Elevators and Other Hoisting Equipment (170): Note condition of signal system, cables, safety devices. gates, 
car and shaftway protection, car and landing lighting. 
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(H) Power Traveling (Bridge) Cranes (160): Note condition of foot walk. railing ladders and safety appliances. Is signal 
used to guard workmen? Are chains, slings and hoist cables inspected? 
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(1) Electrical Equipment (212): Note condition of switchboard, transformers, wiring and controlling and operating 
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leggings—are they available? 


(O) Aceidents Investigated: 
Date 


Recommendations Should Be Numbered Consecutively in This Column 
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apparatus and see that they are properly protected or isolated. 
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(J) Boilers, Pressure Apparatus (200), Steam, Gas and Oil Engines (300): How often blown down and washed are 
safety valves and water gauges tested daily—arc speed limits of engines tested daily? Are moving parts safeguarded? 
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(K) Handling Material: Trucking passageways, light. obstructed view at comers. railroad access. hoists needed, piling 
and storing, yard conditions, nails, glass, sharp edges, hand tools, acids, caustics, gases, dusts. 
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(L) First Aid: Note if sufficient supplies, cleanliness, easy access, stretcher. Goggles, respirators, foundry shoes and 
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(M) Sanitation: Note light, windows clean, lamps need shades, ventilation, drinking water, washing facilities, clothes 
lockers. condition of toilets, cuspidors. General housekeeping. 
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(P) Recommendations Summarised. Individual Numbers Total 
1. Submitted. 
Hi. Completed. 
III. Under progress. 
W. Not begun. 
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plishment. 
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arate list should be kept which can 
the more readily be followed up and 
checked off as the work is completed 
and with which the order slips to 
various repair departments may be 
compared. 

With the “old timer” it is much 
easier to go out with a hammer and 
eliminate the difficulty at once, 
rather than to report it, and only an 
occasional record results. This fails 
in the purpose of developing interest 
in work accomplished and in devel- 
oping a record which can later be- 
come the basis of estimate of future 
maintenance requirements which be- 
come more and more important as 
the age of the plant increases. 

There is also a habit of refraining 
from reporting items requiring un- 
usual consideration, such as, light- 
ing, ventilation, re-arrangement of 
machines as well as structural build- 


‘ing changes. There is a feeling that 


the record will look bad or that it 
would be useless to record items be- 
yond the reach of immediate accom- 
This is an erroneous 
point of view, as these ideas will be 
invaluable when the opportunity 
comes for larger development. 

With the foregoing record made 
at least weekly in plants involving 
manufacturing hazards and employ- 
ing over a hundred employees, a 
very considerable start has been 
made toward the accident control 
plan which has been applied most 
successfully in a great number and 
variety of industries. 


WHV IT Is NECESSARY TO Do MORE 
THAN PROVIDE SAFEGUARDS 


It has been long known that after 
the fundamental guarding has been 
accomplished something more was 
necessary to prevent accidents, as 
only one-fourth to one-third of all 
accidents might be attributed to ma- 
chines. A brief consideration of the 
various causes of accidents shows 
that the workmen need instruction in 
the dangers of their work; that the 
thoughtless should be reminded and 
that in order to obtain the co-oper- 
ation of the workers in an effort to 
save them from suffering, their ac- 
tive participation in an accident pre- 
vention routine is necessary. 

The full plan of accident control 
or safety organization, as developed 
in the Industrial Safety Standards, 
has warranted a direct reduction in 
schedule rate of 5 to 15 per cent. 
This credit is only a preliminary 
benefit, as through reduction of 
losses the experience features of the 
present rating plan allow credit for 
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One of the first steps in accident 

prevention is to make an analysis 
of the causes of accidents in your 
e as is done for an industry 
ere. 


The prevention of accidents from non- 
mechanical causes may best be ob- 
tained through education and training 
of the men in the importance of safety 
because the larger proportion are the 
result of carelessness and so cannot be 
prevented by safeguards. Part of the 
accidents from mechanical causes can 
be prevented by guards but here edu- 
cation is also important. “The best 
safeguard is a careful man,” is an 
axiom of industrial accident preven- 
tion. Handli material is the largest 
single cause of accidents. 


reduced accident loss amounting in 
some cases to 40 or 50 per cent. 

Plans for safety organization are 
developed according to the size of the 
plant based on the number of em- 
ployees, and generally center about 
the maintenance departments. Plants 
containing up to 150 employees, with 
normal manufacturing dangers, re- 
quire a Supervisory Committee in 
addition to the weekly inspections 
previously described. Supervision 
of maintenance would exist in any 
case, and for the purposes here con- 
templated it is required that a com- 
mittee of three or more of those in 
authority meet once a month and re- 
view inspection reports and acci- 
dents and authorize action. 


MANAGEMENT AND EMPLOYEES MUST 
BoTH SHOW INTEREST IN SAFETY 


An interest in, or special consider- 
ation of, safety at least once a 
month, on the part of the manage- 
ment, is a condition quite as neces- 
sary as the interest of the workers. 
In plants up to 500 employees, a 
monthly inspection by the Commit- 
tee (or by selected members of it) 
should be added and some method 
should be used at least twice a year 
to speak to the employees in groups 
or as a body, on accident prevention 
questions. 

Credit for organization in plants of 
over 500 employees, substitutes a 
Workmen’s Committee of inspection 
for the single committee. Other de- 
tails are retained. 

The primary requisite for reduced 
cost of accidents is a well-kept plant. 


Savings made in two departments 
as a result of organized safety 
work. 


The shaded area shows the reduction 
in premium for liability insurance in a 
textile mill after safety had been con- 
ducted on an organized basis. The top 
line A of the shaded area represents 
the amount of insurance at the manual 
rate for average safety conditions. The 
lower line B of the shaded area shows 
the actual premium paid after the 
safety work was put on an organized 
basis. The actual savings in dollars 
are ayon just below and are repre- 
sented by the shaded areas. 
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Analysis of Lost Time from Accidents in Machine Shop 
Industry—No Foundry 


TOTAL OF 2/33 LOST TIME ACCIDENTS INVOLVING 36,593 DAYS LOST 
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That means systematic maintenance. 
last and the repair man is obliged to 
“run in” the guarding of machines 
Too often safeguarding is left to the 
here and there when he gets a 
chance after supposedly more impor- 
tant machine changes have been 
made. He will do what he is told in 
all events and it depends on manage- 
ment to set up a definite system that 
will follow up safety a 
tions. 


nit 1 


’ 4 
ut Gopas : 


--7,53 % 


-2.18 % 


. % 
Total Mechanical Causes_..........-.2803% 


10.58% of Total Days Lost Due 
to /nfection Ces 
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oe e l. e 
16 Days Lost Due | 
to Loose 25 2 


4.11 % 


After that, with a lowered ratio of 
mechanically caused accidents, it is 
time to attack the non-mechanical 
accidents through education, but al- 
ways and forever there will be that 
need of inspection, follow-up and re- 
pair—the duty of maintenance. The 
repair man stands in the way to off- 
set the ever-rising tide of the cost of 
industrial accidents, if you give him 
a chance. The responsibility rests 
with the management. 
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Methods of 
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Laying Out Wave 
Windings for A.C. Motors 


Complete With Diagrams Showing Windings at 
Different Stages of a Job Together With Details of 
Series-star and Series-delta Connections and How 
The Coils and Sections may be Paralleled 


By A. C. ROE 


Renewal Parts Engineering Department, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh Pa. 


HE previous article in the 

September issue explained how 

to lay out and construct two- 

layer wave windings for two-phase 

and single-phase stators. The con- 

struction and rules as applied to 

three-phase windings of this type, 
will be taken up in this article. 

We will first lay out a series-star 
winding for a four-pole, three-phase 
stator having twenty-four slots and 
twenty-four coils. As was done in 
the previous article, the data and cal- 
culation will be tabulated as follows: 


(1) Number of slots—24 
(2) Number of phases—3 
(3) Number of poles—4 
(4) Number of coils—24 


The first four items are taken from 
the data given in the description of the 
winding in the preceding paragraph. 

(5) Number of coils per slot equals 
total number of coils divided by total 
number of slots, or 24 24 =1 

(6) Number of sections, according 
to Rule 3 (given in the box on page 
486) will be equal to twice the number 
of phases, or 2X 3=6 

(7) Number of coils per section 
equals total number of coils divided by 
total number of sections, or 24 6 2 4 

(8) Number of coils in a series, ac- 
cording to Rule 1, is equal to one-half 
ies oe of poles in the winding, or 

(9) Number of series of coils in a 
section equals number of coils per 
section (see item 7) divided by number 
of on Bi a series (see item 8), or 
4 — 2 = 

(10) Number of coil groups, accord- 
ing to Rule 4, equals number of phases 
times number of poles, or 3 X 4= 12, 
making twelve pole-phase groups 

(11) Number of coils per group 
equals total number of coils divided by 
the total number of groups, or 
24—-12—2 

(12) Number of coils per phase 
equals total number of coils divided by 
number of phases, or 24—3=8 

(13) Winding pitch equals total 
number of slots divided by half the 
number of poles, or 24 — 2 = 12; that 


4 


is, the total winding pitch will be 
1-and-13 

(14) The back pitch is equal to one- 
half the winding pitch, or 12 2 = 6, 
which is a back pitch of 1-and-7 

(15) The front pitch is equal to the 
total winding pitch minus the back 
pitch, or 12 6 = 6, which is a front 
pitch of 1-and-7. 

The winding resulting from the 
above data and calculations, and in 
particular from items 6, 7, 8 and 9, 
will have two sections per phase or 
a total of six sections, each section 
having four coils arranged in two 
series of two coils each. A left-hand 
winding will be laid out. 

The first step is to draw the four 
circles and slots as was explained for 
a two-phase winding in the previous 
article. These four circles are shown 
in light lines in Fig. 1. The two 
inner circles are to mark the limit of 
the slots and the two outer circles 
are to mark the limit of connec- 
tions between slots. Since there are 
two coil sides in each slot for this 
winding, two lines are drawn in each 
slot, the bottom coil side being repre- 
sented by a dotted line and the top 
coil side being represented by a full 
line. Starting with a top coil half 
or conductor in any slot, say slot 2, 
draw in the lead A: as shown in 
Fig. 1. 

Counting in a clockwise direction 
from slot 2, a distance equal to the 
back pitch of 6, we arrive at slot 8. 
Slots 2 and 8 are to be connected on 
the back by the connectors as is 
shown in the diagram. The bottom 
coil half is used in slot 8. Counting 
in a clockwise direction from slot 8, 
a distance equal to a front pitch of 
6, we arrive at slot 14. The front 
end of the bottom coil half in slot 
8 and the front end of the top coil 
half in slot 14 are to be connected as 
is shown in the diagram. In a simi- 
lar manner we connect the back end 
of the top coil half in slot 14 with the 
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THIS is the second of a series 
of articles on alternating-cur- 
rent wave windings. The 


first article, which was pub- 
lished in the September issue, 
explained how to lay out and 
construct a wave winding for 
two-phase and single-phase 
stators having two-layer wind- 
ings. This article explains 


how the construction and 
rules are applied to three- 
phase windings of this type. 
Winding more than two coils 
per cell and methods of par- 
alleling coils are also dis- 
cussed. A succeeding article 
will give short-cut methods 
and tabulations of data for 
use in laying out this type of 
winding. 


back end of the bottom coil 
half in slot 20. This is the end 
of the first series of two coils in the 
first section of the first or A phase. 
Since there is always a short pitch 
between the end of one series and 
the beginning of the succeeding se- 
ries, the front end of the bottom 
coil half in slot 20 is connected to 
the front end of the top coil half 
in slot 1 as is shown in Fig. 1. 
These two coil sides are a short pitch 
of five slots apart. 

Continuing on through the second 
series and using a front pitch and 
back pitch of 6 we connect slots 1 
and 7 on the back, slots 7 and 13 
on the front, and slots 18 and 19 on 
the back and carry the front end of 
slot 19 to R.. This is all shown in 
Fig. 1. This finishes the first sec- 
tion of the A phase. 

The location of the R. lead, that 
is, the end of the first section, could 
have been determined from Rule 7. 
According to this rule the R: lead 
will fall behind or ahead of the A: 
lead and a number of slots that is 
equal to the front pitch plus one less 
than the number of coils per group; 
that is, in the case of this winding 
the Ri lead will be a distance away 
from the A: lead, measured in a 
counter-clockwise direction, of 
6+2-1=7 slots. Counting in a 
counter-clockwise direction from the 
slot in which the A: lead is con- 
nected, that is, slot 2, a distance of 
seven slots, we arrive at slot 19 
which, as we found before, was the 
location of the Ri lead. 

The R: lead, that is, the start of 
the second section, can be located by 
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Figs. 1 to 6—Progressive stages in 
the construction of a four-pole, 
three-phase, series-star wave wind- 
ing for an induction motor. 


This winding is a two-layer winding 
having twenty-four slots and coils with 
two sections per phase, each section ar- 
ranged in two series of two coils each. 
The first section of the A phase is 
shown in Fig. 1. The A phase has 
been completed in Fig 2. Fig 3 shows 
the A phase together with the first sec- 
tion of the C phase. Fig. 4 shows the 
A and C phases complete. 
the first section of the B phase has 
been added. Fig. 6 shows the complete 
winding diagram for the stator. 


means of Rule 8. According to this 


rule, the R: lead will fall in a slot 
that is a distance of one front pitch 
or six slots, measured in a counter- 
clockwise direction, from slot 19; 
that is, it will fall in slot 78. This is 
shown in Fig. 2. 

According to Rule 9, for this 
winding the A: lead will be located in 
a slot that is one front pitch, mea- 
sured in a counter-clockwise direc- 
tion, from A. Counting a distance 
of six slots in a counter-clockwise 
direction from slot 2, we arrive at 
slot 20, which is the location of the 
A: lead. According to Rule 10, 
since A: connects to a top conductor, 
A: will also be connected to a top 
conductor; therefore, A: will connect 
to the top conductor in slot 20. 

There are several considerations 
affecting the determination of the 
starting point of the next phase. 
Since there are twenty-four slots and 
four poles there will be 2446 
slots per pole. Of the six slots for 
each pole, two slots will be occupied 
by the A phase, two by the B phase 
and two by the C phase. All of 
these slots must have the same pol- 
arity; that is, at any one instant 
the current must be passing through 
all six slots in the same direction. In 
Fig. 2, the A phase was started in 
slot 2. The direction of flow of the 
current is taken to be into the wind- 
ing on the lead 41; hence the ar- 
rows on A: and the top conductor in 
slot 2 will be in the direction shown. 
Tracing through the remaining slots 
of the A phase the arrows are placed 
in the A-phase slots in the direc- 
tion of travel, as is shown in Fig. 2. 
This determines the instantaneous 
polarity of all the A-phase slots. 

In a three-phase winding, the in- 
stantaneous polarity of the phase 
leads A., Bi, and Ci, must be such 
that any two of them are leading 
into the winding and the remaining 
one leads out. That is, if A: leads in 
and we make Bi lead out, then Ci 
must lead into the winding. Or, if 
A. and Bi lead in, then Ci leads out. 
If A: leads out then Bi and Ci must 
lead in. In this winding we will take 
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‘the direction of flow such as to make 


the A: and Cı leads go into the wind- 
ing. Consequently, Bi must lead 
out of the winding. 

In a three-phase winding we will 


- have twelve leads in all: a start and 


a finish for each phase, which ac- 
counts for six leads; and two re- 
versing jumper leads (Ri, R:, R., etc.) 
for each phase, which accounts for 
the other six. In a four- or six-pole 
machine it will be impossible to ar- 
range the winding so as to prevent 
the crossing of these twelve leads; 
hence, the starting leads of the 
phases are placed as close together 
as conditions will permit. Since the 
A: lead is in slot 2, we will place the 
Cı lead as close to it as possible. 

Based on the conclusion of the 
two preceding paragraphs we may 
start the C phase in slot 24, or in 
slot 6. If the phase is started in 
slot 24, slot 28 will be the other slot 
for the C phase in the pole group 
that includes slots 1 and 2. Like- 
wise, if the C phase is started in slot 
6, slot 5 will be the other slot for 
the C phase in this pole group. Slots 
3 and 4 are reserved for the B phase 
so as to keep the phases in order; 
that is, in the order A, B, C. 

We will start the C: lead in slot 
6. Then R., according to Rule 7, will 
be a distance of 6+2-1=7 slots, 
measured in a counter-clockwise di- 
rection, from slot 6 (that is, the 
slot to which the Ci lead connects). 
Counting seven slots in a counter- 
clockwise direction from slot 6 we 
arrive at slot 28, which is the loca- 
tion of the slot to which the R. lead 
connects. According to this same 
rule R. will connect to a bottom con- 
ductor. This is shown in Fig. 8. 
According to Rule 8, R. will be six 
slots, measured in a counter-clock- 
wise direction, from slot 28, that is, 
in slot 17, as is shown in Fig. 4, and 
will be connected to a bottom conduc- 
tor. According to Rules 9 and 10, 
the finishing lead C: will connect to 
a top conductor located in a slot that 
is six slots, measured in a counter- 
clockwise direction, from slot 6 
(slot with which C: connects) ; that 
is, C: will fall in slot 24. Fig. 4 
shows the C phase drawn in com- 
plete. 

We could have started the C phase 
in slot 24, slot 12 or slot 18, instead of 
slot 6. Having selected slot 6 and 
because we have said that A: and B. 
must have the same instantaneous 
polarity, that is, both of them will 
lead into the winding, then slots 1, 
2, 8, 4, 5 and 6 must all be of the 
same polarity and constitute one pole. 
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If we had started the C phase in 
slot 24, we would have made slots 
28, 24, 1, 2, 8 and 4 the same polar- 
ity. Having decided that slots 1 to 
6 inclusive form one pole, then it 
follows that slots 7 to 12 inclusive 
form another pole, slots 18 to 18 in- 
clusive form the third pole and slots 
19 to 24 form the fourth pole. We 
know the polarity of slots 1 to 6 be- 
cause A: and Cı must lead into the 
winding. The arrows in the slots in 
Figs. 1, 2 and 3 indicate the polarity 
of the slots in which we have wound 
the A and C phases. Since we know 
the slots in each pole group and that 
all slots in a pole group must be of 
the same polarity and also that adja- 
cent poles must be of opposite polar- 
ity, it is easy to draw in the arrows 
indicating the polarity of each slot. 
This has been done in Fig. 4. 

This diagram shows that the slots 
remaining for the B phase are slots 
3, 4, 9, 10, 15, 16, 21 and 22. The 
winding cannot be started in slots 
3, 4, 13 or 14 because we have said 
that the B: lead must have the op- 
posite polarity from A: and C: and 
hence, must lead out of the winding. 
This leaves slots 9, 10, 21 and 22. 
Slots 9 and 21 can be disregarded be- 
cause the second series of coils will 
fall in these slots. Slots 10 and 20 
remain for the start of the B phase. 
The conclusion may be drawn from 
this that once we have selected the 
starting point of two phases, we 
have only two places left in which we 
can start the third phase in a four- 
pole machine, three places in a six- 
pole machine, and so forth. | 

We will choose slot 10 as the start 
of the B phase; hence the Bi lead will 
connect to a conductor in slot 10. 
Since we have started the A: and the 
Ci lead in top conductors we will 
have to connect the B: lead to a top 
conductor. The first section of the B 
phase is shown in Fig. 5. Accord- 
ing to Rule 7, Rs will be a distance 
of 6+2-1=7 slots, measured in a 
counter-clockwise direction, from 
slot 10 and will connect to a bot- 
tom conductor. Counting seven slots 
in a counter-clockwise direction from 
slot 10 we arrive at slot 3 which is 
the location of Rs. This is shown in 
Fig. 5. According to Rule 8, R. will 
be six slots, measured in a counter- 
clockwise direction, from slot 3; that 
is, in slot 21 and will connect to a 
bottom conductor in that slot. This 
is shown in Fig. 6. According to 
Rule 9, B: will be located in a slot 
that is six slots, measured in a coun- 
ter-clockwise direction, from slot 10; 
that is, in slot 4. According to Rule 
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These Rules for Laying Out Wave Windings Were Derived 
in the First Article of this Series 


Rule 1—The number of coils in a 
series is equal to one-half the num- 
ber of poles in the winding. 

Rule 2—The number of series of 
coils equals the number of slots per 
pole per phase, which is equal to 
the number of slots divided by the 
number of poles and this result 
divided by the number of phases. 

Rule 8— The number of sections 
equals twice the number of phases; 
that is, each phase will have two 
sections. 

Rule 4—The number of coil 
groups is equal to the number of 
poles multiplied by the number of 
phases. 

Rule 5—Between the starting and 
finishing leads of each section there 
will occur a number of short 
pitches equal to one less than the 
number of slots per pole per phase. 

Rule 6—The reversing jumper 
lead (that is, Ri, Ra, Rs, R., Rs, etc ) 
and the finishing lead of the phases 
(that is, 4», B., C.) are on the left 
of their respective phase starting 
lead (that is, 4,, B., Ci), for a left- 
hand winding and on the right for 
a right-hand winding. 

Rule 7— The first reversing 
jumper of a phase (that is, R, for 
A phase, R, for B phase, or R, for 
C phase) will be located in a slot 
that is a number of slots from the 
phase starting slot (.4:, Bi, or Ci, as 


10, B. will connect to the top conduc- 
tor in that slot. 

The ends of the three phases, that 
is, A:, B: and C: are connected to- 


the case may be) equal to the front 

itch plus one less than the num- 

er of coils per group, measured in 
a counter-clockwise direction for a 
left-hand winding and measured in 
a clockwise direction for a right- 
hand winding. Also, if the start- 
ing lead (A., B., or Ci) goes to a 
top conductor, then the reversing 
jumper lead is connected to a bot- 
tom conductor. 

Rule 8—The second reversing 
jumper lead for a given phase (R., 
R., or R.) is connected to a bottom 
coil half or conductor when the 
first reversing jumper is connected 
to a bottom conductor and vice 
versa, and is spaced one front pitch 
measured in a counter-clockwise 
direction from the first reversing 
jumper for a left-hand winding and 
measured in a clockwise direction 
for a right-hand winding. 

Rule 9—The finishing lead of a 
phase (4: B., or C.), will connect 
to a conductor located in a slot that 
is one front pitch from the starting 
lead of that phase and is measured 
in a counter-clockwise direction for 
a left-hand winding and in a clock- 
wise direction for a right-hand 
winding. 

Rule J0O—If the starting lead of 
a phase connects to a top con- 
ductor or coil half, then the finish- 
ing lead of that phase will connect 
to a top conductor, or vice versa, 


gether to form a star jumper. The 
completed winding is shown in Fig. 6. 

If we had decided to use the bot- 
tom coil halves in the slots for the 
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line and star connections, the diagram 
would have to be numbered in the op- 
posite direction to that shown in Fig. 
6, that is, the numbers would run 
counter-clockwise, but the other 
rules would hold true. 

In practice, it is not necessary to 
draw in all the coils together with 
all their front and rear connections 
as this would require considerable 
time for stators having a large num- 
ber of slots and niore than one coil 
per cell. All that is needed is a 
working diagram showing the slots 
to which the leads are connected, and 
which slot the short pitches and re- 
versing jumpers fall in. In fact, 
some manufacturers only show one 
phase, or part of a phase, and give 
the rest in slot numbers. 

Comparing Figs. 7 and 8 will give 
an idea of the amount of time that 
can be saved by not having to draw 
the complete diagram. If the total 
number of coils in a winding is 
large, the diagram can be simplified 
by just drawing the back connec- 
tions of one series of coils for one 
phase only, as is shown in Fig. 8 in 


Figs. 7 and 8—Considerable time 
and effort can be saved by making 
working diagrams instead of com- 
plete winding diagrams. 

Fig. 7 shows the complete winding dia- 
gram for a two-phase, twenty-four- 
slot, two-layer winding. Fig. 8 is a 
working diagram for the same winding. 
In this diagram the information that 
the winder needs is given directly with- 
out the necessity of tracing through a 
maze of confusing lines. 


Reversing jumpers con- 
nect only to bottom 
conductors 
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the back connections of coils al and 
a2. The reason that the back con- 
nections are not required on the dia- 
gram is that in the usual two-layer 
wave winding, the coil forms a com- 
plete unit; that is, the top and bot- 
tom halves of the coil are perman- 
ently joined together at the rear and 
thus the back pitch is permanently 
established. Consequently, all that 
need be shown is the front connec- 
tion and the proper notation. 
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Figs. 9 to 12—Working diagrams 
for two- and three-phase motors 
showing series-star and series-delta 
connections for the latter type. 


Figs. 9 and 10 are for two-phase mo- 
tors. The former is for a six-pole, se- 
ries winding having twenty-four coils 
and slots. The latter is for a four- 
pole, series winding having the same 
number of coils and slots. Fig. 11 is 
the working diagram for the three- 
phase, series-star, four-pole winding 
which is shown complete in Pig. 6. In 
Fig. 12 is shown the workin iagram 
of a series-delta connection of the wind- 
ing that is shown connected series-star 
in Fig. 11. The small sketches at the 
bottom of Fig. 12 show two ways of 
making the series-delta connection. 


Bi- » -io 
Aza „ 19 
Bz- e 


oniy to bottom conductors 


Line leads connect 
to bottom conductors 


487 


Fig. 7 gives the complete winding 
diagram for the two-phase, twenty- 
four coils and slots, winding which 
was worked out in the first article 
of this series on wave windings and 
is the same as Fig. 20 of that ar- 
ticle. Fig. 8 gives the working dia- 
gram for this same winding. The 
tabulation at the lower right-hand 
corner gives the location of the short 
pitches. This table shows that the 
top conductor in slot 2 should con- 
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Figs. 13 to 18—Diagrams showing 
different stages in making wind- 
in having four conductors per 
slolband how to make two- parallel 
star- and delta- connected windings. 
Figs. 13 to 15 show three stages in 
making a two- phase, four-pole, sixteen- 
coils-and-slots winding having four con- 
ductors per slot. Fig. 13 shows how 
the first series of coils is connected to 
the second series. Fig. 14 shows the 
first section of one phase complete. 
Fig. 15 shows a complete phase. In 
Fig. 16 is shown the working diagram 
for a two-phase winding connected 
two-parallel. Fig. 17 shows a two- 
parallel, star-connected winding, while 
Fig. 18 is the same winding connected 
two-parallel delta. 


nect to the bottom conductor in slot 
21; also the top conductor in slot J 
connects to the bottom conductor in 
slot 20, and so on. The tabulation 
at the bottom of Fig. 8 gives the lo- 
cation of the reversing jumpers and 
the starting and finishing leads of 
each phase. The information given 
in Fig. 8 is of greater help to the 
winder than that given in Fig. 7 be- 
cause in the former the winder 
would have to trace out the location 
of the short pitches whereas in the 
latter it is given to him directly and 
with less confusing lines. 

Fig. 9 shows a working diagram 
together with all the necessary wind- 
ing data for a six-pole, two-phase 
winding. This is a right-hand wind- 
ing. Notice how the slots are num- 
bered and that the rules which have 
been given before check this fact. 

In Fig. 10 is shown a working dia- 
gram for a four-pole, two-phase, 
right-hand winding having the line 
leads connected to bottom conduc- 
tors. Notice that the numbering of 
the slots in this case is the same as 
for a left-hand winding with line 
leads connected to top conductors. 

In Fig. 11 is shown the working 
diagram for the three-phase, series- 
star winding which is shown com- 
plete in Fig. 6. 

Up to the present we have considered 
windings with only one coil per cell, 
but in many cases there are two, 
three, and sometimes four coils per 
cell. These windings will give the 
winder more trouble than the single- 
coil job if he does not understand the 
method of picking up the series. 

In Fig. 13 is shown the start of a 
two-phase, four-pole winding with 
sixteen slots and thirty-two coils, or 
two coils per cell. In any one slot 
there will be two top conductors or 
straps and two bottom conductors. 
The following rule must be observed: 

Rule 11—In a left-hand winding in 
which the line leads are to be con- 
nected to top conductors, the line 
leads must connect to the top con- 
ductors on the right-hand side of the 
slot, while the reversing jumpers 
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connect to bottom conductors on the 
left-hand side of the slot. When the 
line leads connect to bottom conduc- 
tors, the bottom conductors on the 
left-hand side of the slot must be 
used and the reversing jumpers will 
connect to top conductors on the 
right-hand side of the slot. The op- 
posite holds true for a right-hand 
winding; that is, with line leads 
connecting to top conductors, use left- 
hand top conductors, and the revers- 
ing jumpers will connect to right- 
hand bottom conductors. Also, if the 
line leads connect to bottom conduc- 
tors, use right-hand bottom conduc- 
tors for line leads and connect the 
reversing jumpers to left-hand top 
conductors. 

Since the winding shown in Fig. 
13 is a left-hand winding, according 
to the above rule, we will connect the 
line lead A: to the right-hand top 
conductor in slot 2 as shown. The 
rear end of this conductor is con- 
nected to the rear of the right-hand 
bottom conductor in slot 6, for the 
back pitch is l-and-5. The winding 
continues through top and bottom 
conductors alternately, the conduc- 
tors marked a in slots 6, 10 and 14 
being used. This completes the first 
series of coils. The a conductor in 
slot 14 is connected to the start of 
the second series of coils. A full 
pitch in slots is used and the start is 
made on the b conductor in slot 2. 
We then connect up the series of b 
conductors in the same slots used 
before until we reach the bottom of 
slot 14. This completes two series 
of coils. Each slot has been passed 
through twice. 

To continue the section, we con- 
nect the b conductor to the top con- 
ductor in slot 1; that is, we drop 
one slot, making a short front pitch. 
From this we derive the following 
rule: 

Rule 12—When there is more than 
one coil per cell, we pass completely 
around the winding as many times 
as there are conductors or coil sides 
per cell before we use the short (one 
slot less) front pitch. 

Fig. 13 illustrates this rule. Fig. 
14 shows one complete section drawn 
in. Notice that the first reversing 
jumper lead R: is connected to a bot- 
tom left-hand conductor. In Fig. 15, 
the second section of the A phase has 
been drawn. Notice that R: is also 
connected to a bottom left-hand con- 
ductor and that A: is connected to a 
top right-hand conductor. The re- 
mainder of the diagram can be read- 
ily worked out from the information 
that has been given. 
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In Fig. 12 is shown a series-delta 
connection for the series-star con- 
nected winding shown in Fig. 11. 
The two small sketches at the bottom 
of Fig. 12 show two ways of chang- 
ing to the delta connection. In mak- 
ing a delta cunnection it will help 
any winder to consider the machine 
as being star connected. Then make 
a small open-star sketch as is shown 
at the bottom of Fig. 12. Then when 
making the delta connection, all con- 
fusion as to which pair of leads con- 
nects to any one line lead, is elimi- 
nated. The winding shown in Fig. 
12 is connected as is shown in the 
lower right-hand schematic sketch in 
the same figure. In both the work- 
ing diagram and the schematic 
sketch, the end of the A phase, A: 
is connected to the start Ci of the C 
phase; that is, the top conductors in 
slots 24 and 6 go to one line lead. 
The end C: of the C phase is con- 
nected to the start, B: of the B phase; 
that is, the top conductors in slots 
10 and 20 are connected together to 
the second line lead. The end, B:, of 
the B phase is connected to the start, 
A, of the A phase; that is, the top 
conductors in slots 2 and 4 are con- 
nected to the third line lead. 

This winding might also have been 
connected series-delta in the manner 
shown in the schematic sketch at 
the lower left-hand corner of Fig. 12. 
In this sketch the start, A:, of the A 
phase is connected to the finish, C:, 
of the C phase; that is, the top con- 
ductors in slots 2 and 20 are con- 
nected to one line lead. The start, 
Cı of the C phase is connected to the 
end, B, of the B phase; that is, the 
top conductors in slots 4 and 6 are 
connected to the second line lead. 
The start, B:, of the B phase is con- 
nected to the finish, A:, of the A 
phase; that is, the top conductors in 
slots 10 and 24 are connected to the 
third line lead thus forming the 
closed delta. Hence, in constructing 
a delta-connected winding diagram 
it can be seen that the first part of 
the procedure is the same as for the 
star-connected diagram. Letter the 
start of each phase 41, Bi, Ci and the 
finish of each phase should be let- 
tered A:, B:, C:. Then after con- 
necting the phases together as was 
shown in the schematic sketches of 
Fig. 12, the winding should be 
checked for polarity. As was stated 
before in this article, the instantan- 
eous polarity of the phases should 
be such that any two phases will lead 
into the winding, while the remain- 
ing phase leads out. That is, if ar- 
rows are (Continued on page 507) 
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N THE interest of con- 

tinuous service, periodi- 
cal inspection of the indus- 
trial substation is a matter 
that deserves more atten- 
tion than it usually gets. 
When energy is purchased, the responsibility for such 
work naturally falls upon the power supply company; 
but whether inspection of substations is done by out- 
siders or by the maintenance organization of an indus- 
trial works, there should be a thorough understanding 
of what such work involves on the part of the repair 
staff. The essential points of electrical inspection read- 
ily occur to anyone familiar with this class of equip- 
ment, but it is always helpful when the industrial 
maintenance organization “plays close” to the central 
station engineer in this regard. 

It seems to be a fact that there are poor and good 
methods of doing inspection work, like taking oil 
samples, finding out how to store transformer oil, 
testing lightning arresters and other apparatus, and so 
on. In some localities it is now the practice to make 
a “fine-toothed comb” inspection of industrial substa- 
tions once or twice a year, in addition to weekly or 
even daily superficial inspections associated with clean- 
ing floors and grounds, and preventing the accumula- 
tion of dust and dirt on gauges, meters, relays and other 
equipment. The determination of the proper length 
of the period between inspections of various types 
should not rest on mere chance, but should be the re- 
sult of a careful study of local conditions which co-ordi- 
nates the tasks of the electrical operating and mainte- 
nance forces with the primary object of preventing 
service failures and accidents. 

Where an industrial plant has a number of such 
substations, adequate records are important and a 
leaf may well be borrowed from the central-station 
book in checking up procedure. The practice of making 
first-hand inspection records on stiff cards and later 
transferring these into a log book kept in a sectional 
binder has much to commend it. Data can be classified 
in this way for quick reference and if the log book car- 
ries a schedule of the inspection work due on each sub- 
station at different dates, it will help to insure prompt- 
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ness in covering the installations. Opinions differ as to 
the wisdom of including meter readings, records of the 
height of oil and operating history in the condition 
sheets; but without branching off into this detail, the 
point may be made again that a systematic effort to 
standardize and co-ordinate such work with provision 
for destroying unimportant records after a year or so 
of service deserves the attention of maintenance men. 


—— = 


NSWERING the big 

question, What kind 
of apparatus shall we in- 
stall at the motor side of 
the mill coupling?“ L. A. 
Umansky said in a paper 
presented to the Association of Iron & Steel Electrical 
Engineers at their annual convention at Pittsburgh, 
Pa., The primary purpose of any mill is to roll steel— 
the more of it the better. There is no use comparing 
costs of several systems of electric drive without test- 
ing their effect on the mill output; the most economical 
drive is not the one that has the lowest cost, but the 
one that costs the least per ton of steel rolled. The 
cost of electrical equipment is only a part of the cost of 
the whole mill; one is truly wise who pays more for a 
part in order that he may save on the whole.” 

This is also true in selecting the form of power 
drive for any industrial application. How often is it 
the case that a makeshift drive is installed in order that 
use may be made of an old spare motor of the wrong 
speed for the application, and thus save the cost of a 
new motor? How often do we place an open motor in 
a location that demands a mill-type motor just to save 
the added expense of the more rugged enclosed motor? 
How often does one put up with a large manual con- 
troller where an automatic controller would give more 
convenient and speedier operation? One might go on 
at great length in citing such examples. 

The deciding point, however, in determining a drive 
installation is not its first cost, nor how easily it can 
be maintained but—is it the most economical from 
the standpoint of amount of product it will produce in 
a given time? As Mr. Umansky says, “It is far better 
to spend a little more time with pencil in hand, making 
a complete preliminary study of the subject, than to 
make a rash and possibly wrong decision and then pay 
for it in tons of steel that might have been rolled.” 


— F— 


N THE discussion of 

maintenance procedure 
at a meeting of the Associ- 
ation of Iron and Steel 
Electrical Engineers in 
Pittsburgh last month, a 
superintendent of a large plant dropped a pearl of wis- 
dom when he said, Don't try to be a manufacturer.“ By 
this he meant that costs and facilities to produce parts 
should be carefully considered before deciding to make 
them for repair work on standard motors. 

The case of making bearing metal was cited. On 
this he said that although it may be known what the 
analysis of the metal should show, it’s quite another 
thing to put all the ingredients together and get what 
you expect. This is the business of manufacturers of 
bearing metals and since reliability of motor service is 
the thing the mill expects of its repair force, it is poor 
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policy to gamble with the quality of bearing metal by 
experimentation. Such procedure is usually expensive 
at best. In the matter of making coils, too, without 
good coil-winding and pulling equipment, the cost of 
coils for machines other than obsolete types is worthy of 
thoughtful study. 

Again, the substitution of materials in repair work 
requires more than guessing. Before a change is made 
in insulating materials, varnish and the like used by 
the original manufacturer, much experience or consulta- 
tion with other repair men should be the course fol- 
lowed, rather than depending upon experiments with 
this and that material, for at best a rewind job costs 
money and a failure at the wrong time may increase 
this cost to a point where expediency and a hurry-up job 
are more costly than a complete new motor. 

While there are exceptions to all rules based upon 
experience and a thorough knowledge of the work be- 
ing done, it is a good plan to confine repair work in a 
mill or factory to that class of repairs frequently re- 
quired and go to the manufacturer for the special re- 
pairs and parts that call for particular manufacturing 
facilities or an expert knowledge of the requirements 
of their machines. 


— —— 


PEAKING before the 
Chicago Chapter of 
the Society of Industrial 
Engineers, Guy H. Rumpf, 
Works Manager of Joseph 
T. Ryerson and Son, Inc., 
expressed’ in the following words some viewpoints re- 
garding the authority and responsibilities of foremen 
that are of interest both to executives and to those who 
work in the ranks: 

It is not necessary for the President, General Manager 
or Superintendent to understand the details of each par- 
ticular machine or part of production. It is, however, 
essential that the foreman be capable of operating every 
machine and doing each piece of work in order that he 
may demonstrate to the men, whenever necessary, that his 
instructions can be carried out. Men have confidence in 
such a foreman and produce the best results. 

There should be one line of authority and this should 
come through the foreman. A foreman is held responsible 
for the production of his department and in order that he 
may produce the results desired he must have the necessary 
authority. * * * a 

A superintendent or foreman should stand for his own 
mistakes. He should give instructions, expecting that they 
will be carried out and if they do not produce the proper 
results he should take the blame himself. Even though 
the foreman or superintendent may make mistakes, as long 
as he does not attempt to blame the workmen or someone 
else reporting to him, the men will retain their confidence 
and respect in their superior. l 

Important as these principles are in the conduct 
of the production departments, they are probably of 
even greater value in carrying on the work of the main- 
tenance department. This department usually works 
under trying and unusual conditions and, particularly 
in emergencies, much must be left to the judgment and 
resourcefulness of the foremen and the individual 
workmen. Under such conditions, when decisions must 
be quickly made and carried out with perhaps only an 
imperfect knowledge of all of the factors that might 
infiuence the correctness of the decision, the chances 
of making mistakes are many. Nevertheless, it some- 
times requires a good deal of moral courage on the 
part of foremen and of workmen to admit that a mis- 
take has been made. Such an admission, frankly made, 
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is one of the most effective means of showing your 
associates that you are the kind of man they like to 
work with, for the man who never makes a mistake 
never does much that is worth while imitating. 


— 


HE average industrial 

plant engineer concen- 
trates so intently upon get- 
ting the physical side of his 
work done that he is often 
tempted to overlook the 
proper recording of its technical features after the time 
cards are completed and the vouchers initialed. Many 
highly competent maintenance men feel that their duty 
has been done when the basic cost data of a job are 
turned over to the accounting department. This is a 
natural attitude, but the trend of the times in mainte- 
nance work is towards its better organization and con- 
trol from one year to another and this means capital- 
izing field and plant experience more thoroughly than 
ever before. 

Any records that will keep a maintenance staff 
from duplicating preliminary work and investigations 
on new jobs from the drafting board up are essential 
to quick changes and repairs at the lowest possible cost. 
Under the stress of operation it is often necessary to 
push repair jobs through without slowing down the 
work for record preparation at the time; but after the 
job is completed, it is a great pity to forget it and to 
fail to put on paper for future use the more striking 
things about the task. We believe that there is a place 
in industry for what might be called maintenance-job 
diaries—books of loose-leaf type in which the details 
of interesting repair jobs are typed or written to pro- 
vide information that will be useful in handling similar 
future jobs. On most maintenance work simple sketches 
of the methods of doing the work are required while 
the job is in hand. These are easily lost or destroyed 
if no effort is made to preserve them, particularly if 
they are rough “handy” drawings which do not have 
sufficient dignity of appearance to join the engineer- 
ing department’s “regular army” of tracings. Such 
sketches even fail to find lodgment in the engineer’s 
personal notebook, and yet their correct filing with 
dimensions checked in the maintenance-job diary would 
save time, money and mental wear and tear if so in- 
dexed for subsequent work. Revised markings on these 
sketches also often indicate certain troubles that might 
be avoided in future work. 

Along with these sketches, which could easily in- 
clude wiring layouts, details of framing for portable 
motor test tables, sections of scaffolding and of other 
timbering used in supporting pipe runs, safety guard 
designs, etc., to mention just a few things worth record- 
ing, might go summarized cost data for particular jobs, 
names of men concerned and the time required to per- 
form the work. There is scarcely any limit to the 
homely but intensely practical information that might 
find a berth in this kind of a reference book, which at 
very moderate expense could be transmitted to other 
engineers for criticism and improvement. There is no 
question that a lot of valuable repair job data now 
escapes from custody and is never recaptured after 
such work is done, and the maintenance-job diary 
would seem to be a suggestion worth trying in the inter- 
ests of conserving future time, effort and expense. 
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Who Can Answer | 
These? 


Trouble Caused by Plugging Elevator 
Motor—Will some reader of INDUSTRIAL 
ENGINEER please give me some help on 
the following Problems? (1) We 
have a 10-hp., 550-volt, three-phase 
elevator motor which is controlled by 
a Cutler-Hammer reversing switch. 
We are experiencing a good deal of 
trouble from blowing of fuses due to 
reversing the motor before the ele- 
vator comes to a ful] stop. This ele- 
vator has no regular Operator and is 
used for freight service only. Has 
anyone had similar trouble and what 
is the best method of overcoming it? 
(2) Is it possible to wind a mag- 
net that will lift from 10 to 25 lb. and 
can be operated on a 110-volt, sixty- 
cycle circuit? If 80, please give me 
the winding data for 110 volts and 
also 550 volts. 

Millbury, Mass. L. A. T. 


Removing Concrete Foundations by 
Blasting—We want to remove the 
foundation of a large engine and I 
Should like to have the experience of 
other readers in removing foundations 
by explosives or in other ways. How 
can I keep down the concrete dust 
while drilling the foundation? If we 
blast the foundation how can I keep 
Pieces from flying and damaging near- 
by machines? Will it be necessary to 
take the windows out? What explosive 
works best and how much should be 
used for a shot? I shall appreciate any 
suggestions you can give me. 

Detroit, Mich. A. H. 


How Does the Lundell Motor Operater — 
Can some reader of INDUSTRIAL ENGINEER 
give me a simple explanation of the 
theory of operation of the Lundell d.c. 
motor made by the Sprague Electric 
Co.? This motor has only one feld 
coil (either series or shunt) which is 
placed in the frame in such a position 
that the armature rotates in the cen- 
ter of the coil. In other words, the 
eld coil is wound around the arma- 
ure. 

I should like to know how and where 
the magnetic feld poles are formed. 
Philadelphia, Pa. C. F. S. 


Deterioration of Glass in Skylight—We 
have found serious deterioration of the 
giass in some skylights and wish to 
know if any reader has had a similar 
fe ene and can advise us what 
to 0. 

There are two machine rooms, one 
built in 1916 and the other in 1920, 
partly lighted by puttyless skylights 
glazed with %-in. wire glass. The 
glass in the first room shows no de- 
terioration, beyond an occasional 
crack. In the skylights of the other 


which in places expand into large 
Patches. A skylight close to a relief 
valve, from which hot water sometimes 
drips, shows the most serious deterio- 
ration and in places has holes 2 in. to 
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question that you can ; 
eee G n 
perience. 
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— 
Questions Asked 
and Answered 


by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The oe restriction is that 
you do a good turn to the other fellow whenjhe asks a 


none pzcent the one mentioned above This leak may be caused by the stator 
„An e reache an n exce n 2 e e ° e 
aad snow, The skylights 5 the windings being oil-soaked sufficiently to 


8 machine room have been 7 make them conduetive, although the 
jected for twice as ong a time to iden- ; 
tical conditions and are in practically leakage may not be sufficient to shock 


perfect shape. Can anyone suggest the anyone when only one crane is running. 


cause and a possible remedy for this Trouble from this cause may be cured 
condition? 


New Haven, Conn. H. D. F. by taking the motors apart, cleaning 
2 2 sù o them thoroughly and baking the stator 


Priming Coat for Plaster and Brickwork from 24 to 48 hr. in an oven at not 
-Will some reader of INDUSTRIAL EN- less than 200 deg. F. and then applying 


GINEER please tell me what kind of siz- pe ; : i 
ing or priming coat should be applied a coat of a high grade, 5 
when brickwork and plaster walls are nish. I would advise a thorough in- 
Wiebe ated for i gs og spection and cleaning of the motors by 
wish to pa walls r i 

both 1 885 and shop and 1 understand disassembling them. 1 have been able 


that some preliminary treatment is to overcome a great many troubles in 
necessary before the finishing coats of 


motors by so doing. 
e i L. McC. I hope these suggestions will be of 
e è è o some help to H. M. 


mee. of ae cet a ee oe tle: feo 
shafting—We have two Ong. and sev- noxville, on 79 
eral shorter lengths of lineshafting Knoxville, Tenn. W. P. AMANNS. 
which I know is somewhat out of line, 
probably a to settling R the pula t $ # $ 
ng. shall appreciate very muc 8 š 
it” abineone will give me a` simple The conditions stated in H. M.’s ques- 


method of lining up these shafts ac- 5 . ; 
curately in the hangers, so as to fe. tion in the August issue, suggest the 


duce friction in the hanger bearings. existence of high-resistance grounds on 
Milwaukee, Wis. S. V. B. two legs, one or both of the grounds 
being on the motor side of the con- 
3 troller. Were the faults of the order 
Answers Received of a short circuit, the magneto would 


To Questions Aske d have indicated the condition. Even 


low-resistance grounds would not blow 


Trouble with Traveling Cranes—I am fuses, assuming the crane construction, 
having trouble with two traveling 


cranes which run on the same track including the rails, to represent high 


and are used for loading and unload- : 1 
ing stone in a mill. One crane is rated resistance and the connection between 


at 20 tons and the other at 30 tons. the construction and the earth, on 


Each crane has two slip-ring motors e 
of about 20-hp. -rating, which operate which the hookers stand, to be a poor 


at 220 volts, sixty cycles and are con- one. The mere shocking of the hookers 
When both crand re lectrice starters. indicates that the current path, includ- 
hookers on the ground get a shock ing his body, must have considerable 
whic „ Tend. When resistance. As shocks are obtainable 
either one. of the neck. 1 is idie, the only when ic 5 aa 1 
men do not get a shock. Ave teste operating note A it mig e ig n- 
8 mak 8 te And ano i 9 ing to measure the insulation resistance 
trouble, I shall | appreciate Jt very of the motors and controllers to their 
TRAL ict. can tell me how to fnd frames. Charred insulation or accumu- 
this trouble. lations of copper dust or carbon dust 
Bloomington, Ind. H. M. would admit current sufficient to cause 
In reply to H. M.’s inquiry in the a shock. If H. M. has no high voltage 
August issue, it would seem that his with which to test the break-down 
cranes must be in a frame building, or point of the insulations, the only al- 
the track is on a frame structure, and ternative appears to be a thorough 
that there is a leak in the insulation of cleaning and overhauling accompanied 
the motors sufficient, when both motors by inspection. The removal of only one 
are running, to shock the men when of the fault grounds would save the 
they take hold of the hooks or chains, hookers further discomfort, but the re- 
as this is the only path for the leaking moving of both is desirable because the 
current to get to the ground. I believe existence of one invites the occurrence 
that if he will bond the rails and ground of another. 
them well he will overcome this trouble. Brooklyn, N. Y. J. A. Horton. 
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Methods of Repairing Wooden Floors— very important machine will break or 


We have found that the wooden floors 
in the trucking aisles and particularl 
at corners where trucks are turne 
wear more rapidly than the remainder 
of the floor. I would like to know the 
experience of some of the other read- 
ers of INDUSTRIAL ENGINEER in making 
repairs for these sections of the floors. 
Also, we would like to know whether 
our readers favor flooring laid parallel 
to the line of trucking, crossways, or 
on a diagonal. 


Monmouth, IN. J. H. 


In answer to J. H.’s question in the 
July issue, wooden floors laid length- 
wise to the line of travel are renewed 
more easily and cheaply than when laid 
either crosswise or diagonally, because 
in the former case every one of the 
boards will have been worn its full 
length; in the other two cases they are 
still good at the ends, and if they are 
to be salvaged, require more time for 
renewal. 

Often a floor may be good enough 
outside of the trucking runway, and 
needs to be renewed only where it is 
very badly worn; the lengthwise ar- 
rangement makes it easier to do this. 

Hard, thick maple flooring is the best 
and most economical in the end; of 
course, the length of time it will ‘last 
depends upon the traffic. Rubber tires 
on all heavy trucks, such as electric 
tractors, etc., save wear on the flooring 
and the smooth surface saves the tires; 
together these make a neat and prac- 
tical combination. 


New Britain, Conn. H. S. RICE. 
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Card System for Miscellaneous Power 
Drive Equipment—The only storage 
space we have for miscellaneous pul- 
leys, shafting hangers and similar 
parts is some distance from the room 
which serves as the repair shop and 
headquarters of the maintenance de- 
partment. As we now have no system 
vf keeping track of this material one 
of the men must go and search through 
it whenever any hing is needed. I 
should like to know if any reader has 
worked out a card system that we 
couid use to tell what we have on 


H. L. G. 


Referring to H. L. G.’s question in 
the June issue, I have been up against 
the same conditions myself, and have 
worked out a labor and time saving 
card system which may be of use to 
him. 

I use cards 6 in. long by 5 in. wide, 
which are filed in a small box. 

Cutting a piece & in. wide and two- 
thirds the distance across the card 
leaves a margin above the rest of the 
card on which certain data can be kept. 
In the case of pulleys I put down the 
diameter, as this is usually the most 
important dimension. A pulley can be 
used even if the face is a little wide; 
also the bore can in most cases either 
be bushed or bored to fit the shaft, but 
the diameter can not very easily be 
changed. 

For hangers I place the bore of the 
bearing in the margin. 

Complete data for each pulley is en- 
tered on the body of the card. This 
data includes the condition, whether 
new or used, whether split-steel bushing 
or solid, from what machine taken off 
and any other facts that may be of use. 

When a pulley is taken from stock 
note is also made on the card of its 
new location. Oftentimes a pulley on a 


hand. 
Kansas City, Kan. 


become useless through wear and there 
is no spare in stock. A glance through 
the card file may show one on another 
machine whose production is not so im- 
portant and this pulley may be removed, 
saving the time of measuring different 
pulleys in trying to locate one that can 
be used. 

Pulleys are stored on a rack made by 
nailing together two pieces of 2-in. by 
6-in. timbers, and fastening them to a 
side wall. Pieces of 2-in. pipe, driven 
into holes bored at a slight angle into 
these timbers, support the pulleys: A 
wooden plug was driven into the ends 
of the pipes and sawed off flush. A 
piece of tin with a number stamped on 
it, was nailed to each plug, thus iden- 
tifying the pipes. 

When storing the pulleys, several can 
be placed on one pipe, depending on 
the weight and size. A separate card 
is used for each pulley or hanger, but 
all cards having pulleys or hangers 
listed on the same pipe have the pipe 
number in one corner of the card away 
from the rest of the data, so that it 
may be easily read. 

My experience has proven that a card 
file on anything stored will soon pay 
for itself, and at present I am making 
one for pinions in storage. 


Chief Electrician, N. H. Case. 
Wyckolf Drawn Steel Co., 
Ambridge, Pa. 
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Replying to H. L. G. in the June is- 
sue, we use the card shown in the il- 
lustration for keeping a record of mis- 
cellaneous pulleys. These cards, which 
are standard 3-in. by 5-in. index cards, 
are made out by the head of the main- 
tenance department and kept in his 
files. If there is on hand only one pul- 
ley of a particular size, a new card is 
made out when the pulley is sent to 
the stockroom. When the pulley is 
taken out of stock, the card is de- 
stroyed. 

If there is more than one pulley of 
the same size on hand, the number 
shown on the card is altered each time 


Record card for keeping track of 
the number and types of spare 
pulleys in stock. 
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a pulley is put into or removed from 
stock. I believe this card could be im- 
proved by adding the words Flat and 
Crown, one of which could be crossed 
out as needed. l 
Guilford, Me. DoNALD MAXFIELD. 
+ + + + 


Testing Large D.C. Generators for Short- 
Circuits— Will some one give me a 
good, practical method of testing for 
short circuits, large d.c. generators and 
motors, especially those having equal- 
izers or cross connections? I have in 
mind machines of 1,000-hp. rating and 
over. In the various articles on testing 
which I have read, I have failed to find 
any mention of these connections and 
should like to know the procedure 
when testing out a machine which has 
them. 8. 4 


Ottawa, Canada. 

In answer to S. J.’s question in the 
June issue, I use a lampbank and a 
millivoltmeter with a low reading scale, 
or an ammeter without the shunt and 
read only two bars at a time by touch- 
ing both the line leads and the milli- 
voltmeter leads to these two bars. Just 
enough lamps should be used in the 
bank to give a good reading, say, at 
least one-quarter of the scale. When 
employing this method of testing, you 
can disregard the equalizer connections. 

When small armatures with equalizer 
connections are being tested, it is very 
important that the line leads be always 
placed on the equalizer connection. 
Otherwise, you will obtain different 
readings as you progress around the 
armature. Never try to test an arma- 
ture with equalizer connections by a 
so-called buck or testing transformer, 
as the equalizers will act as a short 
circuit, giving in effect the closed sec- 
ondary of a transformer and the arma- 
ture may be damaged. 

— NICHOLAS J. WEISS. 
West New York, N. J. 
* * * + 


From S. J.’s question in the June is- 
sue I assume that he is principally in- 
terested in testing for short circuits in 
the armatures of large d.c. generat- 
ors, although it might be interpreted to 
include field tests. 

The field windings, or rather the 
poles, may be tested by sending about 
25 per cent of normal current through 
them, supplied from a steady source, 
and taking voltage readings across 
each field pole winding. A variable re- 
sistance may be found useful in keep- 
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ing the current at the same value 
throughout the test. Any marked dif- 
ference in the voltage reading of one 
winding below the others may denote a 
partially short-circuited condition. The 
readings should be taken as rapidly as 
possible in order to avoid any error 
due to change of resistance from heat- 
ing. A low-reading voltmeter should 
be employed and the field current kept 
as low as possible, or just sufficient to 
give a deflection of approximately one- 
half the instrument scale when the 
reading is taken across the field. It is 
very desirable that there be kept on 
hand data from the manufacturer giv- 
uur the individual pole or total field 
teuistance at some definite tempera- 
ture, to which an actual test result may 
ve corrected for comparison. 

The true armature resistance of 
large d.c. machines with equalizer or 
equi- potential connections cannot be 
obtained so long as these connections 
are made to the winding. It is only 
possible to measure this resistance by 
disconnecting all the equalizer rings. 
It is imperative that there be on file 
comparison data from the manufac- 
turer, giving the resistance of the 
winding as made in the shop at some 
definite temperature before the equal- 
izer rings were connected. Probably 
the best way to test for short circuits 
in armature coils is by the “bar-to-bar” 
method. A low-voltage source of cur- 
rent, preferably a storage battery, is 
connected through a variable resistance 
of the carbon compression type, to ad- 
jacent bars and the drop of potential 
taken across these bars at equal values 
of current. This process is repeated 
until all bars have been tested. A 
reading which is very much lower than 
the others, or a zero reading, will indi- 
cate a short-circuited or partially short- 
circuited coil. 

When testing for armature short 
circuits one of the greatest practical 
difficulties lies in obtaining reliable 
readings, owing to the very low resist- 
ance. It is impossible to obtain satis- 
factory results unless the voltmeter 
contacts are very firm and make 
a rigid, positive contact with the bars, 
and the use of contacts made of other 
material than the bars may cause an 
appreciable error. It is also difficult to 
obtain a readable voltmeter deflection 
at times, unless a very high capacity 
source of current is available. One of 
the largest manufacturing companies 
in this country has established the 
practice of rarely measuring the resist- 
ance of an armature after the latter 
has left the armature department, be- 
cause of the difficulty of making such 
tests. 

In routine repair shop work, short 
circuits in armatures can readily be 
detected by moving over the core an- 
other core built up of laminated iron 
and having a winding on it which is 
fed from an a.c. source. This test core 
is built up so as to have the same arc 
as the armature under test and can, 
therefore, be hung over it and close to 
it. Adjusting the test core and apply- 
ing the a.c. current, the d.c. armature 
winding will act as the secondary of a 
transformer and any short circuits will 
be manifested by severe smoking. Ob- 
viously this procedure is more applic- 
able to a shop where many armatures 
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of the same size can be tested, but it 
can be used without much labor or ex- 
pense under almost any conditions. 

C. OTTO von DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 
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S. J. asks in the June issue for a 
method of testing large armatures for 
short circuits. One of the best meth- 
ods to use is known as the bar-to-bar, 
or drop-of-potential test. In applying 
this test a steady current from a 110- 
volt line is sent through the armature 
from two opposite sides of the commu- 
tator. Readings of the potential drop 
between two adjacent commutator 
bars are taken on a millivoltmeter. A 
lampbank is inserted in the supply cir- 
cuit and is adjusted until an easily- 
readable deflection of the millivoltme- 
ter is obtained when its leads are 
touched to two adjoining bars, as 
shown in the illustration. In this, (C) 
is a fiber block holding the contact 
points, which should be spaced to rest 
on adjoining bars. Before starting the 
test it is advisable to take a reading at 
several different points, in order to get 
the average deflection, although in the 
case of good coils there is very little 
difference in their deflection. 


Malas 


Diagram of connections for mak- 
ing bar-to-bar or drop-of-potential 
test on direct-current armatures. 


The next step is to go all around the 
commutator, touching the contact 
points to each pair of bars in turn. If 
a short-circuited coil is encountered 
there will be little or no deflection of 
the millivoltmeter pointer, as there will 
be almost no drop through the coil. 

This test can also be used to locate 
certain other defects in armature wind- 
ings. For example, one type of crossed 
coil leads will be indicated by a deflec- 
tion about twice as large as normal. 
Open-circuited coils or poorly-soldered 
leads are shown by a high reading. 
Cedar Rapids, Iowa. JOHN GRIFFIN. 

* * * % 


In reply to S. J.’s question in the 
June issue, a rapid method of locating 
a short circuit in an armature without 
disconnecting any of the wires from the 
commutator is by the use of the bar-to- 
bar test. This test can be applied to 
any armatures with any style of con- 
nections, for there will be the same 
drop of potential between any two ad- 
jacent segments, no matter which 
scheme of connections is used. 

In carrying out this test a steady cur- 
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rent taken from a 110-volt circuit 
should be sent through the armature 
at opposite sides of the commutator. 
The brushes used should be just wide 
enough to cover one bar. A lampbank 
should be used in the supply circuit and 
so adjusted that a readable deflection 
is obtained when the two leads of a 
millivoltmeter are touched to adjoining 
commutator bars. The deflection of the 
millivoltmeter will depend on the dif- 
ference of potential between the bars. 
The contact points are touched to 
each pair of bars and the deflection of 
the millivoltmeter noted. If all of the 
coils are good practically the same de- 
flection will be obtained all around the 
commutator. When the contact points 
are touched to the bars to which a 
short-circuited coil is connected there 
will be very little or no movement of 
the millivoltmeter needle, as there will 
be little or no drop through this coil. 
Woodward, Okla. H. J. ACHEE. 
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Construction of Pi Rails and Guards— 
We have found it necessary to make 
some pipe rail guards to extend along- 
side some of our machines to prevent 
trucks from getting too close to them 
and also to provide a free aisle along- 
side the machines for the operators. 
As we wish to make these easily re- 
movable, I wonder if some of the read- 
ers of INDUSTRIAL ENGINEER could of- 
fer any suggestions as to how these 
can be made sectional, the size of pipe 
to use, kind of fittings, construction 
of floor sockets, the span between sup- 
ports, the most convenient length of 
sections and methods of connecting the 


sections. $ 
Peoria, Ill. G. G. H. 


Replying to G. G. H. in the July issue, 
I have used the following schemes in 
connection with removable guard rails, 
and have found them very satisfactory. 

The first question to decide is the size 
of pipe to be used in making the rails. 
For ordinary purposes a rail made of 
134-in. pipe is strong and heavy enough; 
it makes a neat job and is not expen- 
sive. The length, height, number of 
bars and so on will depend on the con- 
ditions. 

If the railing is to be set up on a 
wood floor a sufficient number of 
sockets should be made up from pieces 
of 2-in. pipe, assuming that the rail is 
made from 1%-in. pipe. These pieces 
should be cut 10 in. long and threaded 
at both ends. A pipe cap should be 
screwed on one end and a railing flange 
on the other. Holes should be cut in 
the floor at the points where the up- 
rights of the railing will be erected. 
These holes should be accurately spaced 
with respect to the length of the rail, 
so that the latter can easily be set up 
and taken down. Also, it is desirable 
not to make the holes any larger than 
necessary, in order to give a firmer sup- 
port for the sockets and lessen the 
danger of splitting the wood when the 
floor flanges are screwed down. Bolts, 
lag screws or wood screws may be used 
for this purpose. 

If the railing is to be installed in con- 
crete floors, a much neater job can be 
done as follows: Cut holes in the floor 
about 1 ft. deep and 3 in. or 4 in. in 
diameter. Pieces of pipe about 10 in. 
long should be placed in these holes, 
accurately spaced and lined up flush 
with the level of the floor and cemented 
in place. These sockets will be prac- 
tically invisible when the railing is 
taken down. 


Uctober, 1924 


When railing is to be removed in 
sections this can be arranged by mak- 
ing the sections shorter and leaving the 
desired space between them, or round, 
oak sliding bars may be used. If wood 
sliding bars are used they must be 
made to fit the pipe so as to slide in 
and out easily and all burrs on the in- 
side of the pipe must be removed by 
filing, to prevent splintering of the 
b 


ars. 
Boston, Mass. F. J. H. KRAUSE. 
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Will These Brackets Cause Trouble t—I 
am sending a sketch of an iron bracket 
which is to be used for supporting two 
seta of feeders for a three-phase, 550- 
volt system. Considering that the 
brackets are made entirely of iron, 1 
should like to know if there would be 
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any inductive or other action if 20 
or 25 of these brackets were used. If 
so, could it be eliminated by making 
the brackets of brass or copper? Will 
someone please advise me what to do? 
Hastings-on-Hudson, N. Y. S. 8. 
o 
In the July issue S. S. shows a sketch 
of an iron fixture which he contem- 
plates using to support two sets of 
feeders. I can see no reason for not 
using this fixture, as feeders supported 
on the cross members will be in the 
same situation as if run through a 
short piece of large diameter conduit, 
and those on the outside of the fixture 
the same as if supported on a beam or 
girder, as is commonly done behind 
switchboards and in other station work. 
Denver, Colo. Joun E. HoLTMAN. 
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Referring to the inquiry by S. S. in 
the July issue, the iron bracket shown 
may be considered as an iron conduit 
of large diameter. I know of one in- 
stance where single-phase current car- 
ried in conduit caused the latter to be- 
come so hot that you could not place 
your hand on it, and this overheating 
was remedied by carrying three-phase 
current in each conduit, instead of 
single-phase. Inasmuch as S. S. intends 
to carry three-phase energy on each 
bracket I am sure that he need not 
worry about any possible inductive ef- 
fect which will cause heating. However, 
if his feeders are to carry heavy cur- 
rents the bracket parts and insulator 
pins must be securely fastened together 
and the bracket have a good bearing 
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and be tightly bolted to the wall; other- 
wise there may be produced a decided 
humming noise. If the above precau- 
tions are taken this humming will be 
minimized or entirely eliminated. 
Further evidence that S. S. need not 
anticipate any undesirable effects from 
this type of construction lies in the 
fact that large feeders, carrying heavy 
currents, of the power companies’ lines 
are carried in underground conduits 
and through tunnels on iron brackets 
and hangers which are more or less 
similar in design to the one he contem- 
plates using. 
Oakland, Calif. 
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S. H. SAMUELS. 


Answering S. S. in the July issue, the 
metal in the brackets would cause no 
harmful effects on a 550-volt system, 


but if the insulators are exposed to the 


weather they should be mounted ver- 
tically, and not horizontally, as ice will 
form inside of the petticoat bells and 
break them open, thus allowing the 
conductors to ground on the sharp edges 
of the brackets. For out-of-door use 
the conductors must be at least 12 in. 
apart and the first one ought to be 
1 ft. from the wall. 

Galvanized, malleable-iron pins and 


‘bolts should be used, and mica insu- 


lators are the most durable, as both 
glass and porcelain will crack from 
temperature extremes and line strain. 
For indoor use, glass is good enough. 
The brackets should be made of 
14-in. by 2-in. iron, well bolted together, 
and either bolted or lagged to the walls 
by %-in. bolts 5 in. or 6 in. long. If 
heavy lines are to be carried, bolts 
through the wall would be far safer. 
It must be recalled that during the 
winter the line must stand the strain of 
ice, snow and heavy winds, all of which 
tend to loosen the fastenings. 
New Britain, Conn. H. S. RICE. 
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In answer to the question by S. S. 
in the July issue, it is assumed from 
the sketch that one circuit is mounted 
on the outside and one on the inside of 
the bracket or, in other words, so that 
all three conductors of one circuit are 
inclosed by the strap-iron support. 

There is no reason why the method of 
construction indicated will not be quite 
satisfactory, since the three wires of 
the one circuit are all located inside of 
the magnetic loop. Theoretically, there 
may possibly be some slight inductive 
effect due to the arrangement of the 
conductors in a horizontal plane, but 
even with unbalanced currents in the 
different conductors this effect will be 
small if only twenty or twenty-five 
brackets are installed and the circuit 
is not of any considerable length. 

The writer has in mind a specific in- 
stance in his experience where it was 
necessary to carry a three-phase circuit 
having a maximum current of 1,100 
amp. at 60 cycles through a large plate 
girder. This was done by cutting 
through the girder a triangular hole of 
sufficient size to carry the conductors, 
which were placed in insulating tubes. 
Absolutely no heating or other trouble 
has developed after more than five 
years of operation. 


495 


There have been specific cases where 
heating has developed but these are 
usually limited to instances where very 
heavy currents are carried, as in elec- 
tric furnace work. 

In any event it would be unnecessary 
to make the brackets entirely of brass 
or copper. By simply breaking the 
magnetic circuit and inserting a copper 
connecting piece, thereby placing an air 
gap in it, there would be practically no 
reason for any noticeable inductive 
effect. C. OTTO voN DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 
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In reply to S. S.’s question in thë 
July issue, we are using practically the 
same method of carrying three three- 
phase circuits on an industrial job. In 
this case No. 4 conductors are used and . 
no trouble has been experienced in the 
three years this installation has been 
in service. I should say, therefore, that 
S. S. would be perfectly safe in using 
the type of bracket shown with his 
question. 

Woodward, Okla. 
s * + s 
Air Filter for Intake of Air Compressor 
—I should like to get a little informa- 
tion from someone who may be in- 
clined to lend a helping hand. The 
plant where I am employed has in- 
stalled two feather-valve air compres- 
sors. These compressors are subjected 
to coal dust, coal smoke and sand and 
we are having trouble with the valves. 

After cleaning them rine 4 operate 

satisfactorily for about 24 hours, and 

then begin to hang and stick. 

Will someone please give me com- 
plete details of a suitable screen or air 
filter that I could make and use on the 
intake of these compressors? 

Norfolk, Va. W. B. E. 

With reference to W. B. E.’s question 
in a late issue, I would suggest that 
he procure an old, steel oil or water 
tank of about 75-bbl. capacity and weld 
in place a large number of tubes, as 
shown in the illustration. These tubes 
may be suitable lengths of pipe and 
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passing it through water or oil. 
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should extend to within 2 or 3 in. 
of the bottom of the tank, which should 
be partly filled with water, or oil if it 
will be exposed to low temperatures. 
The upper end of the tubes should, of 
course, be open so that they will serve 
to conduct the incoming air through 
the liquid in the tank and thus free it 
from dust and other foreign matter. 
Without knowing the size of the com- 
pressor in question, it is not possible to 
give the size and number of tubes, but 
I do not believe that they should be 
larger than 1 in. in diameter. W. B. E. 
should put in enough tubes to make 
their aggregate area somewhat larger 
than the area of the compressor intake. 
The more tubes that can be conveni- 
ently placed in the tank the better, as 
the resistance to the passage of the 
air will be reduced and less vapor will 
be carried over. 

It would also be necessary or advis- 
able to mount on top of the tank, over 
the manhole, a dome which should 
serve as the outlet for the filtered air 
and be connected to the air intake of 
the compressor. This dome should be 
built of %-in. boiler plate and made air 
tight. It should contain fine wire 
screen which would serve to stop vapor 
and liquid particles from being drawn 
over into the compressor. 

I believe a device of this sort would 
solve W. B. E.’s problem, providing 
that he constructs one which will be 
large enough to supply the compressors 
without too much liquid being drawn 
over. In any event, I hope that this 
suggestion will be of some help to him. 
Marietta, Ohio. E. L. Way. 
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Moisture-Proofing Treatment For Motors 
in Pulp Milla—I wish some of the read- 
ers Of INDUSTRIAL ENGINEER would tell 
me what method or treatment they use 
for keeping moisture out of the wind- 
ings of motors and other electrical 
equipment which is located in very 
damp places, particularly in paver pulp 
mills. I shall be very grateful for any 
information you can give me. 
Temiskaming, Que., Can. J. H. S. 
Answering J. H. S. in the July issue, 

to moisture-proof motors, either d.c. or 
a.c. types, first disassemble to such an 
extent that all windings are within 
reach; then clean out all dust, etc., 
preferably with dry compressed air. 
Put all parts carrying windings in a 
very warm place, as in an oven, or on a 
boiler top, and thoroughly dry out all 
traces of moisture. Then coat the fields 
or the stator windings with P. & B. or 
some other good standard armature 
varnish, being sure to get it into all 
crevices. If either the armature or the 
rotor cannot be dipped bodily, spray or 
brush the varnish on well and in be- 
tween all leads. 

All windings should then again be 
subjected to a mild heat for at least 
24 hr. One thorough coating with 
good quality varnish generally is suf- 
ficient, but for more certain protection 
against moisture two coats are better. 

The chief consideration is that all 
windings must be thoroughly coated, 
and the varnish should be fairly dry 
before the motor is put to work. 

Starting compensators can be cleaned 
and heated without much trouble, and 
then well coated with varnish, espe- 
cially at coil windings and terminals. 
Shellac does not answer the purpose as 
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well as do especially-prepared arma- 
ture varnishes. If the latter are too 
thick, do not thin down too much, as 
certain parts, like tape windings, mica 
insulation under the windings, etc., 
may be loosened by the softening effect 
of the thinner. 

Windings which are well varnished 
before being put to work and then 
treated again similarly after a few 
weeks, or whenever overhauling is done, 
will be well-night moistureproof. 

Induction motors so treated have 
been operated out-of-doors on coal 
hoists and cranes the year ’round, with 
no breakdowns. 

New Britain, Conn. 
+ * * * 


In answer to the question asked by 
J. H. S. in the July issue, there is no 
way of keeping water and moisture out 
of most of the motors because the sur- 
rounding air is saturated with moisture. 
Most of the trouble is caused by water 
being splashed on the motors when 
cleaning up. Machine room bosses and 
superintendents are always willing to 
co-operate with the electrical depart- 
ment in trying to keep the motors as 
dry as possibie, but the help that does 
the cleaning usually changes frequently. 
About the time that you think the 
cleaning crew is educated to the dangers 
of getting water on electrical equipment 
you come in some morning and find a 
bright young fellow washing spider 
webs off the ceiling over the motors. He 
thinks he is doing you a favor by wash- 
ing off the dust. So it is a question of 
how to make motor windings resist 
water and moisture. 

After a thorough investigation and 
study of ways of treating motor wind- 
ings the following method was adopted. 
It has been found very satisfactory, as 
I have not rewound a single motor in 
the six years since I started this 
treatment. 

When a motor is brought in to be 
rewound, the type of connection, coil 
pitch, size of wire and other data are 
taken when the stator is stripped. In 
particular we note whether the wires 
fit very tightly or loosely in the slots, 
to see if the thickness of the slot in- 
sulation can be increased. Whenever 
possible the coils are made of double- 
cotton-covered, enameled magnet wire. 
The thickness of the slot insulation de- 
pends on the size of the motors and the 
amount of room in the slots. Generally 
one cell of 0.012-in. or 0.016-in. fish- 
paper is put in the slot next to the iron 
and reaches up to where the bottom of 
the wedge will be. One cell of 0.015-in. 
empire cloth, of the same size, comes 
next and another cell of 0.007 or 
0.009-in. fishpaper is placed inside of 
the empire cloth cell and extends about 
% in. above the top of the slots to pro- 
tect the wires when they are placed in 
the slot. Another fishpaper cell of the 
same thickness is placed between the 
top and bottom sides of the coils. The 
coils are taped with one layer of 
0.010-in. cotton tape, % in. to 1 in wide, 
depending on the size of the coils, 
lapped half-way. Two thicknesses of 
0.015-in. empire cloth are placed be- 
tween phase coils. 

When the motor is completely re- 
wound it is given an insulation test of 
1,100 volts to ground, with ten 110-volt 
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lamps in series, for about one minute. 
It is then assembled and run for about 
an hour or so to make sure that the 
connections are right and that there 
are no short-circuited coils. Following 
this, the motor is taken apart and the 
stator placed in the oven for four or 
five hours at a temperature of about 
75 deg. C. This heating helps the var- 
nish to penetrate the coils. If they are 
cold the varnish will be chilled and tend 
to thicken, thus preventing it from 
reaching all parts of the coils and seal- 
ing up portions of the slots that the 
coils do not fill up. 

By means of a chain block the stator 
is then lowered upside down into a tank 
of black, elastic baking varnish, made 
by the Sterling Varnish Co., until all 
of the coils are covered. The stator 
is allowed to remain in the varnish for 
about two hours, or until all bubbling 
has ceased. This insures thorough 
penetration of the coils. The stator is 
then raised out of the varnish and left 
hanging until it stops dripping. Dur- 
ing this period I keep the varnish tank 
covered with heavy paper or canvas, 
with a slot in it large enough to let the 
chain go through, in order to keep dirt 
out. Keeping the tank covered also helps 
to prevent evaporation of the thinner 
and facilitates draining of the coils, 
as the varnish is not chilled and thick- 
ened before it has a chance to drip off. 
The stator is then baked at a tempera- 
ture of about 100 deg. C. for twelve to . 
fifteen hours. We dip and bake stators 
three times and afterwards give them 
a brush coat of black, quick air-drying 
paint. 

The treatment described above ap- 
plies to stators where the slots are 
semi-closed and the coils taped after 
they are in place. I have so few fail- 
ures in the larger sizes of motors, in 
which the coils are made of square wire 
and taped before winding, that I do not 
attempt to make the coils. They are 
parchased from the manufacturer and 
after the stator is wound it is dipped 
and baked twice, in order to fill up the 
slots and insulate the end connections. 

MARIN PHILLIPS. 


Electrical Superintendent, 
Interlake Pulp and Paper Co., 
Appleton, Wis. 
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Connecting Extension Bell to Telephone 
—I shall appreciate it very much if 
readers will give me some information 
on the following problem. In our en- 
gine room we have a telephone which 
operates from the Ay system, through 
our own switchboard. When the en- 
gines are running it is impossible to 
hear the bell ring unless some one 
is standing close by the telephone. I 
wish, therefore, to install a large 
alarm or extension bell. How should 
this be connected? What voltage is 
used to ring the telephone bell? What 
voltage and type of bell should I use? 
Is it necessary to use a relay for this 
bell; if so, what type is preferable? 
Please give me a wiring diagram show- 
ing how this bell should be connected. 
Chicago, Ill. 


In answer to W. A. B. in the Sep- 
tember issue, I believe he will find that 
the telephone companies do not permit 
subscribers to connect extension bells 
or any other devices to their lines or to 
any lines connecting with the com- 
panies’ lines. Upon application and the 
payment of a small installation charge, 
the telephone companies will, however, 
put in any desired size of extension bell. 
Walkerville, Ont.. Can. TURNER. 
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Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Reducing Fire Hazards from 
Dipping Tanks 


RACTICALLY every modern fac- 

tory employs some sort of dipping, 
quenching, or spraying operation which 
uses inflammable liquids and thereby 
creates a special fire hazard. 

The automobile industry furnishes 
an excellent example of the dipping 
process. Here are found large dipping 
tanks in connection with especially-de- 
signed mechanical conveyor systems 
and baking ovens. 

Closely allied to the dipping tank as 
a fire hazard is the quenching tank, for 
hardening and tempering the many 
varieties of alloyed steel needed in the 
manufacture of modern machine parts. 
Most of these processes involve the use 
of tanks holding highly inflammable 
compounds. The more inflammable mix- 
tures used contain naphtha, benzine, 
gasoline, and benzol. Of a less hazard- 
ous nature, but at the same time ex- 
tremely dangerous, are mixtures con- 
taining turpentine, kerosene, linseed 
oil, heated asphaltum, paraffine, and 
quenching oil. 

The Danger.— Dip tanks with their 
drain boards, quenching tanks, saturat- 
ing tanks and the like, are a potential 
source of extraordinary fire danger 
which no plant manager can afford to 
underestimate. An effort to speed up 
production, an over-heated oven, a de- 


A new method of protecting paint 
and japan dipping hazards in an 
automobile factory. 


It has always been difficult to pro- 
tect an open dipping tank from fire 
hazards. This difficulty has been in- 
creased by the use of conveyors for 
dipping and drying japan, paint, 
enamel and other similar work. This 
dipping tank is protected by two 40 
gal. Foamite engines which are con- 
nected to a special actuator above 
the tank. This actuator is connected 
by a hollow tube to a compensator. 
A rise in temperature of over 15 
deg. per min. increases the pressure 
in the actuator and transmits it to 
the release which tips the engine and 
discharges the Foamite, which is a 
frothy mixture, both above the tank 
and on the side (not shown here) to 
smother out the fire. 


fect in electrical equipment, an open 
flame carelessly brought within the zone 
of the highly inflammable vapor from 
the dip tank, may render useless all the 
arduous efforts of the plant’s design- 
ing and operating engineers to main- 
tain continuous production. Once 
started, a fire will spread if it is not 
controlled by adequate fire fighting 
equipment of a type suitable for the 
particular risk. 

Need for Fire Prevention.—The need 
for making every reasonable effort to 
prevent fires is self-evident, but un- 
fortunately it is often overlooked. Fire 
prevention deserves very serious con- 
sideration in every phase of manufac- 
turing, whether it be design, construc- 
tion, operation, or maintenance. Prac- 
tically every industrial fire furnishes 
lessons in fire prevention which can be 
applied to hundreds of industries with 
considerable advantage. There are 
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certain special precautions which will 
help to prevent fires in and around dip 
tanks, quenching tanks and so on. 


Static Electricity-—One of the most 
common causes of fires, and one of the 
most difficult yet important to guard 
against, is static electricity. This fac- 
tor has lately been the subject of con- 
siderable discussion among fire protec- 
tion engineers who realize its signifi- 
cance, especially under conditions in 
which inflammable and explosive va- 
pors are present. The charge of static 
electricity, which is such a potential 
danger, arises from many causes, the 
principal one being friction between 
two bodies one of which is a poor con- 
ductor of electricity and not properly 
grounded. 

An excellent example is found in con- 
nection with the use of leather belting, 
where it is almost impossible to elim- 
inate the accumulation of static 
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charges caused by friction between 
belts and pulleys. For this reason, it 
is highly important to remove all 
leather belting from close proximity to 
inflammable liquids, as the existence of 
the static charge carries with it the 
danger of an electric spark jumping 
from the belt to another body, such as 
a dip tank, having a different electric 
potential. To reduce the danger of 
static to a minimum, all shafting 
should be definitely grounded at either 
end. The principle of grounding should 
be carried out in the case of all ap- 
paratus where static charges are likely 
to be generated. An effective method 
of grounding is to bind or solder to 
the apparatus a copper wire which in 
turn is securely soldered to the water 
piping system in the factory. For de- 
sirable strength, the copper wire should 
not be smaller than No. 6 B. & S. gage. 

Mixing aluminum bronze with belt 
dressing and applying it to the inside 
and outside belt surfaces will form a 
fairly good conductor between the 
grounded pulleys. 


Ventilation.— Adequate ventilation is 
very important in all risks where in- 
flammable vapors are involved. As 
these vapors are usually heavier than 
air and therefore tend to settle to the 
floor, the ventilating system must be 
designed with intakes near the floor 
level. In processes which give off 
warm vapors, the ventilating system 
should make provision for the rising 
of these vapors to the ceiling of the 
room. Natural ventilation is always to 
be preferred to artificial where it can 
be efficiently applied. 


Construction.— Dip tanks should be 
isolated in separate rooms of incombus- 
tible construction. Where the manu- 
facturing operation requires their loca- 
tion in the same rooms with baking 
ovens or similar equipment, special 
precaution should be taken to reduce 
the fire danger to a minimum. 

The storage of reserve supplies of 
dipping liquid should be located at a 
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safe place outside of the room contain- 
ing the dip tanks. Draw-off connec- 
tions should be constructed which can 
operate automatically to remove the 
contents of the dip tanks when not in 
use, or at time of fire. 


Electrical Equipment.—All electrical 
equipment should be strictly in accord- 
ance with the National Electrical Code 
and approved by a proper authority. 
This applies not only to the original 
installation, but to later extensions as 
well. Cut-outs, switches, motors, and 
similar equipment should not be in- 
stalled in the same room with the dip 
tanks. Where this is not practicable, 
special safeguards should be provided, 
such as spark-proof motors and the en- 
closure of cut-outs, switches, and sim- 
ilar equipment, in incombustible cab- 
inets. All wiring should be enclosed in 
steel conduits, and pendant lamps 
should be provided with approved flex- 
ible cord, free from contact with pipe, 
machinery, and other fixtures. Lamps 
of portable type should be equipped 
with approved reinforced cord to insure 
protection against abrasion. Heavy 
guards should be provided for such 
lamps. 


Spray Booths.—The application of 
paint, varnish, lacquer, and similar 
coatings by spraying with an air brush 
or direct pressure has come into exten- 
sive use, and with it a rather bad 
fire record. This process should be con- 
ducted only in a well-ventilated and 
protected spray booth. Most fires in 
spray booths result from fans and mo- 
tors used for ventilating the booth, 
from lamps and other electric devices 
capable of producing sparks, and from 
the cleaning of the booths with highly 
inflammable solvents. 

[This discussion of the hazards of 
dipping and suggestions on overcoming 
them, which should be known by every 
industrial man responsible for the con- 
ditions surrounding dipping hazards, is 
taken from recent literature issued by 
the Foamite-Childs Corp., Utica, N. Y.] 
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Avoiding Kinks in Unreeling 
and Uncoiling Wire Rope 


NDUSTRIAL men frequently have 

occasion to remove wire rope from 
a reel or coil. When a wire rope re- 
ceives a kink, as shown at (E) in the 
accompanying illustration, it is sure to 
have serious results upon the life and 
strength of the rope if actual breakage 
does not occur. The accompanying il- 
lustrations show the method of uncoil- 
ing and unreeling wire rope recom- 
mended by A. Leschen & Sons Rope 
Company, St. Louis, Mo. 

When rope is received on a reel, the 
best way to remove it is to jack the 
reel up, as shown in (B), and uncoil it 
straight away. Care must be exercised 
to see that the reel does not turn too 
rapidly and loosen a coil or two which 
may slip over the end and result in a 
kink, if great care is not taken. When 
rope is received in a coil, it should be 
handled as shown in (A); that is, roll 
it on the ground like a wheel or hoop. 
It should always be remembered that 
wire rope must not be coiled or un- 
coiled like hemp rope. When coiling a 
wire rope, if it should for any reason 
become looped, as shown in (D), the 
loop should be drawn out at once for if 
a load is put on the rope in this condi- 
tion damage is bound to occur. In case 
a wire rope is to be coiled after being 
used, reverse the above operation. Il- 
lustrations (C) and (D) show what is 
bound to occur when a wire rope is 
carelessly unwound by laying the coil 
or reel on the ground. 


These five illustrations show how 
and how not to unreel or uncoil 
wire rope. 


If a load or pull is applied to a wire 
rope with a kink in it, as shown in E, 
damage is almost sure to occur, with 
perhaps breakage as a result. Illustra- 
tions A and B show the right way, 
while C and D show methods which 


should never be used in the handling 
of a wire rope. In case it is desired to 
roll up the wire rope, operations A and 
B should be reversed. 
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Electrical Service 
Around the Works 


How Over-Lubrication and Dust 
Stopped a Motor 


HE big surface grinder in the lower 

shop ‘stopped suddenly one day. 
The group that gathered about the op- 
erator quickly diagnosed the trouble as 
“hot box” and in the motor “most prob- 
ably, ’cause she’s warm.” The machin- 
ist who was sent to fix it up started on 
the hot-box theory and ran down one 
bearing after another until he had 
found all free except in the motor. 

He couldn’t turn the rotor and forth- 
with stripped the driving chain and 
sprocket off and removed the head of 
the motor on that side. It came off 
easily and, as the rotor did not pull out, 
he took off the other head. This, to his 
surprise, also came off easily. It was 
an induction motor and the rotor was 
stuck within the stator. 

Following the conventional line of 
thought, a test was made to see if the 
bearings had worn so that the rotor 
had dragged on the laminations and 
thus gathered up particles that had 
finally enmeshed it. Such was not the 
case and the trouble was proven to be 
the accumulation of dirt and dust 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec 


tion, overhauling, testing or special installations. 


which, because of too frequent oiling, 
had formed a pasty substance that had 
finally gripped the rotor so that it had 
stopped the machine. 

The cleaning out that followed re- 
moved the source of trouble. Since 


then, a slowing up of motors has been 


taken as an indication that a thorough 
cleaning is needed because the very 
small air gap is getting stopped up 
again. DonaLp A. HAMPTON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 
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Eliminating Trouble by 
Replacing Crane Trolley Wires 
With Flexible Cable 


AINTENANCE expense on 
electric traveling cranes in this 
plant has been considerably reduced 
and reliability of operation greatly in- 
creased within the past year and a half 
by replacement of the bridge trolley 
wires with multi-conductor flexible 
cables as described below. 
The traveling crane equipment in- 
cludes four 5-ton cranes with a maxi- 
mum travel of 180 ft. and bridge span 


of 46 ft. The bridge rails are 29 ft. 
above the floor. Power supply to the 
motors is three phase, 60 cycles, 550 
volts. The trolley drive motor, bridge 
drive motor and the hoist motor are 
respectively of 3, 15 and 30 hp. capac- 
ities and are all slip-ring motors con- 
trolled by drum controllers and sec- 
ondary resistors. 

The cranes are used for the distribu- 
tion about the mill rooms of rolls of 
goods in process and cans of daub for 
coating the goods. During normal op- 
eration of the plant the crane shown in 
the accompanying photograph is re- 
quired to make approximately 650 lifts 
in a period of 20 hr. thus allowing on 
the average about 2 min. for lifting, 
transporting and lowering a load. The 
crane is thus in use practically all of 
the time. 

Breakdown of a crane in any one of 
the mill rooms seriously interferes with 
production especially where loads must 
be transferred from floor to balcony 
machines or the opposite. The prac- 
ticability of the racks shown in the il- 
lustration for temporary storage of 
goods in process also depends upon re- 
liable crane service. For the above rea- 
sons efforts have been made to make 
crane breakdowns as infrequent as pos- 
sible. The possibility of cans of daub 
mixed with naphtha being ignited by 
sparks falling from poor contacts also 
necessitated removal of this hazard. 

The original V-shaped, sliding shoe 
current collectors for the hoist and trol- 
ley drive motors were cut into by 
the No. 4 hard-drawn copper trolley 
wires on the bridge, which necessitated 


The use of flexible cables in place 
of crane trolley wires on this and 
two other cranes improved opera- 
tion considerably. | 


The old installation gave continual 
trouble and caused sparking which was 
a hazard due to the naphtha in use. 
Part of the trouble was removed by 
replacing the 9-ft. rails with 36-ft. 
rails and welding and grinding the 
joints. At the same time the sliding 
contacts were replaced with trolley- 
wheel collectors. 
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the making of frequent adjustments, 
replacements and inspections. 

After a trial installation of trolley 
wheel collectors on one of the cranes all 
of the sliding contacts were replaced 
with standard wheel collectors with 
graphite bushings. These gave some- 
what better service than the sliding 
contacts but did not reduce maintenance 
appreciably. Sparking at the contacts 
was caused mainly by vibration of the 
trolley wires which were spaced 4% in. 
apart in vertical planes. The vibration 
of the wires in turn was attributable 
mainly to an unfortunate original in- 
stallation of rails cut to 9-ft. lengths 
thus giving twenty rail joints to the 
length of the mill room. These rails 
have recently been replaced with 36-ft. 
rails and the joints have been welded 
and ground so that vibration from this 
source has been minimized. 

Previously, however, to the replace- 
ment of the rails, the idea of using a 
flexible cable in place of the crane 
trolley wires was considered. After an 
experimental installation, permanent 
cables were installed on three of the 
cranes. The conductor system of the 
cable consists of ten No. 10 B. & S. ex- 
tra-flexible (65 strands No. 28 wire) r.c. 
wires and three No. 2 extra-flexible 
r.c. wires. The ten No. 10 wires in- 
clude the primary circuits to the two 


motors on the trolley, the secondary 


circuit of the 3-hp. motor and the limit 
switch conductor; the three No. 2 wires 
are the secondaries of the 30-hp. hoist 
motor. The thirteen wires extend from 
a terminal box, mounted on the side of 
one of the main bridge members in a 
readily accessible place above the cab, 
through 2%-in. Greenfield connected to 
the 2%-in. rigid conduit which can be 
seen in the picture extending from the 
left end of the bridge along side of the 
carriage rail to a point near the center 
of the bridge. Here the rigid conduit 
connects to a 3-ft. piece of Greenfield 
which is strapped to a curved sheet- 
metal plate. From the junction of this 
section of Greenfield with the rigid 
conduit, through the loop, up to the 
junction box shown on the right side of 
the carriage, the conductors are carried 
in 2-in., internal diameter, 4-ply rubber 
hose, the last 6 ft. of which is pulled 
into another section of Greenfield. This 
part of the cable is supported by a rigid 
bracket bolted to the carriage and ex- 
tending about 18 in. outside of the first 
section of the loop to allow for the pas- 
sage of the trolley back and forth 
across the bridge without interference 
between the two sides of the loop. 

The length of the loop is such that 
with the trolley at the extreme right 
of the bridge, there is sufficient clear- 
ance between the loop and the balcony 
railing without too much tension on the 
cable and consequent strain on its sup- 
ports. With the trolley in the center 
of the bridge, there is a clearance of 
5 ft. between the loop and the storage 
racks shown. Clearance between the 
ends of the journals on which the rolls 
are carried and the loop is sufficient 
so that in ordinary operation the jour- 
nal cannot hook into the cable. 

From the above, it is evident that the 
local conditions such as low amperage 
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cf the 550-volt motors which permitted 
the use of a comparatively light cable, 
the ratio of bridge length to height 
above the floor, and clearances, favored 
the installation of the cables and the 
resulting improvement in operation has 
warranted their use. 

Two of the cables have been in oper- 
ation over a year and a half and one 
since July, 1923. Except for an occa- 
sional adjustment, they have required 
no attention whatever to date. Holdups 
due to the troubles with the original 
wire and collector system have been 
eliminated; the fire hazard caused by 
sparks falling from poor contacts has 
been removed; and maintenance ex- 
pense on the electrical equipment of 
the cranes has been reduced approxi- 
mately 75 per cent. If the conduc- 
tors break from repeated bending it 
will be comparatively easy to replace 


them. G. R. WELLs. 
Plant Electrical Engineer, 

The Standard Textile Products Co., 
Buchanan, N. Y. 


5 
How to Tie Underwriters’ Knot 
in Lamp Cord 
VERY wireman knows that it is 
necessary to tie the ends of lamp 


cord after it has been inserted in socket 
caps and other fixtures, in order to 


Method of tying Underwriters’ 
knot in lamp cord to prevent 


strain on terminals of sockets and 
fixtures. 
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avoid the possibility of the wires being 
jerked loose from the terminals by a 
strong pull on the cord. Also, if the 
ends are tied there is less likelihood 
of the cord untwisting. Oftentimes, 
however, the knot at the ends is im- 
properly tied, so that it is much less 
effective than it should be. The illus- 
tration shows a sketch which I drew to 
show our men how the Underwriters’ 
knot, as it is called, should be tied when 
making installations. 

Starting with the ends of the two 
conductors slightly separated, as at 
(A), the one at the right is looped 
loosely around the other, passing back 
of and in front of it, as shown in (B) 
and (C). The second, or left-hand 
conductor is then bent to the left and 
looped, (D), around the first, or right- 
hand, conductor and the end passed 
through the loop formed by the first 
conductor, as in (E). When the knot is 
tightened by holding the two ends and 
pulling on the cord the knot will assume 
the shape shown in (F). The conductors 
can then be cut off to the desired 
length, the insulation skinned off and 
the wires fastened under the terminal 
screws as usual. 

A knot made in this way will not slip 
or twist and, as shown at the right, is 
large enough so that it can not, under 
any ordinary circumstances, be pulled 
through the opening in the fixture. 
San Juan, Porto Rico. F. Kruse. 


Fu bared for DAS 
connection to screens W 


October, 1924 


Standard Power and Speed Rat- 
ings for Vertical Alternators 


N PLANNING for installations of 

vertical alternators of small and 
medium capacity it may be worth while 
to know what power and speed ratings 
may be obtained. The Electric Machin- 
ery Manufacturing Company, Minneap- 
olis, Minn., have standardized in sizes 
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Vertical alternators of the stand- 
ard power and speed ratings indi- 
cated by the black spots, may be 
obtained from one manufacturer. 


from 50 to 3,000 kva. and at speeds 
from 72 to 600 r.m. The accompany- 
ing graphic chart gives the 60-cycle 
ratings of the small and medium sizes 
as standardized by this manufacturer. 
Each black spot on the chart represents 
a standard speed rating. 


— — 
Unusual Combination of Grounds 


Cause of Trouble 


HREE years ago a large indus- 
trial plant made a wage reduction 
in all mechanical departments. On the 
day this reduction went into effect all 
the plant executives were down early, 
to be on hand in case any trouble 
should arise over it. However, every- 
thing went along as usual, until about 
10 o’clock, when the electrical depart- 
ment was suddenly flooded with trouble 
calls from all parts of the plant. 
Right at this stage it appeared to be 
a well-planned and timed retaliation. 
On sifting out the various troubles it 
was found that a 1,000-kw. motor-gen- 
erator set had grounded through the 
motor field; one of the field leads to an 
800-hp. synchronous motor had burned 
off; and grounds had developed on half 
a dozen elevator and conveyor motor 
controls. 
Naturally, it did appear mysterious 


at first that all these troubles should 


develop at once, but apparently the 
grounds on the elevator and general 
power feeders and motor-generator set 
motor field had been accumulating for 
some time. Then, when the ground de- 
veloped on the 800-hp. synchronous mo- 
tor field, a short circuit resulted. 
Owing to the arrangement of the cir- 
cuit breakers on the switchboard, the 
only protection was through the main 
generator breakers, which were set at 
8,000 amp. The net result was the 
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burning of leads and damage to equip- 
ment that took the balance of the day 
to clear up. 

After this occurrence ground lamps 
were installed in the substation at a 
negligible cost, and grounds have since 
been cleared up as soon as they develop. 
In this case these lamps have proved 
more satisfactory than a regular 
ground detector, for it is usually pos- 
sible to locate the ground from the 
action of the lamps. For instance, in 
the case of an intermittent ground, 
such as on elevator controls, by observ- 
ing the feeder ammeters in connection 
with the lamps the ground can be ap- 
proximately located. Again, in the 
case of a more permanent ground, by 
furnishing the electrician with a report 
of the time on and off he has a good 
clue to work on without going through 
a tedious cut-and-try process. The ad- 
vantage of the lamps over an indicator 
or voltmeter is that they are always 
under direct observation without being 
actually watched. 

Another point to be brought out here 
is the apparent fact that single-pole 
trip protection is not sufficient on two- 
wire circuits fed from three-wire bus- 
bars, as in this case. 

Akron, Ohio. E. J. DEL VECCHIO. 


— 
Construction of Annealing Kiln 
Charging Truck 


O FACILITATE the charging and 

emptying of a number of anneal- 
ing kilns in a malleable-iron foundry, a 
handy and efficient truck was con- 
structed, mostly out of material on 
hand from discarded trucks, together 
with some parts made by the machine 
department and a few which were pur- 
chased, mainly pinions. The truck is 
12 ft. long over-all, 30 in. wide, 3 ft. 
high to the top of the battery box and 
4 ft. 6 in. to the top of the lifting fork. 
It weighs 1% tons and is operated by 
two 1%-hp. battery motors, four-pole, 
series wound, 40-amp., 24-volts, 1,000 
r.p.m. at full load. One motor is sit- 
uated forward and drives 4-in. pinions 
meshed internally in both of the heavy 
front wheels. The front wheels are 20 
in. in diameter and 4 in. wide, with iron 
treads shrunk on. The wheels are solid 
cast and turn on ball bearings. An 
8-in. brake wheel is also keyed on the 
drive motor shaft. The brake band is a 
ful: circle and is operated through a 
toggle motion by the operator releasing 
the pedal. 

The pots containing the castings to 
be annealed weigh from % to 3 tons 
and are lifted 4 in. by the fork, which 
is operated by a motor slung under 
the rear of the tractor. This motor, 
through a worm gear, tips a beam up 
and down, the movement of which is 
checked by a cam throwing out the 
electric switch near the operator. The 
lifting form is solidly cast on one end 
of the beam. 

A pedal operates the main switch and 
releases the brake of the traveling mo- 
tor. The tractor is steered by a 15-in. 
handwheel which turns the single rear 
wheel through a pinion. This wheel is 
solid, 12 in. in diam., 6 in. thick, and 
runs on ball bearings. A stop pin on 
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each side prevents the wheel from turn- 
ing too far in either direction. 

All of the wiring is No. 6 flexible, 
stranded, rubber covered in 1%-in. iron 
conduit. The battery power is sup- 
plied by twenty-five A-6 Edison cells, 
charging rate 45 amp. These are con- 
tained in trays of five each; sheet fiber 
is used between the battery and the 
sheet-iron case enclosing them to pre- 
vent grounding. The cover is also 
lined with sheet fiber to prevent short 
circuits against the caps of the cells. 
Large holes are provided all around the 


This charging truck handles loads 
which formerly required five men 
to move. 

In addition the truck can do this work 


laces where 


faster and go into hot 
not inter- 


men could not work. f 
fered the truck can in 40 min. 
load or empty a kiln containing forty- 
two pots welgaing 20 tons. It was 
made up largely of spare parts of dis- 
carded trucks. 


sides of the enclosing case to lead off 
the potash gas. A 100-amp. charging 
plug at the rear end of the battery box 
connects with the charging line. 

The truck was tried out with the Edi- 
son A-4 cells, but a charge would not 
hold up for half a day under the heavy 
work done. The A-6 cells were then in- 
stalled. The battery solution has to be 
renewed every four months. The 
tops of the cells are cleaned off fre- 
quently with compressed air, and the 
exposed wiring and leads varnished. 

The kiln truck is worked so hard that 
the cells need watering every day. A 
charge of from 60 to 100 amp. is given 
for short periods, and a 50-amp. charge 
for eight hours every night. It is op- 
erated by one man, and when the road 
is clear he can load or empty a kiln and 
handle forty-two pots of castings, 
weighing 20 tons, in 40 min. The trav- 
eling motor is operated by a drum con- 
troller having three speeds forward 
and reverse. 

A 100-amp. knife blade charging 
switch with enclosed fuses is installed 
on one side of the annealing room wall 
where the truck is stored when not in 
use. Alongside of this is an attach- 
ment plug receptacle which is handy for 
an extension lamp or drill when repairs 
are needed. The switch fuse and other 
live parts are contained in an asbestos- 
lined cabinet, with a pilot lamp on top 
wired to indicate whether or not the 
charge is on. A No. 00 rubber-covered 
two-wire line supplies the 115 volts di- 
rect current. The charging switch is 
closed for the night at 5 p. m. and is 
opened by the watchman at 1 a. m. 
New Britain, Conn. H. S. Rion. 


502 Vol.82, No.10 


INDUSTRIAL ENGINEER 


This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 

ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Application of Ball Bearings to 
General-Purpose Motors 


HE many advantages gained by 

the use of ball bearings in all 
kinds of machinery from mill shafting 
to gyroscopes, from automobiles even 
to wheel-barrows, has so far demon- 
strated their usefulness. 

Perhaps in no other field are the ad- 
vantages in the use of ball bearings 
more apparent, and the benefits more 
certain than in that of electric motors. 
No special arrangements are necessary 
for belting in different directions. Up, 
or down, or on the side, makes no dif- 
ference in their efficiency. 

Motor efficiency is, of course, largely 
dependent on the maintenance of a uni- 
form air-gap and as wear in properly 
made ball bearings is very low, it is 
evident that by their use a uniform re- 
lation between rotor and stator wind- 
ings can be obtained. 

In many instances the user of sleeve 
bearings holds to one make of motor, 
simply to keep down his stock of sleeve 
bearing replacements. The carrying of 
different bushings for two or three 
makes of motors represents consider- 
able stock for which space must be pro- 
vided. It also means quite an invest- 
ment. All this is necessary with sleeve 
bearings, as each designer of motor 
bearings works out his own pet 
schemes in his sleeve-bearing design, 
with the result that every type and 
make of motor requires its own par- 
ticular bearing. The use of ball bear- 
ings entirely overcomes this condition 
as the different makes of ball bearings 
are standardized to internationally-ac- 
cepted dimensions. The modern, deep- 
grooved, chrome-steel ball bearing is 
now made to high-grade standards and 
in identical sizes by several manufac- 
turers so that the sources of supply and 
reliability of service are well assured. 

Motors, ball-bearing equipped, will 
give constant service provided the ball 
bearings are properly selected and 
properly housed. If, however, due to 
errors of design, ball bearings require 


replacements, provided stock is not 
available, the nearest bearing service 
station is in a position to give immedi- 
ate service. These stations are estab- 
lished in all the larger cities and carry 
stocks of all the popular sizes. 

There are requirements today where 
no sleeve bearing will serve. For such 
places all makers now supply ball-bear- 
ing motors, even when the same maker 
does not supply or recommend ball 
bearings for his general-purpose line. 
Such a requirement is found in the driv- 
ing motors for tilting tables in roll- 
ing mills. There the motor tips up 
and down as the steel is fed, first 
through the upper rolls and then 
through the lower. 

The lubrication of ball bearings for 
motor service is best accomplished by 
allowing ample space around the bear- 
ing and packing with grease. This in- 
sures a clean motor with no oil soaked 
winding. 

The proper application of ball bear- 
ings requires somewhat more careful 
machine work than is generally given 
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to sleeve-bearing applications. It is 
also necessary that grit of any kind be 
excluded. This is easily accomplished 
with correct design. The accompany- 
ing drawing shows standard, ball-bear- 
ing practice. Note that the bearings 
are driven on the shaft against the 
shoulders. These shaft shoulders must 
be high enough to give a bearing 
against the flat face of the inside ring. 
On the larger sizes there should be also 
provided lock nuts as shown. On the 
smaller motors, however, pressed-on 
sleeves are sufficient. The end bell 
housings show one bearing held against 
side motion. This is accomplished by 
simply facing a small amount from the 
inside face of the end covers. 

To make the application of ball bear- 
ings to electric motors the simplest 
possible stock proposition, the leading 
manufacturers of ball bearings have 


This detail drawing shows an ac- 
cepted practice in the mounting of 
ball bearings in motors. 
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How to Use This Table for 


Finding Ball-Bearing Sizes for Use on Horizontal Motors 


In the diagram at the top of the table 


C represents the distance between the 
centers of the motor bearings and A 
is the distance between the center of 
the pulley end bearing and the center 
of the face of the pulley. By means 
of these dimensions the pulley over- 
hang ratio (C-+A)-—C, is determined 
which together with the motor horse- 


STANOARO BALL BEARING SIZES 


FOR 


ower and speed and the pulley, belt 
nd shaft dimensions are the factors 
overning the selection of the bear- 
ing. Bearing sizes are listed for a 
medium, heavy and wide series for 
the pulley end bearing, with alterna- 
tives for the heavy series and wide 
type, and also the sizes for the other 
„bearing of the motor. 
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The engineers of the several Amer- 
ican manufacturers of ball bear- 
ings listed below have recom- 
mended as engineering standards 
of the industry the accompanying 
ball-bearing sizes as applying to 
horizontal, general-purpose electric 
motors having present Electric 
Power Club pulley diameters, belt 
widths, shaft-extension diameters 
and having pulley overhang ratios 
lying between the maximum and 
minimum values as shown. These 
standards do not apply to motors 
for special purposes nor to those 


having dimensions and overhang 
characteristics beyond the range 
given in the table. The engineer- 
ing departments of these compa- 
nies will gladly furnish additional 
data and recommendations for the 
application of ball bearings to spe- 
cial conditions not covered herein: 

The Fafnir Bearing Co.; Marlin- 
Rockwell Corp., successor to Gur- 
ney Ball Bearing Co.; The New 
Departure Manufacturing Co.; SKF 
Industries, Inc.; Strom Ball Bear- 
ing Manufacturing Co.; Standard 
Steel and Bearings, Inc. 
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given most careful consideration to the 
requirements of this service. In the 
preparation, nearly every American 
make of motor was studied. The ac- 
cumulated data shown in the accom- 
panying table was turned over to a 
Committee of Ball Bearing Engineers 
who had made a special study of elec- 
tric motor requirements. The, recom- 
mendations in the Committee report 
were drawn up and subscribed to by the 
co-operating companies. 

This recommendation is the collective 
experience of the Committee, and is a 
safe guide for bearing selection when 
its conditions are complied with. 

It will be noted that these specifica- 
tions, covering a range of motors from 
% hp. to 100 hp., require a total of only 
sixteen sizes of ball bearings for all 
sizes of motors, with an alternative of 
nine additional sizes for extra-heavy 
duty on the larger motors. These bear- 
ings are standard sizes, not only in this 
country, but throughout the world. 
The unanimous endorsement of bear- 


‘ing sizes by practically all of the lead- 


ing manufacturers of bearings not only 
relieves the motor manufacturers from 
the danger of improper selection of 
bearing sizes, but insures to the user 
the utmost in reliable and efficient per- 
formance and easy replacement in case 
of accident. In every way these spe- 
cifications should mark a distinct ad- 
vance in standardizing motor design. 
[These statements concerning the 
use of ball bearings in motors were 
taken from recent engineering litera- 
ture issued by The Fafnir Bearing Co., 
New Britain, Conn., and The New De- 
parture Mfg. Co., Bristol, Conn.] 


— — 


Tests Prove 
Which Side of Leather Belt to 
Put Next to Pulley 


ECAUSE some users of leather 

belting are in disagreement as to 
whether the grain (hair) or the flesh 
side of the leather belt works best next 
to the pulley the Leather Belting Ex- 
change, an association of manufactur- 
ers of leather belt, ran a series of tests 
in its laboratory in connection with Cor- 
nell University. For these tests, five 
first-quality, 4-in. leather belts made 
by different manufacturers were used 
over two 24-in. pulleys operating at a 
shaft speed of 500 r.p.m., or 3,100-3,200 
ft. per min. belt speed, which was se- 
lected as being of average shop speed. 
Tests were run at tensions of 36 and 54 
lb. per in. of width. In all of the test- 
ing work it was found necessary to run- 
in the test belts thoroughly before any 
final conclusions were drawn. 

The fact that the flesh side has nearly 
its maximum capacity from the first 
while the grain side requires more run- 
ning-in, may lead an inexperienced 
user to conclude that the flesh side is 
the best for transmission. In one case, 
the first test on the grain side was 
below the first on the flesh side, and 
yet the grain side after 6% hr. of run- 
ning-in surpassed even the final tests 
on the flesh side. With further running- 
in this improvement continues until the 
grain side transmits three times as 
much power as the flesh side. 
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None of the five belts transmitted its 
full capacity when first put on. Usually 
the better belts improve the most rap- 
idly, but this is not always so. The rate 
of improvement does not seem to be 
constant, but varies throughout each 
period of running-in. In some cases 
the flesh side tends to decrease in ca- 
pacity with continued running-in. The 
conclusions reached were: 

(1) Under the average shop ten- 
sions, the flesh side averages from 
58 to 68 per cent of the capacity pos- 
sessed by the grain side. 

(2) In general, the grain side will 
transmit from one to three times as 
much power as the flesh side, depend- 
ing on the belt, the tension, and the 
conditions of service. 

(3) With some belts the flesh side 
has a greater capacity than the grain 
side when first put on the pulleys, but 
in no case was a higher capacity ob- 
tained for the flesh side after the belts 
were thoroughly run-in. This is be- 
cause the flesh side usually had nearly 
its maximum capacity at the start with- 
out running-in, while the grain side re- 
quired a period of running-in to reach 
this point. 

(4) “Where there is an increase in 
the capacity of the flesh side due to 
running-in, it is usually less than the 
corresponding increase due to running- 
in the grain side. 

(5) The capacity of the flesh side 
may decrease slightly with continued 
running-in. 

(6) The time of running-in on the 
grain side, required to bring these belts 
up to rated capacity (20-25 hp.), varied 
from 5 hr. with the better belts, to 40 
hr. with the poorest. To bring them to 
approximately maximum capacity re- 
quired from 20 to 63 hr. 


— —— 


Novel Use of Wall Brackets for 


Mounting Motors 
HEN mounting motors on a wall, 
it is not always necessary to 
forge out triangular arms or braces to 
support the mounting platform. In the 
new Chicago plant of the Brunswick- 
Kroeschell Company, ordinary cast- 
iron wall brackets which are used for 
supporting lineshaft hangers or pillow 
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blocks, were attached to the wall and 
used as a support for the motor plat- 
form, as shown in the accompanying 
illustration. Each bracket has a 


Here the motor is mounted on an 
easily-constructed platform. 


Instead of buildin a special iron 
framework upon which to mount the 
motor platform, these cast-iron wall 
brackets were attached to the wall. 
T-grooves made it easy to bolt the 
platform on to the bracket and also 
permit of adjusting them as desired. 
The motor is controlled by a push 
button as shown. The four chains 
are used for opening sash in the 
monitor roof. 


T-groove to which the platform may be 
bolted without the necessity of boring 
any holes in the iron frame. Many 
plants have surplus equipment of this 
sort on hand which could be used in 
this way. It would probably be as 
economical and as easy to purchase new 
brackets as it would to make a special 
iron framework. 
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Operating Belts Where Pulleys 
Are Close Together 


XPERIENCED millwrights know 

of the risk involved in running 
two belts on one pulley. It does not 
make any difference whether the belts 
take off in the same or opposite direc- 
tions. The least side slap, which 
causes the belts to touch, or the break- 
ing of a belt results in a disaster of 
greater or less degree. The same is 
true of two pulleys of different diam- 
eters that are placed side by side, be- 
cause belts have a propensity for 
crowding toward each other and the 
inevitable accident follows. 

It is for this reason that the experi- 
enced man always leaves plenty of 
room between pulleys. Good practice 
requires a space wider than the width 
of either belt and it is preferable to 
make that space double if there is any 
way of arranging drives to this end. 
A common practice, though one not 
recommended, is to fasten a stick from 
overhead so that it keeps the belts sep- 
arated; this, however, is weak because 
it occupies so little space and a belt can 
sway or its free end slap around the 
stick until it comes into contact with 
the other belt on the moving pulley. 

One plant in the screw products in- 
dustry found that its production ar- 
rangement of machines called for a 
score or more of these danger points. 
A 24-in. pulley had to be set on the 
line-shaft tight up against an 18-in. 
pulley with no good way to avoid it if 
floor space were to be conserved. The 
plant was built in 1917 and these pul- 
leys have been run safely and satisfac- 
torily ever since by the scheme shown 
below. The belts from these pulleys 
run in opposite directions. 

A wooden flange was made up for 
each pair of pulleys. No attempt was 
made to skimp on the quality of the 
lumber or to make a cheap job, for it 
was realized that to be of any good at 
all, the flange must be made right. At 
that, the cost was low because the full 
number were made at once which 
greatly lessened the set-up time. 

Seasoned maple was used for the 
flanges which were made in the form 
of discs, laminated to minimize warp- 
ing, and with the plies laid at right 
angles. Commercial “one inch” stock 
was used which usually planes to 25/32 
in. It was planed still thinner in order 
that the finished flange would not oc- 
cupy more than 14 in. longitudinally 
on the shaft. 

Referring to the drawing, it will be 
seen that the separate plies are screwed 
and glued together and that the whole 
is screwed to the rim of the larger 
pulley and split, becoming to all in- 
tents a part of the pulley. These were 
placed on a mandrel and lathe turned 
to make them concentric and true and 
the corners well rounded to prevent belt 
chafing. DonaLp A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 


With this special flange belts are 
run in opposite directions, although 
the pulleys are placed close to- 
gether. 


October, 1924 
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or improved methods. 


Portable Post Bench with Vise 
for Construction or Repairs 


ORMERLY in a structural iron 

shop the work required the use of 
pipe vises at various positions through- 
out the shop. These were fastened 
with lag screws to the wooden posts 
which supported the roof. The posts 
were drilled and the lag screws holding 
the vise base were screwed directly into 
the posts. 

Obviously abuse and contact with 
plates and girders which were being 
swung about was detrimental to the 
life of the posts and in a few years 
they were replaced by steel columns. 
The foreman then decided it would be 
unwise to drill each of the columns for 
bolting the vises into position, while at 
the same time facilities for grouping 
vises adjacent to the work were de- 
sired. 

To accomplish this a vise-handling 
method was adopted, which is shown in 
the illustration. However, this has 
features which make it a most desir- 
able idea for any shop requiring either 
portable pipe or bench vises or for re- 
pairmen. Several oak blocks 6 in. x 
6 in. x 3 ft. were made with undercut 
or mortised sections about an inch deep 
at the center to fit the columns as 
shown. Each of these blocks was 
bored near the ends for long through- 
bolts. At the ends of these blocks, both 
top and sides, holes were drilled for at- 
taching pipe or bench vises. These 
blocks are readily removed and may be 


Although this post bench was made 
for the Production Department, re- 
pairmen will find it useful. 


With several pipe and bench vises, 
like these mounted on 6-In. x 6-in. tim- 
bers it is easy to erect a temporary 
stand almost anywhere in the shop. 
Where repairmen have a truck to carry 
their tools around a pair of these blocks 
may be included. 


In the Repair Shop 


This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 
Contributions are always welcome. 
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stored in the corner of the shop when 
not in use. Whenever vises are needed, 
it is only a matter of putting up two 
blocks and inserting the through-bolts. 
One or more vises can then be placed 
to meet any requirements. Apart from 
the portable and removable feature of 
these improvised benches, they are ad- 
justable for height and have a space 
in which tools may be placed, which is 


a distinct advantage. 
Washington, D. C. G. A. Lurns. 
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How to Locate Common Troubles 
in Armatures 


EFECTS in the armatures of 

direet- current motors and gener- 
ators show up in various ways but can 
ordinarily be located without a great 
deal of difficulty. If a few of the symp- 
toms and causes of the more common 
defects are well known, the diagnosis 


Steel column -r 
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and location of these troubles is still 
further simplified. For this reason the 
following suggestions may be of inter- 
est to readers of INDUSTRIAL ENGINEER, 

A short circuit in an armature coil 
is a very frequently encountered 
trouble which is indicated by flashing 
at the commutator and heating of the 
armature and will result in burning out 
of the coil unless it is cleared up. This 
defect is usually caused by metallic 
particles of some kind bridging across 
the insulation between the commutator 
bars, by the risers being knocked to- 
gether, on lap-wound armatures, or by 
one or more turns of the coil coming 
into direct contact and causing a short 
circuit. 

The faulty coil can usually be lo- 
cated by its excessive temperature com- 
pared to that of the rest of the coils, 
by the baked appearance of the insula- 
tion of the faulty coil or by measuring 
the resistance. If the trouble is in a 
generator the brushes can be raised 
from the commutator and with the 
fields properly excited the armature 
may be rotated for a few moments at a 
time. The short-circuited coil, which 
is of low resistance, will generate a 
heavy current causing it to heat. 

A ground at one point in an armature 
winding will not always cause serious 
trouble, although it is a source of dan- 
ger to the operator, but if the insula- 
tion should break down at a second 
point in the winding a short circuit is 
produced and a burn-out will result. A 
good method of locating a grounded ar- 
mature coil is to pass a direct current 
of a few amperes through the armature 
by its own brushes. Touch one ter- 
minal of a voltmeter, or a galvanometer 
which is not too sensitive, to the shaft 
of the armature and with the other 
terminal lead make contact with the 
commutator bars in succession until 
contact with a certain one of the bars 
will show no deflection of the instru- 
ment. The coil connected to this bar 
or the bar itself will be found to be 
grounded. If a galvanometer is used, 
care should be taken to keep it far 
enough away from the armature so 
that it will not be affected by the 
armature magnetism. 

A ground or partial short circuit be- 


506 


. tween coils is manifested by heating 
and sparking. In the case of a bipolar 
generator, excite the field coils and 
turn the armature over by hand. It 
will be found that the armature will 
turn quite hard until it reaches a cer- 
tain position, where one-half of the 
armature will oppose the other half. 
At this position mark the armature at 
the center of the pole pieces and the 
trouble will very nearly always be 
found in coils under the marks. If the 
generator is multipolar, all but one 
north and one south pole directly op- 
posite should be cut out of circuit and 
all of the brushes lifted except those 
for the two active poles. The field may 
then be excited and the test made as 
above. The same test holds good for a 


motor; excite the field and limit the- 


current in the armature to a value at 
which the armature will just rotate. 
Then by turning the armature by hand 
against rotation a position will be 
found at which the armature will have 
no torque. It will be found that the 
coils directly under the middle of the 
pole faces when the armature has no 
torque are the faulty coils. 

An open circuit or high resistance in 
the armature circuit causes heavy flash- 
ing at the brushes and produces flat 
spots on the commutator. There will 
be sparking each time the segment to 
which the coil is connected passes under 
a brush. This trouble is distinguished 
from that caused by a short-circuited 
coil by the fact that the armature as a 
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whole is not heated. The open circuit 
or high resistance is usually found on 
the commutator or riser, whichever it 
may be. As a rough test, in case of 
high resistance in the armature, if a 
current of a few amperes can be sent 
through the faulty coil the point of 
high resistance can be located by the 
heat developed there. Another method 
of locating these faults involves the use 
of an ammeter connected to a low- 
voltage source of current. The ter- 
minals should be small enough to rest 
on a single commutator segment and 
should be applied to the commutator at 
two opposite points. The ammeter read- 
ing should be noted and the armature 
rotated slowly. At the point where 
the open circuit is located the reading 
will drop to zero. 


Muncie, Ind. GEORGE CBOPPEB. 
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Motor Rewound for Two Voltages 
and Different Speed 


N INTERESTING problem came 

up recently in connection with 
rewinding a motor for operation on two 
different voltages, with a change in 
speed. This was a Westinghouse mo- 
tor, type CCL, three phase, 60 cycle, 
10 hp., 220 volts, 25.8 amp. per ter- 


minal, 850 r.p.m. The old winding con- 


Method of connecting three-phase, 
six-pole motor for operation on 
220 or 440 volts. 
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sisted of forty-eight coils of sixteen 
turns each of three No. 14 d.c.c. wire, 
in ninety-six slots, coil pitch 1-and-12, 
connected two-parallel star. The owner 
wished to have the motor rewound for 
1,200 r.p.m., increasing the horsepower 
to 15, if possible. He also wished to 
have the winding connected so that the 
motor could be operated on either 220 
or 440 volts., 

Checking the horsepower, the new 
rating of this 900-r.p.m. motor would 
be (1200 X 10) ~ 900 equals 18% hp., 
but according to data on hand, this 
frame is good for 15 hp. at 1,200 r.p.m. 
At 440 volts the amperes per terminal 
would be 20 amp.; at 220 volts, 40 amp. 

The old or 900 r.p.m. winding con- 
sisted of 48 — 3 = 16 coils per phase, 
with 16 turns per coil or a total of 
16 X 16 = 256 turns per phase. Then 
for 1,200 r.p.m. the turns per phase 
equal (256 X 900) ~ 1,200, or 192 turns. 
As a two-layer winding was required, 
there would be ninety-six coils, with 
96 — 3 = 32 coils per phase. The turns 
per coil would be 192 32 =6 turns 
per coil. The size wire would be 
(256 X 12,321) — 192 = 16,428 circ. mil. 
One No. 14 wire has an area of 4,107 
circ. mil, and three an area of 12,321 
circ. mil. Then 16,428 — 4 = 4,107; 
therefore, four No. 14 d.c.c. wires would 
do. The new two-layer coil would have 
six turns of four No. 14 d.c.c. wires 
per coil, or 2X 6X 4=48 wires per 
slot; the old winding had 16 x 3 = 48 
wires per slot, both windings having 
the same space factor. 

The eight-pole pitch was 1-and-12; 
full pitch would be 96 --8 = 12 or 1- 
and-13. Then 1-and-12 is 11 12 = 
92 or 92 per cent pitch. The six-pole 
pitch would be (96 — 6) X 92 = 
14.72 or 1-and-14 would do. 

The chord factor of the 1-and-12, 
eight-pole pitch was 96 — 8 = 12, and 
180 deg. — 12 = 15 deg. Then the sin 
of (11X 15)—2 or 82 deg. 30 min. 
equals .99144 and the chord factor of 
the 1-and-14, six-pole pitch would be 
96 —- 6 = 16, and 180 16 = 11.25 deg. 
The sin of (11.25 X 13) 2 or 73 deg. 
7% min. equals .9569. The 1-and-14 
pitch would be satisfactory, as increas- 
ing the pitch would also increase the 
coil projection beyond the iron and re- 
quire more copper. 

For six-poles, three phase, there 
would be 3 X 6 = 18 pole-phase groups, 
and with ninety-six coils there would 
be twelve groups of five coils in series 
and six groups of six coils in series, 
arranged as follows: 655, 556, 565, 
655, 556, 565. 

The motor was to be connected to 
operate on 220 or 440 volts and this 
was accomplished by using nine leads, 
making possible a series-star and a 
two-parallel star connection. The dia- 
gram shows this arrangement, and the 
method of making the change outside 
the motor. 

The 1,200-r.p.m. data was, then, 15 
hp., 220-440 volts, 40-20 amp. per ter- 
minal, three phase, 60 cycles. There 
were ninety-six coils, each coil consist- 
ing of six turns of four No. 14 d.c.c. 
wires in parallel, pitch 1-and-14, con- 
nected series-star for 440 volts, and 
two-parallel star for 220 volts. 
Pittsburgh, Pa. A. C. Ror. 
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Laying Out Wave 
Windings 
(Continued from page 489) 


placed on the A: and Ci leads so as 
to point into the winding, then the 
arrow on B: should point out of the 
winding. In the schematic sketch 
shown at the lower right-hand cor- 
ner of Fig. 12, the A. and the Ci 
leads are given a polarity such that 
the arrows point into the winding 
and the B: lead has a polarity such 
that the arrow points out of the 
winding. Then for the series-delta 
connection to be correct, in tracing 
around the delta, you should be able 
to follow through one phase against 
the arrow and the remaining two 
phases with the arrows; or if you 
started the opposite way, you would 
have two consecutive phases against 
the arrows and through the third 
phase with the arrow. 

The next point in our considera- 
tion of wave windings is to deter- 
mine how many circuits it is 
possible to secure. We will first con- 
sider the one-coil-per-cell, two-layer 
winding. This type of winding can 
only be connected in series or two- 
parallel. The way the two-parallel 
connection is obtained is shown in 
Fig. 16. This figure shows a four- 
pole, two-phase, left-hand winding, 
which is similar to the winding 
shown in Figs. 7 and 8. In any 
wave winding of this type, each 
phase is divided into two equal sec- 
tions having two leads per section, 
or four leads per phase; that is, 
there will be two ingoing and two 
outgoing leads per phase. In Figs. 
8 and 16 the two ingoing leads are 
Bi and R. for the B phase and the 
two outgoing leads for the B phase 
are B: and R.. If we remove the re- 
versing jumpers and connect R: to B: 
and R. to B:, and attach a line lead 
to the junction of each of these pairs 
of leads, we will have divided the 
phase in half, cutting down the turns 
50 per cent and increasing the cur- 
rent-carrying capacity 100 per cent. 


In the 4 phase, the A: line lead is 


connected to the A: and R: leads and 
the A: line lead is connected to the 
A: and R: leads; that is, the starting 
leads of the two sections of the same 
phase are connected to one line and 
the finishing leads to the second line. 

Fig. 17 shows how the three-phase, 
series-star connected winding shown 
in Fig. 11 was changed to make a 
two-parallel star-connected winding. 
First, open the reversing jumpers 
and connect the end of the first sec- 
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tion of one phase to the star ring, 
and the other jumper lead, which is 
the start of the second section of 
the same phase, should be connected 
to the line lead that connects to the 
start of the first section of this 
phase. For the A phase, the first 
reversing jumper lead, R., will be 
connected to the star ring as shown 
in Fig. 17. The second reversing 
jumper lead, R» will be connected to 
the line lead that connects to the 
start of the first section; that is, it 
will connect to A: as is shown in Fig. 
17. This procedure should be re- 
peated for each phase. Then each 
line will have connected to it the 
starting lead of both sections in that 
phase and the finishing leads of all 
sections will be connected to the star 
ring. This layout is shown in the 
schematic sketch in the lower right- 
hand corner of Fig. 17. 

The method of making a change 
from a series-delta to a parallel-delta 
connection is shown in Figs. 12 and 
18. In Fig. 12, as was explained 
previously, is shown a series-delta 
connected winding. Fig. 18 shows 
the same winding connected parallel 
delta. The method of making a 
change from series-delta to parallel 
delta is to locate the line and re- 
versing leads of each phase; then 
open the reversing jumper and con- 
nect the starting lead of the second 
section to the starting lead of this 
phase. Likewise, connect the finish- 
ing lead of the first section to the 
finishing lead of this phase. For 
the A phase, this would mean that 
N: would be connected to A,, and that 
Hi would be connected to A: Repeat 
this for each phase. Then the paral- 
lel sections, which we now have 
should be connected in delta as was 
explained previously. Each line 
lead should then have two top and 
two bottom leads connected to it. 
This is clearly shown in the schem- 
atic sketch in the lower right-hand 
corner of Fig. 18. 

When a winding consists of two 
or more coils per cell it is possible 
to get still further parallel reduc- 
tion. For example, take the winding 
shown in Figs. 13, 14 and 15. In 
this winding which has two coils per 
cell, it is possible to parallel the coils 
per cell, thus making it equivalent to 
a one-coil-per-cell winding of twice 
the cross section. Then the sections 
of the winding could be paralleled as 
shown in the previous paragraph. 
Hence, the conclusion may be drawn 
that it is possible when a winding 
has two coils per cell, to get the 
equivalent of a four-parallel con- 
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nection regardless of the number of 
poles in the winding. 

To parallel the two coils in any 
one cell, it would not be necessary to 
remove all the connecting clips and 
join each coil to its mate. The same 
effect could be obtained by removing 
the clips between the beginning and 
end of each section or at four places 
in a two-phase winding and at six 
places in a three-phase winding. The 
end and start of each slot series 
could then be reclipped and thus par- 
allel the coils per cell. For example, 
in Fig. 18, we could remove the clip 
that connects lead O to top lead M, 
connect M to N to form the phase 
lead, remove the clip from P and L, 
then connect K and L to O and P, 
with the result that we would have 
coils 8, 1, 4 and 2 in parallel without 
disturbing the connections at Y. It 
is obvious that the larger the num- 
ber of poles the greater would be 
the time saved by this method. In 
Fig. 14, after opening the connec- 
tion between S and K, S and T 
would connect together, to form the 
Rı lead. Leads O, P, K, and L would 
be connected together to form a 
short pitch connection. The same 
procedure could be followed for each 
of the other sections. 

When a winding has three times 
as many coils as slots, the voltage 
can be reduced one-third and then 
one-half again, by paralleling the 
three coils per cell and then parallel- 
ing the sections of the winding. It 
is useless to try to get a four-paral- 
lel connection by paralleling the two 
coils in one slot and the remaining 
coil in this slot to one of the coils in 
an adjacent slot, even if the number 
of slots and coils permits it. The 
coils in the two separate slots are 
out of phase and would set up cir- 
culating currents and heat the motor. 
This was explained in the last para- 
graph on page 429 of the September 
issue Of INDUSTRIAL ENGINEER, in 
which the first article of this series 
appeared. 

With four coils per cell, the wind- 
ing can be divided into four parallels 
by paralleling all the coils in one slot 
and if the sections of the winding 
are then paralleled, the equivalent 
of an eight-parallel connection would 
be obtained. In any case, to paral- 
lel the coils per slot, it is only neces- 
sary to reclip the coils at the point 
where the short pitch occurs. 

In the third article of this series 
will be given tabulations that will 
help the winder lay out wave wind- 
ings and greatly shorten the work 
of constructing a winding diagram. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. It 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Page Belting Company, Concord, N. H. 
— 28- Page booklet, entitled, 
„Leather Link Belting,” describes and 
gives a number of the applications 
in which link leather belting may be 
used to advantage. These belts are 
made of short links of leather fas- 
tened together by pins. These links 
are applied on edge to the pulley. 
This belt is claimed to have long life 
and operate well under many severe 
operating conditions. 

Mitchell - Rand Manufacturing Com- 
pany, 18 Vesey Street, New York, 
N. Y.—Twenty-one samples of hard 
maple wood armature wedges are 
placed in an envelope with an eyelet 
so that it may be hung up in the 
shop. These samples are placed 
loosely in the envelope so that they 
may serve as gages to check the size 
desired for any piece of work. 
Formerly these were glued to a card. 
The size and type of each sample 
wedge is stamped on it. The envelope 
also contains a complete price list. 


Superior Switchboard and Devices Com- 

any, Canton, Ohio—A 36-page book- 
et, entitled, Meterology,“ is of 
Landy poker size for quick refer- 
ence. It has been compiled for the 
aid and convenience of meter men 
and contains practical data and dia- 
grams of meter and switchboard in- 
stallations. 


Trico Fuse Manufacturing Company, 
Milwaukee, Wis.—A folder describes 
the new Trico handy pocket-size fuse 
puller and replacer for all fuses up 
to 200 amp., 250 volt, and 100 amp., 
600 volts. This is made of the high- 
est grade genuine gray horn fiber and 
tested at 35,000 volts. 


The Hullhorst Micro Tool Co., Toledo, 
Ohio—A new illustrated folder de- 
scribes the construction and opera- 
tion of the Hullhorst mica under- 
cutting machines. These are made 
in two types: portable and for use 
in a lathe, on either a.c. or d.c. 
supply. 

The Drake Electric Works, 3943 Lin- 
coln Avenue, Chicago, III. Catalog 
703 describes the Drake mechanics, 
soldering iron with removable tips 
and heating element of nichrome wire 
wound on a lava core. 

Century Electric Company, St. Louis, 
Mo.—Form 532 describes and illus- 
trates several applications of Century 
motors for pumps and compressors. 


The Cutler- Hammer Manufacturing 
Company, Milwaukee, Wis.—Publica- 
tion 3,217 entitled, “Safety in The 
Rubber Mill,” makes particular refer- 
ence to the application of the C-H 
magnetic clutch brakes in rubber 
mills, where they are used to secure 
quick stopping of mixing and crack- 
ing rolls, washers and calenders 
when accidents occur. These can be 
used on any rotating machinery that 
must be stopped instantly, either in 
its operation or in an emergency. 


Bird Machine Company, Pulmax Drive 
Division, South Walpole, Mass.—A 
30-page catalog describes the “Pul- 
max Short Center Drive,“ discusses 
the principle of its operation and its 
advantages by illustrating various 
applications. This is a special device 
for increasing the arc of contact of 
the belt on the smaller pulley without 
excessive increase in tension. 


The Williams Foundry and Machine 
Company, Akron, Ohio—Catalog 10 
covers the 19 sizes of Akron friction 
clutches ranging from % to 1,000 hp. 
at 100 r.p.m. The clutch is of the 
disk type which is applied by rollers 
in the toggle arm. Several pages are 
devoted to useful data and tables. 


Reliance Electric and Engineering Com- 
pany, Cleveland Ohio—Bulletin 2016 
describes the Type T heavy-duty Re- 
liance planer motors for reversing 
service. In addition to a complete 
description of the motor and its ad- 
vantages a number of illustrations 

, are given showing planer installa- 
ions. 


Irvington Varnish and Insulator Com- 
pany, Irvington, N. J.—Catalog 101, 
entitled, “Irvington Insulation” de- 
scribes the various insulating mate- 
rials, and also the method of apply- 
ing and other facts concerning the 
use of the different insulating var- 
nishes. 


Ohio Brass Company, Mansfield, Ohio 
—Circular describes the O-B 500 volt 
arc welder of the series resistance 
type which is specially designed for 
rail bond welding. 

The O. C. White Company, Worcester, 
Mass.—A circular entitled “Applied 
Lighting” shows the various styles 
of adjustable wall and bench fixtures, 


as well as floor stands for industrial 


lighting. 

Crouse-Hinds Company, Syracuse, N. Y. 

— Folder 11 describes and illustrates 
an interlocking switch and plug 
which is claimed to be 100 per cent 
foolproof, simple in construction 
and positive in action. With this it 
is impossible to withdraw the plug 
or open the door of the fuse depart- 
ment unless the safety switch is open 
and also impossible to close the 
switch unless the plug is fully in- 
serted and the door of the fuse com- 
partment is closed. 


Charles Cory & Sons, Inc., 183-7 Var- 
ick St., New York, N. Y.—Catalog 
bulletin 50-A describes the Cory anti- 
noise inter-communicating telephone 
with magnavox loud-speaking fea- 
tures for marine and noisy industrial 
applications. Bulletin 103-A de- 
scribes the Cory-Recony control for 
electric operation of valves. Bulletin 
M-104A, covers the Cory signal sys- 
tem for electric visible signals for 
communicating routine instructions 
as may be used between important 
points in central stations, mines, 
pumping plants and other industrial 
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fields. Bulletin 105-A describes the 
Cory-Robinson disconnecting switch 
interlock which prevents unauthor- 
ized persons from getting at the 
connecting switches, instrument 
transformers, and other disconnect- 
ing units in bus and feeder lines. 
Bulletin 101-29-B covers the Cory- 
Record ohmmeter for testing the in- 
sulation resistance of electrical appa- 
ratus, machinery and cables. 


Albert & J. M. Anderson Manufactur- 
ing Company, 289-305 A Street, Bos- 
ton, Mass.—Bulletin 37 describes the 
several kinds of automatic time 
switches, gives a number of the var- 
ious applications and instructions 
for their operation. 


Truscon Steel Company, Youngstown, 
Ohio—This literature describes a 
new type of steel pole for transmis- 
sion and lighting ea arg pressed 
from steel channels or I-beams. 


Industrial Controller Company, Mil- 
waukee, Wis.—Bulletin 2200-B covers 
alternating-current, hand-operated 
compensators, Type C, with oil im- 
mersed switches for starting poly- 
phase motors. Bulletin 8527-8526 is 
on the alternating-current, across- 
the-line type of starter with low- 
voltage and overload protection. This 
may be operated from a push button 
station or by automatic starting de- 
vices. Bulletin 8605 describes the 
alternating-current automatic com- 
pensator with oil-immersed contacts 
for use in starting 55 squir- 
rel-cage motors. is is built for 
remote control and automatie or hand 
operation. 


Leeds and Northrup Company, 4901 
Stenton Avenue, Philadelphia, Pa.— 
Catalog describes the apparatus and 
method of the hump method for the 
treatment of steel. This consists of 
the use of an electric furnace with 
manual control equipment, a single- 
point recording potentiometer to in- 
dicate the proper quenching point 
and a quenching tank. 


Foote Bros. Gear and Machine Co., 
213-221 North Curtis Street, Chicago, 
Ill—A new bulletin “Foote IXL 
Flexible Couplings” describes, with 
prices and dimensions, this com- 
pany’s line of flexible couplings for 
every purpose and ranging in size 
from the smallest units made to 
couplings for transmitting several 
hundred horsepower. It contains 
much practical information on the 
use of flexible couplings and will be 
sent to anyone interested. 


Electric Furnace Construction Com- 
pany, Jefferson Building, Philadel- 
pale, Pa.—A folder illustrates a num- 

er of installations of electric heat- 

treating, enameling furnaces, arc 
smelting furnaces and electric steam 
boilers. 


Century Electric Company, St. Louis, 
Mo.—A folder illustrates by means 
of a cut-away photograph the con- 
struction of a repulsion-start, Cen- 
tury, single-phase induction motor. 
Arrows and explanatory notes point 
out and explain special features of 
construction. 


Roller-Smith Company, 229 Broadway, 
New York, N. Y.—Bulletin 160 de- 
scribes the Type GSA alternating- 
current portable instruments, such as 
ammeters, voltmeters, volt-ammeters, 
single-phase and polyphase wattme- 
ters, frequency meters, power factor 
meters, transformers, multiplies and 
“Y” boxes. i 
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Allis-Chalmers Type “AR” Induction Motors 
in the Wood-working Industry 


The Type ‘‘AR’’ Squirrel Cage Induction Motor is used in a great number of 
wood-working plants throughout the country. 


The all-steel frame construction makes it a very rigid and strong motor, elim- 
inating breaking of feet. 


Free and open ventilating passages „ good ventilation and make the 
motor accessible for cleaning. 


Large rigid shafts with ample size 8 reduce bearing troubles to a min- 
imum. 
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Good Service Is 
Worth the Price— 


On the Other Hand, In- 
different or Poor Service 
from Men or Machines 
Breeds Trouble, Spoils 
Dispositions, Disrupts 
Things in General and 
is Expensive at Any Price 


` URING the past year or so I 
' have been able with the help 
of some old-timers who remember 
the kind of service first invaded by 
a motor and had a hand in this 
work, to give on this page some in- 


teresting examples of what seem to 


me to be two very important truths. 

First, a good piece of apparatus 
like a motor that can tell a story of 
service without expensive repairs 
for eighteen or twenty years, is 
cheap at the top price that is asked 
for it. One which falls short of half 
this measure of service is expensive 
at any price. 

Second, that motors have been 
built better than the designers really 
knew and details of correct installa- 
tion are now more important than 
new refinements in design which, if 
needed at all, must usually be justi- 
fied by competition in meeting a 
lower price. 

Motors are bought to use and not 
to repair, so that service after all is 
the proof of good design, good work- 
manship and a fair price. Records 
of a few cases that measure up to 
these standards have been given on 
this page in past issues of INDUS- 
TRIAL ENGINEER. 

The accompanying photograph 
tells another interesting story of 
service from two Westinghouse gen- 
erators, each rated 150 kw., operated 


Chicago, November, 1924 


Number 11 


at 220 volts, and direct-connected to 
Ball high-speed engines. These gen- 
erators were installed in the Cham- 
berlain Hotel in Des Moines, Iowa, 
in 1904 and have since furnished 
light for the building and power for 
operating elevators and other equip- 
ment. These machines are still in 
fine condition and good for some 
years to come. In checking up the 
service on these machines, Dr. E. S. 
Chamberlain, President of the Cham- 
berlain Medicine Company at Des 
Moines, has written me as follows: 

This is in reply to your favor of 
September 26. In January, 1904 I 
purchased two 150-kw. Westinghouse 
generators direct from the Westing- 
house Company at Pittsburgh, Pa., 
and also two Ball engines direct from 
the Ball Engine Company at Erie, Pa. 
These were installed in the Chamber- 
lain Hotel and I believe they have 
been in constant use ever since. I 
know they did excellent work while I 


was connected with the hotel and for 


ten years after, while W. L. Brown 


was in charge. 


C. H. Hartnagle, present manager 
of the Chamberlain Hotel at Des 
Moines, has written me as follows 
about this equipment: 


During the past ten years the only 
repairs that have been made to our 
engine-driven, Westinghouse generators 
have been turning of the commutator 
of one of them and replacing the eccen- 
tric on one engine. During this period 
there have been four different chief 
engineers in charge of our plant, and 
previous to that time there were two 
others who operated the plant from 
the time it was installed. The equip- 
ment at this time is in very good con- 
dition. The windings and insulation 
are apparently as good as new. We 
believe that the reason for the good 
service we have had is because the 
equipment was very good and that it 
has been operated and kept up by good 
engineers. 


To be sure, some of the early de- 
signs shown are now relics, but 
their service furnishes practical in- 
formation on which theorists can 
theorize some more on motor depre- 
ciation and what may be expected as 
a satisfactory useful life. 
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A Glimpse into the Works of the 
Anaconda Copper Mining Company 


Which mines, smelts and refines copper ore, producing forty milli 
its manufacturing organization, The American Brass Company, 


HE United States is 
producing 60 per 
cent of the world’s 
output of copper and con- 
sumed in 1923 over 1,500,- 
000,000 lb. or more than 75 
per cent of all copper mined. 
The Anaconda Copper 
Mining Company has, 
through its association with 
The American Brass Com- 
pany, established for the 
first time a unified service 
from copper mine to the ul- 
timate consumer of copper 
products. One organization 
is responsible for every op- 
eration—from the time the 
ore is extracted from the 
earth and converted into virgin 
metal until it is wrought into a wide 
variety of copper, brass, bronze and 
nickel silver products, in the form of 
sheets, wire, rods and tubes, used for 
thousands of miscellaneous commer- 
cial, industrial and household pur- 
poses. 
Modern copper production is a 
complicated and highly scientific 
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process. The mining operation 
yields ore which then undergoes a 
variety of treatments, such as con- 
centration, roasting, smeltihg and 
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on pounds of electrolytic copper monthly, and through 
produces copper and copper-alloy materials and shapes 


One of the big problems is 
pumping water from the mines. 


This shows a battery of quintu- 
plex vertical electric pumps with 
a capacity of 600 gal. per min., 
under a head of 1,200 ft. Each 
pump is direct connected to two 
150-hp., 2,300-volt motors. These 
pumps are operated underground 
at High Ore Mine, Butte, Mont. 


A 
converting, and finally 
emerges in metallic form. 
Some idea of the size of An- 
aconda operations in Mon- 
tana is obtained from the 
fact that during the past 
forty years the Anaconda 
Copper Mining Company has 
produced there a total of 
100,000,000 tons of copper 
ore, which would fill a train 
13,000 miles long. The copper con- 
tent of this amounted to over 4,000,- 
000 tons or 4 per cent of the ore 
mined. If it were all drawn into 
copper wire, such as is used in tele- 
graph or telephone lines, this copper 
would reach 50,000,000 miles. 

About 90 per cent of all copper 
consumed in the United States last 
year was refined by the electrolytic 
process, which produces pure, high- 
conductivity copper. All Anaconda 
copper is electrolytically refined, 
either at Great Falls, Mont., or at 
Perth Amboy, N. J., adjacent to New 
York harbor. The plant at Perth 
Amboy is one of the largest electro- 
lytic copper refineries in the world, 
covering an area of forty acres and 
having refining capacity of about 
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November, 1924 


Four of the manufacturing plants of 
The American Brass Co. 


The two plants at the left are located at 
Waterbury, Conn., the main office of The 
American Brass Company. The two at the 
right are at Ansonia, Conn. (top) and Ke- 
nosha, Wis. This company is the world’s 
largest manufacturer of copper and copper 
alloys in the form of sheets, wire, rods, 
tubes and special shapes. The seven plants 
located near the industrial centers turn out 
in excess of 600,000,000 lb. annually. 


40,000,000 lb. of copper monthly. 

The American Brass Company, 
with headquarters at Waterbury, 
Conn., is the world’s largest manu- 
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facturer of copper and all combina- 
tions of copper, zinc, lead, tin and 
nickel, which can be wrought in the 
form of sheets, wire, rods, tubes and 
special shapes. The Anaconda Cop- 
per Mining Company also operates 
a rod and wire mill with a capacity 
of 125,000,000 lb. per year, at Great 
Falls, Mont. 

The growth of the electrical in- 
dustry is, in part, responsible for 
the greatly increased use of copper. 
This industry now accounts for 
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about 60 per cent of the total do- 
mestic copper consumption, or about 
900,000,000 Ib. a year. Hydro-elec- 
tric development now under way 
promises to add greatly to the elec- 
trical industry’s consumption of cop- 
per, for each kilowatt of energy de- 
veloped requires approximately 8 lb. 
of copper. 

Copper, brass and bronze come 
into numberless uses in building, as 
hardware fixtures, as wire, and as 
screening; (Continued on page 556) 


which concentrate 


Three important steps in the smelting of copper. 3 


Much of the ore has to have the sulphur roasted out of it first. 
The ore is then ground and washed in Hancock jigs (upper left) 
the ore. 
corner show the Oliver filters for removing the water from the 
concentrate, before smelting. 
65-ton charges of molten matter with a copper content of from 
40 to 50 per cent have air under pressure of 16 lb. per sq. in. 
blown through the liquid mass to burn off the remaining sulphur 
and slag the iron. 
nall amounts are also recovered from the ores. 


The illustrations in the lower left 


In the converting process (below) 


In addition to copper, gold and silver in 
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Repairing and Rebuilding 
Electric Elevators 


With the Routine Followed and Order Forms Used 
in Sending the Work Through the Shop and Keeping 
a Permanent Record of Each Job 


By R. H. KUEHMSTED 


Vice President, Thompson and Jameson, 
Inc., Chicago, Illinois 


LEVATOR repair work is in 
D most cases an emergency job 

and must be handled as such. 
Contrary to the general opinion, ele- 
vator accidents such as the car fall- 
ing, cables breaking and so on, are 
seldom fatal, so far as human life is 
concerned, because modern safety 
appliances are so efficient that dan- 
ger of serious injury to the operator 
or passengers has been reduced to a 
minimum. However, elevators are 
used so widely for carrying both 


passengers and freight that any 
failure of this mode of transporta- 
tion may, and usually does, result in 
a great deal of inconvenience or a 
serious delay in production. In any 
event it is a situation which must be 
cleared up as quickly as possible in 
order that service may be restored 
with the least possible delay. 

For many years we have special- 
ized in the installation and repair of 
electric elevators and inasmuch as 
this means that our plant must be so 
organized that all of the work which 
comes in can be scheduled and han- 
dled with the utmost despatch, with 
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The inspector shown here is finishing up 
his work on the elevator machine by watch- 
ing and feeling the cables for broken wires 
and other defects. 


each department doing its job at the 
proper time, an account of our meth- 
ods and the routine followed may be 
of interest. In addition to the ele- 
vator work mentioned above, we do 
a large amount of business in the 
repair of motors and starting equip- 
ment, and the sale and rental of used 
motors. 

There are approximately fifty dif- 
ferent makes of electric elevators in 
use. These are made in various de- 
signs and sizes, so that an attempt to 
carry in stock a complete set of re- 
placement parts would result in tying 
up a large amount of capital and 
space. Further, many elevators 
now in use are either obsolete types 
or were made by firms which have 
gone out of business, so that it is 
very difficult or impossible to obtain 
spare parts. For these reasons we 
find that in many cases we must 
make new parts, as we can not buy 
them, although we do carry large 
stocks of certain parts. Our machine 
shop is, consequently, well equipped 
with all of the machine tools needed 
to turn out promptly any new parts 
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that may be needed. The machine 
shop is close to the shipping depart- 
ment and both are served by several 
chain hoists running on overhead 
I-beams, so that the heaviest parts 
or machines can easily be handled 
from one machine to another, or be- 
tween departments. A portion of the 
machine shop is shown in Fig. 1. 
The motor repair, controller and 
other departments are likewise thor- 
oughly equipped with coil-winding 
and taping machines, dipping tanks, 
baking ovens, testing apparatus and 
other devices for repairing or re- 
building any equipment of this na- 
ture. Fig. 3 shows a section of the 
coil-winding department. 


ROUTINE METHOD OF HANDLING 
ELEVATOR REPAIRS 


Considering for the moment the 
elevator repair division of our busi- 


ness, when a trouble call comes in, 


usually over the telephone, the per- 
son who takes the message fills out 
the form shown in Fig 2 A. This 
form is made out in duplicate, white 
and blue. When the data is complete, 
the blue copy is filed and the white 
copy is given to the salesman in that 
territory. Incidentally, this form is 
used for inquiries of every nature, 
including the sale or repair of mo- 
tors or other equipment, and so on. 

If the customer waives the formal- 
ity of an estimate, as is frequently 
the case, an order form, Fig. 2 H, 
covering the work required, is made 
out. 

In either event an inspector is 
then sent at once to the plant or 
building where the defective eleva- 
tor is located. He makes a thorough 
examination to determine the nature 
and extent of the repairs needed. 
These may vary from the replace- 
ment of a small part or minor ad- 
justment, to practically rebuilding 
the winding machine, rewinding the 
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TRANSPORTATION of both 
passengers and freight by 
means of elevators is such an 
important factor in the oper- 
ation of modern industrial 
plants that any interruption 
of this service is attended by 
serious delays and incon- 
venience. When such inter- 


ruptions do occur it is usu- 
ally imperative that the cause 


of the trouble be located and 
the necessary repairs made 
as soon as possible. In this 
article Mr. Kuehmsted de- 
scribes the order systems 
used, shop routine followed 
and records kept by an or- 
ganization which has for 
many years specialized in the 
installation, repair and main- 
tenance of all types of elec- 
tric elevators. 


motor or completely overhauling the 
control. If an estimate is required, 
the results of this inspection are en- 
tered on the form in Fig. 2 A, for 
our records. 

A written proposal is then im- 
mediately drawn up in the form 
shown in Fig. 2 B, and submitted to 
the customer. As will be noted this 
proposal completely covers the trans- 
action, including the work to be 
done, material to be furnished and 
price and terms of payment. This 
proposal is, of course, made out in 


Fig. 1—Part of the machine shop 
in which repairs to elevator equip- 
ment are made. 


Because it is difficult or impossible to 
obtain replacement parts for many old- 
type or obsolete elevators, this machine 
shop is equipped to make any new part 
that may be needed, as well as perform 
any operations necessary in repairing or 
reconditioning worn parts. All machine, 
work on motors, such as turning com- 
mutators, fitting new bearings, and the 
like, is also done here. x 
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duplicate; one copy goes to the cus- 
tomer and one is placed in our files. 

If an estimate has been requested, 
we wait until the customer accepts 
the proposal; otherwise work is im- 
mediately started on the job. If it is 
necessary to dismantle any part of 
the elevator mechanism and take it 
to the shop for repairs, this is done. 

When a badly worn or broken ma- 
chine or part is sent in from a job 
the first step is to attach to it the 
Repair Tag, shown in Fig. 5. This 
tag is made out in duplicate, a heavy 
yellow sheet which is wired or tied 
to the part, and a white Inspection 
Report, both of which bear the job 
number. The part is inspected by 
the foreman or an inspector and the 
nature of the repairs noted and the 
report O. K.’d by the foreman or su- 
perintendent. The white Inspection 
Report is held in the Inspection De- 
partment until the repairs are com- 
plete and the part ready for final 
inspection before shipment. The tag 
and sheet are then returned to the 
office and filed. 

Drawings are then prepared, if 
needed, and the work sent to the 
machine shop. Here the necessary 
work is done and the new or re- 
paired part is sent back to the job, 
after careful inspection and check- 
ing. The-machine shop foreman re- 
cords on the Machine Shop Record 
of Material ‘and Operation Sheet, 
shown in Fig. 2 G, the material used, 
nature of operations and time re- 
quired for the job. This sheet is 
then sent to the office where it is 
filed under the job number until all 
of the time and material tickets have 
been turned in. 

Perhaps the motor driving the 
winding machine needs rewinding or 
overhauling. If so, it is sent to the 
motor repair department in our shop. 
Here it is examined carefully and 
the repairs necessary to put it in 
first-class condition are noted. If 
the armature has to be rewound, 
say, the foreman makes out the Ar- 
mature Data and Coil Data cards 
shown in Figs. 2 C and 2 F, which 
give all of the winding data, with the 
job number. The Coil Data card is 
then sent to the coil winder for his 
guidance in making the coils. When 
these have been properly varnished 
and baked they are inserted in the 
armature or rotor in accordance with 
the data given on the Armature 
Data card. In many cases coils are 
laid first and dipped and baked after 
the armature or stator has been re- 
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wound. After the job is completed 
and the motor has satisfactorily 
passed the inspection tests, the cards 
are turned in to the office where they 
are filed under the proper job 
number. 

The men who are working on the 
outside, for example overhauling or 
repairing an elevator, record their 
time on the tickets shown in Fig. 2 D; 
the back of these tickets is shown in 
Fig. 2 E. As will be noted, the cus- 
tomer is required to certify to the 
amount of time spent by our work- 
men while in the customer’s plant. 
This not only gives us a check on our 
own men, but it precludes any possi- 
bility of dispute as to the number of 
hours spent on the job, a situation 
which is always unpleasant for 
everyone concerned. 

The men in the shop enter their 
time on the ordinary form of job 
card, in which spaces are provided 
for entering the name of the work- 
man, the date, job number, rate of 
pay, and time spent on each job. 

When the shop work on, say, an 
elevator repair job is completed, the 
repaired parts are taken to the cus- 
tomer’s premises and installed again. 
After the job is completed and the 
elevator has been turned over to the 
customer in satisfactory operating 
condition, all of the time and ma- 
terial tickets previously mentioned 
are turned in to the office where they 
are filed under the job number. The 
summary sheet shown in Fig. 6 is 
then made out from the data con- 
tained on the different tickets. This 
summary sheet shows, among other 
items, the nature of the work, the 
time spent by our workmen at the 
customer’s plant and in our shop, the 
nature and amount of material used, 
and the profit or loss to us, on the 
job. This sheet is filed under the 
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customer’s name and furnishes a 
complete record of the whole trans- 
action, so that if any question comes 
up later on, or we desire to know 
what was done and how much profit 
was made or loss incurred on a cer- 
tain job, we have the information 
available at a moment’s notice. 
These summary sheets are, of course, 
of the utmost value in helping us to 
prepare estimates of the cost of re- 
pair and other work. 


ELEVATOR MAINTENANCE SERVICE 
INSURES THOROUGH INSPECTION 


A very large percentage of the in- 
terruptions to elevator service result 
more or less directly from accidents 
due to carelessness, or neglect of the 
equipment. Lubrication of bearings 
and moving parts may be improperly 
done, at long intervals, or not at all. 
Bearings may be allowed to wear 
out without renewal at the proper 
time. Contacts may be allowed to 
arc and burn until little or nothing 
is left of them. In short, the equip- 
ment may be allowed to run as it 
will, with little or no attention, until 


some important part wears out or 


breaks and the whole machine is put 
out of commission; then an expen- 
sive repair or overhauling job may 
be required before service can be 
restored. 

In plants or buildings where the 
amount of machinery in operation 
does not warrant hiring a competent 
maintenance man to take care of it 
the question of electric elevator 
maintenance is troublesome. The 
owner is confronted with the prob- 
lem of either paying a stiff price for 
his elevator maintenance or else let- 
ting his equipment operate with little 
or no attention, but with the pros- 
pect of expensive interruptions to 
service and large repair bills, all of 
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which may be still more costly in the 
long run. Usually one serious break- 
down is enough to convince the 
owner that there is no economy in 
neglecting his equipment. 

The logical solution of this prob- 
lem is elevator maintenance service, 
which is an important part of our 
business. We employ a staff of men 
who are experienced in all branches 
of elevator maintenance and repair 
work and whose services are avail- 
able to anyone who needs them. This 
service is furnished on the basis of 
a contract whose form is shown in 
Fig. 4 E. This form is, of course, 
made out in duplicate, one copy for 
our files and one for the customer. 
The terms of this contract are not at 
all burdensome; in fact it is nothing 
more than a written agreement be- 
tween us and the customer whereby 
we agree to furnish certain services 
for a specified sum of money. The 
amount charged for this service var- 
ies according to the conditions, such 
as number and type of elevators, lo- 
cation in the building, height of 
building and the like. The frequency 
of inspection is likewise an impor- 
tant factor affecting the price. Asa 
general statement, the contract price 
of our elevator inspection service 
varies from about $4 to $15 per ele- 
vator, according to the conditions 
and number of times inspected per 
month. 

The contract is practically on a 
month-to-month basis, as it can be 
terminated by a written notice at 
any time by either party, although 
we reserve the right to complete the 
full month of service. 

The contract specifies that a cer- 
tain number of inspections of each 
elevator shall be made each month. 
This number also varies according to 
conditions: an electric elevator in- 
stalled in a clean, dry place and 
where the conditions of service are 
not severe plainly does not require 
the same amount of attention that 
should be given to an installation in 
a very damp or dirty place and oper- 
ated perhaps twenty-four hours a 
day. All of these points are taken 
into consideration when the contract 
is made and we use our own judg- 
ment, based on long experience, as 


Fig. 3—The coil-winding section of 
the motor repair shop. 


This department is equipped with coll- 
winding and taping machines, some of 
which are not shown here, capable of 
handling any size of armature, field. or 
stator coils likely to be encountered. 
The varnish dipping and baking equip- 
ment, which is designed to take com- 
plete stators and armatures or rotors, 
is located on the other side of the 
brick wall at the left. 


516 INDUSTRIAL ENGINEER Vol.82, No.il 


THOM 
3 & JAMESON, INc. 


REPAIRING 


Ws caderetand yen ave is the marhet far an slrestor. If you will wod 
for belem, we WT be penned to gonte yon prism. 


— 


c - A4 C 2 D. C0¶ũ •æỹ—P—.ü —4— — Fee —— . — 
Electric Motors Bowers ——— Canet Fans ———__— - 
Pras of hatchway, frechand shrtch giving Gqrure simma, sil eewwer fer estimating Show where poe 


wehi ibe partise to be imested If Pemenger Klevater give cost of cor desired. 
— eotisit year early reply, which will have osr prompt setasion. 


THOMPSON & JAMESON, IN 
ELECTRIC ELEVATOR SPECIFICATIONS 


The qponfsstics and proposal covers the furnishing sod installing the [cilewing cleveter 
quips, re 


The cleweter a te carry 6 saie wad of pecrts o cdita to the -agh — r 2 
ef (he ror, eren feet per aist with — .Net Need ass 


Fig. 4—A and B, Installation 
Data Sheet; C, Elevator Speci- 
= fications; D, Inspection Re- 
port; E, Inspection Contract; 

F, Motor Rental Contract. 


The Travel ef car to be from fer te the ba 
b distances of obesi ten 


The cogioe will be of the worm ond gear divert cemoested eiortrie 


the motse being scupled directly to the worm waft, with the meter sod vere erat mochen 
mounted on s beery, atrongly ribbed. arlf -evtamed bed plate cast ia sor pisos Th worm 
will be igh grads ster! forged in sas piere wiid the worm abel and the worm eres wel) Sarr 
phaser. brenae rim of the tat quality The torts of wore end gree will be eveerstely oat 
from mihi mard by spons! markers, asd vil ren is cloned kanng sfordag smpi rer 
vrir fer cil The sad ihrast ef werm dofi will be tabes by bigh-gred+ Dai bearings =» drt 
eottioe cast-iron traly tareed and groeved for 
u: fer bebricetion. 


dirextyume The winding dram will be of brat) 
the rakira Ali bearings ill be of ample dumrnasen, witb itae 


The metor will be a type expecially draigued ter eleweter servies, the winding og +e 
pty eeeleted and protected ty the motar frome The bearings ull be Btted bol 
© tb ring cling Aerie, cecring sample lebrtr et em le order to etfaie capentty ond sg 
Ard to the enatrest, a constent preevere of volte wast te mesmteme! at 
The msta edi oot operate on any other rarreet except oe epentrt 


Telephone Seperka LS 
All Departesenta 


THOMPSON & JAMESON ~= 
3 W. SUPERIOR ST. 


RENTAL CONTRACT 


(Wheat Priviege of Perchase) 


The engine will be srrongrd for placing om euttable 
—ä of 
Tur west ia place ty 


MESSRA — — -= —— — — 


MATCHWAY [TEMS 
CENTLEMEN 


We propose te rest to you for à peried cf ewe mnath or longer, the foflowing, commenly 
borited a i ™ 


The cor will be made of 
schetartially braced snd neatly paistad, with 


goardes pleen! c@ win, 
for peia at of hetebway, sad of a cine to properly fi be 


eca ton 2 „ a 


t Driver te 
pà sher H” a your es * n 
ampiri D © mpiya $ - 
ayib ee remain ia ebara fe Te ce inetaled of —— snd sot to be removed from this lowation, without 
ä —— ond Ôm wis sotifying os 
arcs i — aa * 5 
à m verte z ‘ 7 
ae teat off © e eoatrects os ot Pent, ist moeth or lene period 
p cibe erties SS 4 Rowing asd cart dae — — 
— 22 atl — agn . — i 
. re! wu oye “a emos jns. prove wo Rest, cach recceeding moeth or lesser period 1 8 
* sarme 10 # a Pee — — 
ai ae 38 a? Le E j- We reserve the right ef af times te sebetitete, withost e 
` — — be n 
Ths 2 * — ot te home * * dune, end i» ihis event shel give you — npe osim fe 
esrrative eet © Bå. ARTICLE -A described apparatus will be tested by en before shipment, bet no 
cutar beot e “ given 2 some e deen, agree to waters ol e — es ee - 2 
hey rc we * st af « — G x 
1 say parneet is ar ROMPSON è JAMESON, Scien an oe Ghee te mang rae en are not es drecrited shove, previegs : 
to be cometrend as a r e Dette tol ete . aad pow sigming this cumtrect Ù 
r a complete acoeptance ef the apparatus as ess Me dem ription eb pr fy ` 
— * 8 sð t 3 ARTIC 5 N mgt tod motors are eee with starter os rhesetst, rads or 8 
teea aT equired, and sorb p re be — dese, where 6 
ssh delay bel m= be Py 1 esd radi when ma 5 —— 3 — begia sben mostion kove em sorte * 
y of them à of the shee apparatus is tn be op sestal only 4 pie L4 en tre changes beth ware AN 
i pà end agord in dopi remasme vested w the THOMPSON & JAMESON, tar, Oeae . . dy wey hed oT 
Net of the same t art 4 ` > a sstesing weens 
: in berrig oeer * te enpibeng Sues not mabe it a pert of any realty, asd t ? 
sacs) we be naprid b The above ror! ° be comsktered parans! property belonging to the Thompeos & Jameson lac, — > pg 
io stoli the — ro tay of s * ARTICLE I- ei delsah of any of the parmente abore = tor 
— ` R —— tee oun sied * 
acl ast w hgm al wre of 1 er hie pere 7 K IM PSON a J EPON tec 
ubra due T pone aa De wheat tarther matice, repossess Worl! of the shove mentioned property, wherever 
9221 oe ie hall wot be habie om amy sitwa at law for sch reclamation of its t 
s >~ reparmest of asy money u mosey, etah map à property. nor bur the — 
rere ee 
Tee rlereter, cleveter pi ` Sek aiad. ahd GM: cad aai opiti bA vaan oe * the ent eee 
~ eres tom en bee i 
yah thereto t> renen = ARTI 1 $Y wd are siso waited by yoo 
r t e * 1 
un rentrect shel) ba Coage. i r sod reruma every 
r , os berein 3 . nnen. sni ia 
msie ar ony a rea ai Te: forearm = . . ain ê Hough otber sausos, Pos agre paz &+ umeedately the of same 
ahere aid Mieveter, Beee a bared spp E 
be the mads of ite ee ARTICLE ©- Abore appacatas iy semt sut am rental valy sod sa ssir in say way is tomtemplaned. 
auy ercurtion given te so ` 
cetdenae aniy fve your inteted Rewpectfally submitted, 
the teres of sentrect Nos cold usti approved by an esecutive THOMPSON & JAMESON, ise. 
„cer of THOMPSON & JAMESON, Ine B 
Approved tor THOMPSON & JAMES i : € 
/ Accepted by Sign à 
By E = = 
t 
X Dae - - - Date 
r . 
4 — 
* 
e * it ° * çe 
* 
=J 


November, 1924 


to the frequency of inspection. As 
a rule, inspections are made at least 
once a month and usually not more 
than four times a month. 

Inasmuch as we service many dif- 
ferent makes and designs of electric 
elevators it is not practicable, or nec- 
essary, to specify in the contract all 
of the operations which are included 
under the head of inspection. These 
are lumped as cleaning, oiling, minor 
adjustments and inspection. As a 
matter of fact, however, our inspec- 
tion may be briefly outlined as fol- 
lows: 

The motor is inspected first; this 
inspection consists in examining the 
commutator, brushes, brush holders 
and bearings, in a direct-current ma- 
. chine. In the case of an alternating- 
current motor, the bearings are in- 
spected, the oil level noted, and the 
air gap between rotor and stator is 
checked. This is done by inserting 
in the air gap a flat piece of steel 
which is about No. 22 gauge, for 
general use. 

Next the controller is inspected to 
see that all contacts are in good con- 
dition and all connections tight. The 
acceleration is tested to make sure 


that it is properly timed. All work- ` 


ing parts are well oiled. 
The elevator engine is then exam- 
ee ee ese Ae ee eee 


Fig. 5—These Inspection Report 
and Repair Tags serve to identify 


every job which comes into the 
shop. 


A and B show the front and back, re- 
spectively, of the Inspection Report, 
while C and D show the front and 
back of the Repair Tag. When a mo- 
tor or other part comes in for repairs 
. these tags are attached to it and the 
part sent to the Inspection Depart- 
ment. Here the part is examined and 
the nature of the repairs noted on the 
Repair Tag. The inspector detaches 
the Inspection Report and holds it un- 
til the repairs have been made and the 
part returned for inspection and check- 
ing. When the part has been passed as 
satisfactory by the Inspection Depart- 
ment. these tags are sent to the office 
and filed under the job number. 
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ined. The worm and drum bearings 
are tested to see that they are in 
good condition and properly lubri- 
cated. All bearings are oiled and the 
stuffing box on the worm shaft is 
looked over to see that it does not 
leak oil. The spokes in the drum 
are carefully gone over to see that 
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Fig. 6—This summary sheet con- 
tains a complete record of every 
repair job. 

When all of the time and material 
tickets and other records pertaining to 
a job have been turned in to the office 
this form is made out. It shows all of 
the data, including the profit or loss, 
that is likely to be required for pur- 
poses of record. This sheet is filed 
under the customer’s name. 
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none of them is cracked. The keys 
in the drum shaft are inspected to 
make sure that they are tight. 

The sheaves and idlers are next 
inspected to determine whether any 
of the journal boxes are worn or the 
spokes cracked. The bearings are 
lubricated. 

Every foot of the cables is care- 
fully examined for broken wires or 
bad spots and well oiled, if neces- 
sary. Cables in damp places usually 
are kept lubricated. 

The guides for both the car and 
the counterweight are then inspected 
to see that they are properly lined 
up and firmly fastened. Also, they 
are well greased. 

The car then receives attention. 
All bolts are looked over to make 
sure that they are tight; the shoes 
on the car are examined to see if 
they have the proper amount of play 
on the guide rails, the safety devices 
are carefully examined and tested 
and the governor inspected and oiled. 
Finally, the elevator is operated to 
see that everything, including the 
limit. switches, works properly. 

After each inspection a written re- 
port is rendered to the customer on 
the form shown in Fig. 4 D. This 
report, which is made out in dupli- 
cate, one copy going to the customer 
and the other to our files, shows what 
the condition of the equipment is 
and if any repairs are needed de- 
scribes them briefly. The owner 
then decides whether he wishes to 
kave these repairs made. We do not, 
of course, do any actual repair work 
without the written authorization of 
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Fig. 7—The operations performed 
and material used on a motor re- 
pair job are shown on this report. 
A shows the front of the report, while 


the back is shown at B. This form is 
used for obtaining the cost of motor 
repair jobs and is afterwards filed un- 
der the job number as a permanent 
record. With the help of such records 
the cost of a repair job can be esti- 
mated very closely. 


the owner. However, the customer 
usually accepts our recommendations 
and gives us an order to do the work, 
which is then handled in both the 
shop and the office in the manner 
previously described. 

Incidentally, the fact that we have 
a number of men who spend most of 
their time on elevator inspection 
work makes it possible for us to put 
on an emergency job any number of 
men that may be needed. 


ROUTINE FOR INSTALLATION OF NEW 
ELEVATORS 


The sale and installation of new 
elevators is another important part 
of our business. When we locate a 
prospective customer who is, or is 
likely to be in the market for an 
elevator installation, we send him 
the data sheet shown in Fig. 4 A; 
the back of this sheet is shown in 
Fig. 4 B. This data sheet may be of 
interest to the readers of INDUSTRIAL 
ENGINEFR as it indicates the infor- 
mation which is ordinarily required 
before an elevator can be installed, 
or an estimate of the cost given. 

When this sheet is returned prop- 
erly filled out, we send an engineer 
to look over the ground and secure 
such additional information as may 
be desired. A specification, in the 
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form shown in Fig. 4 C, is drawn up 
and submitted to the prospective cus- 
tomer. This specification covers all 
of the details of an installation in- 
cluding the duties and responsibili- 
ties of the customer, as well as our 
own, and gives the price and terms. 
In the event that our proposition is 
accepted, a job number is assigned 
for the installation and all time and 
material tickets and the like are 
charged to this number. When the 
job is completed these tickets are 
filed under the job number and a 
summary sheet, Fig. 6, is made out 
and likewise filed, so that we have 
on one sheet a complete record of 
the job, including the amount of 
profit or loss. 

Although it was not the intention, 
when this company was first organ- 
ized, to engage in the commercial re- 
pair of motors we were finally forced 
to do this. In order to take care of 
our elevator business properly, it 
was necessary to have a well- 
equipped motor repair shop, with ex- 
perienced winders and other repair 
men who were capable of handling 
quickly and efficiently any burned- 
out or damaged motor which we 
would be called upon to repair. 
Burn- outs of elevator motors are not 
of such frequent occurrence that we 
could keep the motor repair depart- 
ment busy all of the time. In conse- 
quence, it was decided to extend our 
activities to include the repairing of 
motors or generators for anyone 
who wished to have such work done. 

When a motor is sent in for re- 
pairs a Repair Tag, Fig. 5, bearing 
the job number, is attached to it 
and the motor given a thorough ex- 
amination to determine just what is 
needed to put it in good condition. 
If it is a rewind job the foreman 
makes out the Armature Data and 
Coil Data cards, shown in Figs. 2 C 
and 2 F. As was mentioned above, 
these are given to the winder and 
after the job is completed are sent 
to the office where they are filed un- 
der the job number. In addition, the 
foreman checks off on the form 
shown in Fig. 7 all of the operations 
which are performed on the motor 
or generator and notes the amount 
of wire, tape, solder, insulating ma- 
terial and the like used for the job. 
This sheet is likewise sent to the 
office and filed. We are thus enabled 
to keep very accurate costs on all 
repair jobs, so that these sheets are 
very useful in helping us to estimate 
the cost of repair work. 

The development of our business 
in the sale (Continued on page 553) 
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Some Practical 
Pointers on 


How Variable 
Speeds Can 
Be Obtained 


For Adjusting the Speed 
to the Needs of a Process 
or to Work Performed by 
Machines Singly or in 
Groups in Industrial 
Plants 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


RACTICALLY all production 
P machinery may be operated to 

advantage at more than one 
speed. Many machines, however, 
could well be operated at a number of 
different speeds, particularly where 
different kinds of work are done on 
the same machine, or the process re- 
quires various applications. One ex- 
ample of this is in “filling” cloth in 
some textile processes. Many grades 
of cloth are filled after weaving. 
Ordinarily, the machine is provided 
with a driving pulley which will give 
the proper speed for the work re- 
quiring the slowest speed. Lighter 
weight cloth can be handled faster, 
but unless the pulley is changed or 
some other means provided for 
changing the speed, light work goes 
through as slowly as the heavier. An 
increase in speed would give a 
greater production with a consequent 
lowered cost. 

Many other industries offer simi- 
lar advantageous opportunities to 
use variable speeds as will be ex- 
plained in this article. Different op- 
erating speeds may ordinarily be 
obtained for machines by (a) vari- 
able speed transmission devices 
which give an infinite ratio of incre- 
ments between a fixed maximum and 
minimum; (b) devices which give 
increment. of speed in fixed steps, 
such as gear boxes, gear shifts, cone 
pulleys and most adjustable-speed 
motors. Variable-speed devices 
should not be confused with spur- or 
worm-gear speed reducers which 
give a constant speed ratio. 
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This second type gives what 
might be termed a number of selec- 
tions of constant speed instead of a 
true variable speed. This article, 
however, will deal largely with the 
first type which gives a more truly 
variable speed. This group in turn 
may be divided into: 

(1) V-belts or pulleys, the diam- 
eters of which may be varied. 

(2) Two parallel cone-shaped pul- 
leys connected by a belt which may 
be shifted along the cones. 

(3) Special hydraulic transmis- 
sions which give any increment of 
speed from nothing up to the speed 
of the driving mechanism. 

(4) Sliding friction disks. 

(5) Various special and compli- 
cated mechanical devices made up of 
sliding links, gears and other me- 
chanical movements which can be 
varied over a definite range. 

Probably, the most common of 


WHERE OUTPUT depends upon 
the operating speed, variable- 
speed equipment enables the ma- 
chinery to be driven at the best 
speed and also to be varied to suit 
conditions. For example, thin 


cloth can go through bleachers 
and driers more rapidly than can 
thicker material. Some of the fac- 


tors in other industries which af- 
fect output by controlling the 
speed at which the work may be 
performed are: humidity, tempera- 
ture, gage, quality and number of 
operators. How these may be 
compensated for by varying the 
speed is described in the accom- 
panying article. 
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Mechanical variable speed transmission 
with automatic control operating dryers 
and starch rolls at the Rockland Bleach 
and Dye Works. 


these types is the first which is 


known as the variable-speed trans- 
mission unit. This has a V-belt op- 
erating on a pair of pulleys, each of 
which consists of two cone-shaped 
disks mounted with the points of the 
disk turned toward each other, the 
tips of the cones forming the center 
of the pulley. The V-belt rests in the 
V formed between the two cones. 
Provision is made whereby one set 
of cones may be moved closer to- 
gether which makes the belt ride 
higher on the pulley formed between 
the cones, while at the same time the 
other set of disks are moved farther 
apart, which makes that end of the 
belt ride lower between the two 
cones. This increases the diameter 
of one pulley as it decreases the dia- 
meter of the other and thus it varies 
the speed of the driven shaft. One 
pulley is connected with the driving 
motor of fixed speed or to a shaft 
and the other transmits power to the 
driven mechanism at a variable 
speed. 

These are made either with plain 
self-oiling bearings or ball bearings 
and in a range of sizes in capacity 
up to 150 hp. by one manufacturer 
and up to 75 hp. by another. They 
range from the speed variation of 1 
to 114 up to 1 to 16 and over a range 
of speed both above and below the 
initial driven speed. For example, 
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one size with a ratio of 1 to 10 varia- 
tion is driven at 270 r.p.m. and will 
deliver any speed between 85 r.p.m. 
minimum and 850 r.p.m. maximum. 
All of these variations are not avail- 
able in each of the sizes made, how- 
ever. Sizes, ranges and capacities of 
these devices should be obtained 
from the manufacturer of any spe- 
cial equipment chosen. Higher ra- 
tios may be obtained by using com- 
binations of more than one set of 
pulleys on both the driving and vari- 
able speed shafts. One such combi- 
nation is shown in an accompanying 
illustration. It should be remem- 
bered, however, that the driving 
speed should not be greater than that 
recommended by the manufacturer. 
Otherwise, the load may go beyond 
the capacity of the equipment. 

Variable-speed transmission units 
are used in a large variety of work. 
For example, they are often con- 
nected into the drive of an assembly 
conveyor in automobile factories to 
give a variable speed to its travel. 
Thus, if the output of cars is low for 
a certain day, fewer men, each with 
more work to do, are employed on 
the assembly line, and consequently 
the conveyor must move more slowly. 
If the production is to be increased, 
more men are put on the line and it 
is speeded up. Also, when beginning 
work in the morning, or after lunch- 
eon, the men start “cold” and require 
some time to get up to speed. After 
starting, the line may be speeded up 
a little at a time until it is finally up 
to full operating speed. The shift- 
ing mechanism may then be locked 
into position so that no unauthorized 
worker can slow it up. This enables 
the assembly line to be driven at all 
times at the best speed for the con- 
ditions, which may vary according 
to the quantity of output and also 
with different types or models. If 
the speed changes were not so easily 
made, much of this work would be 
done at a less effective speed. 

In the Miller-Hurst power unit, 
which is used for driving assembly 
conveyors in a number of automobile 
plants, a constant-speed (usually a 


A detail of a variable-speed trans- 
mission and also an application in 
a textile mill. 


The illustration at the top shows a com- 
plete ball bearing, Lewellen variable- 
speed transmission with automatically 
controlled motor, safety stop, demount- 
able screw bearings and other features. 
In this case the V-shaped belt connect- 
ing the two pulleys is set at about a 1 
to 1 ratio. As the diameters of the pul- 
leys are changed by moving the cone- 
shaped disks farther apart or closer 
together the ratio is changed. The au- 
tomatic shifting mechanism is shown 
at the left end. The lower illustration 
shows an application of a Reeves var- 
iable-speed drive in a silk mill. 
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Factors Which 


Govern Proper Installation 


Information the user must give to 
assure adequate equipment for the 
service conditions. 

1—Kind of machine to be driven. 

2—Diameter of machine driving 
pulley. 

3—Width of belt on this pulley. 

4—Fastest speed wanted on this 
pulley. 

5—Slowest speed wanted on this 
pulley. 

6—-Speed of shaft from which trans- 
mission will be driven. 

If an individual motor drive give 
the following additional informa- 
tion: 

7—Horsepower rating of the motor. 

8—Speed of motor. 

9—Is motor to be connected by 
belt, chain or direct? 

10—Diameter of pulley or sprocket 
on motor. 

11—Width of belt on motor pulley 
or width and pitch of chain. 


squirrel-cage induction) motor is 
connected to a Lewellen variable- 
speed transmission with a silent 
chain drive. The variable-speed 
shaft of the transmission is con- 
nected by chain to a Ganschow speed 
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reducer, the low-speed end of which 
drives the conveyor. These are used 
in automobile assembly lines, as 
already explained, on body building 
conveyors, continuous drying and 
japanning ovens, and other similar 
work. 

Where different types or weights 
of work go through a similar process 
is another place where variable speed 
is of advantage. For example, in 
galvanizing sheets, the continuous 
conveyor conducts the sheet through 
the furnace. The speed of travel de- 
pends upon the temperature of the 
furnace and the thickness of the 
sheets. The variable-speed devices 
give a close speed variation which 
can be quickly changed if conditions 
warrant. Veneer driers use a vari- 
able-speed mechanism in much the 
same way and for the same purpose, 
except that here the variation is nec- 
essary on account of different thick- 
nesses of veneer and different woods 
used. 

Bread bakeries, cake and biscuit 
plants make up an industry which 
offers the second largest opportunity 
to use these variable-speed devices. 
Many applications here are listed in 
the table on page 521. One example 
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One method of obtaining high ra- 
tios through the use of clutches and 
more than one pair of pulleys. 


This indicates two systems of transmit- 
ting power to get high ratios. On line- 
shaft or other source of power is 
mounted two clutches and pulleys, 24 
in. x. 6 in. and 12 in. x 6 in. While 
the 24-in. x 6-in. clutch through sys- 
tem A is driving, the 12-in. x 6-in. 
clutch on system B is floating and the 
24-in. x 6-in. clutch on the machine to 
be driven is also floating, while the 
12-in. x 6-in. clutch is engaged. In 
other words, while system A is engaged 
entirely, system B is floating. Follow- 
ing through system A starting at 310 
r. p. m. on line shaft, it turns shaft on 
machine to be driven from 620 
to 155 rpm. When this limit is 
reached then system B is brought 
into engagement and immediately there- 
after system A is released. This then 
carries the transmission on to further 
reduction and the speed of $8 r.p.m. is 
reached on the machine, or, in other 
words, variation of from 620 to 38 
r.p.m. may be obtained through this 
double system of clutches and pulleys. 


shows the advantages obtained. The 


time of baking different cakes and 
biscuits (cookies or crackers) varies 
with the kind and thickness. Obvi- 
- ously, an attachment which will vary 
the speed of the conveyors in the con- 
tinuous ovens to fit the varying 
products would be of advantage, and 
not only increase output but the 
quality of the goods. The same is 
true of icing trolleys and cooling 
conveyors. 

The possibility of greatest use of 
variable speeds probably lies in the 
textile industry. How these have 
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been used in “filling” has already 
been mentioned. In a silk mill, for 
example, the installation of variable- 
speed transmissions to the throwing 
frames resulted in a reduction of 80 
per cent in the number of the broken 
fibers. Now the throwing machines 
are started up at Mo of the operating 
speed and gradually are thrown into 
full speed by the variable-speed 
equipment. Before stopping, the 


machine is run down to its lowest’ 


speed. It is in the starting and 
stopping process that the most of 
these fibers are broken. This ma- 
chine alone eliminated about 75 per 
cent of these breakages and with the 
addition of a fly-wheel to give it a 
more even operation, an additional 


Some of the More Common 
Industrial Applications of Variable-Speed Transmissions 


Bakeries and Biscuit Plants—For 
driving cutting machines, dough 
mixers, icing and marshmallow 
beaters, wafer machines, icing trol- 
leys, cracker cooling conveyors, 
cracker machines, pan elevators, 
depositing machines, horizontal and 
vertical ovens, cone machines, 
pretzel. machines, embossing ma- 
chines, soft cake machines and 
other equipment. 

Canneries—For driving can fillers, 
cappers, pea viners, blanchers, ex- 
hausters, bottling machines, ele- 
vators and conveyors. 

Rubber Mills—Coating,. wrapping 
and tubing machines, bias shears, 
strippers, conveyors. 
Laundries—F lat piece ironers, cen- 
trifugal wringers. 

Machine Shops—For driving plan- 
ers, boring mills, shapers. 

Cement Mills—For driving kilns, 
coal feeders, conveyors. 

Paper Mills—For driving fourdri- 
nier machines, cylinder machines, 
winders, cutters, engine governors, 
pumps, calenders, coating machines. 
Wire Mills—For driving drawing, 
galvanizing, coiling, insulating, 
fence loom, screen japaning, steel 
cable and armored conduit ma- 
chines. 


Mining—Ore crushers, concentrat- 
ors, conveyors, sintering frames. 


Power Plants — Stokers, pumps, 
fans. 


Veneer Mills—Lathes, dryers. 


Textile Mills—For driving tenter 
frames, dryers, washing machines, 
moisteners, mangles, starching and 
printing machines, singers, mercer- 
izers, silk throwers, winders. 
Paper Box Factories—Corrugators, 
double enders, double backers, past- 
ing machines, creasing machines, 
cutters, slotters, printing presses. 
Packing Plants—Hog and cattle 
rails, viscera and cutting tables, 
steam tables, conveyors, butterine 
rolls, dehairing machines. 


Automobile Factories — Assembly 
conveyors, tempering furnaces, ele- 
vators, enameling ovens. 


Miscellaneous Machines—Envelope 
machines, oil agitators, rotary 
ovens, wall paper machines, match 
making machines, clay working 
machines, sugar granulators, glue 
cookers, glue spreaders, candy ma- 
chinery, printing presses, excelsior 
machinery, paint grinders, paper 
coating machines, crayon presses, 
soap presses, crepe paper and roof- 
ing paper machines, some chemical 
processes and any others on which 
speed regulation is desired. 


521 
5 per cent was gained. The manufac- 
turer estimates that these machines 
pay for themselves every sixty days 
and now has twenty-six installed. 

Space will not permit of an ex- 
tended explanation of each applica- 
tion included in the list below. 
Those familiar with the processes in 
the industries listed can understand 
the value of a variable speed instead 
of a fixed or stepped speed if they 
but bear in mind the following gen- 
eral characteristics of this equipment 
in relation to the work or process: 
(1) Progressive. conveyors or ma- 
chines handling various types, gages, 
weights, quantities or products. 
(2) Where it is necessary or desir- 
able to start in slowly and work up 
to a higher speed, or to reverse the 
process in stopping. (3) Where the 
speed of the machine depends upon 
some other machine or process. 

Stoker feeds, governor control of 
variable-speed engines and machines 
operating in tandem are common ex- 
amples of this third application. 
Operation of machines of this third 
type has led to the development of 
automatic and remote control for the 
variable speeds. For example, stok- 
ers are controlled by the boller 
pressure. Blowing and other vari- 
able-speed engines are also controlled 
through the governor by the 
pressure. | tia, 7 

Machines in tandem are usually 
controlled by the process. For exam- 
ple, illustrations F and G, ‘page 522, 
show how a rope-reeling frame is 
controlled by the slack between the 
rope machine and the reel. The reel 
speed thus slows up automatically as 
the diameter of the coil increases. 
Sometimes tandem machines are con- 
trolled mechanically as by the float- 
ing roll on the textile machine shown 
as E, page 522, and in the sketch on 
page 524. 

Many automatic and remote con- 
trols of variable-speed transmissions 
are used on textile machines, paper 
mills, wire and rope machines, biscuit 
machines and others operated in 
tandem. Remote control may be pro- 
vided so that the different machines 
may be controlled by push buttons in 
several locations. Indicating and re- 
cording tachometers are commonly 
used in connection with remote con- 
trol. With hand control where tach- 
ometers are not used, an indicating 
scale may be so placed as to show 
the speed for any position of the 
hand wheel. One of the big advan- 
tages of remote control lies in the 
ease with which the speed can be 


— ee ‘changed. If the worker can vary the 


Applications of Variable-Speed Transmissions 
Ten Typical Installations in Different Industries 
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A—A compact motor drive operating a 
platen printing press through a variable- 
speed transmission unit. 


B—Variable speed enables each gage of 
wire to go through the galvanizing 
process at the proper speed, 


C-—The drive end of one type of hydraulic 
variable-speed transmission which will 
give any speed from zero to the input 
speed. 


D— Automatic control of the feeding speed 
by changes in boiler pressure may be 
applied to variable-speed stoker drives. 


E—An installation of a variable-speed con- 
trol on a biscuit machine. 


F and G- The slack of the rope between a 
rope machine and the reel controls the 
variable-speed unit through the electri- 
cal equipment in the box (F) and auto- 
matically maintains the reel at the 
proper winding speed. 


H—Hydraulic variable-transmission appli- 
cation on a boring mill. 


I— This floating roll and counterweight 
automatically shift the variable-speed 
lever on this tentering frame in a tex- 
tile mill. 


J—A manually-controlled, variable-speed 
drive regulates the operation of a trav- 
eling bread oven. 
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speed from any of a number of posi- 
tions by pushing a button he is more 
likely to do so than if he has to walk 
to the other end of the machine and 
turn a crank. Where they have been 
installed it has been found that the 
operators actually use them. 

Some of the advantages which are 
claimed for the mechanical variable- 
speed transmission are: (1) Minute 
adjustment over the variable range 
both above and below the driving 
speed. (2) High ratios of speed 
changes; machines of the different 
capacities can be obtained in a num- 
ber of classes which give from a ra- 
tio of 1 to 11⁄ up to about 1 to 8 or 
10 and in gome sizes up to 1 to 
16. (3) The horsepower-variation 
ratio is less than the speed-variation 
ratio between their maximum and 
minimum. For example, on a speed 
variation of 1 to 12, the horsepower 
variation may be in the ratio of ap- 
proximately 1 to 414%4. (4) The speed 
is easily changed by hand, automati- 
cally or by remote control. (5) The 
device may be installed on the ceil- 
ing, on the floor, or on the wall. (6) 
It may be connected to the most effi- 
cient type of motor, to a lineshaft, or 
to any other driving mechanism. 
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(7) The mechanism is simple, easily 
installed and maintained. 
Ordinarily, this type of variable- 
speed transmission is not used on 
machine tools as generally these 
tools are provided with a number of 
speed changes and means as through 
the cone pulley or through the gear- 
ing which will give sufficient steps 
to get any desired speed. They could 
probably be used to advantage, how- 
ever, on boring mills or on large 
lathes which are doing a great deal 
of facing work across pieces of large 
diameter, as they could be arranged 
to maintain a constant speed at the 
cutting edge of the tool irrespective 
of the change in diameter of the 


Applications of a variable-speed 
transmission unit in an automobile 
body plant and in a laundry. 


In the automobile body plant at the left 
a Reeves variable-speed transmission is 
connected into a Palmer-Bee conveyor 
system. This is used to give a varia- 
tion in the control of the speed for dif- 
ferent production output. The illustra- 
tion at the right shows an application 
on a flat-piece ironer in an Indianapolis 
laundry. It enables a laundry worker 
to get the most out of the ironer by al- 
lowing her to select quickly the speed 
best adapted to the classes of work 
which go through. Some work obvi- 
ously requires slower, more careful 
handling and, if thicker, more heat, 
while other work can go through much 
more rapidly. 
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An installation of a variable-speed 
control in a bakery. 


Here a variable-speed transmission op- 
erates a bread cooler and proofer. This 
has push button control and an electric 
indicating tachometer. In installations 
where the machines are on different 
floors control panels are located on each 
floor together with an indicating tach- 
ometer on each panel. In this way, an 
operator on any floor knows the exact 
running speed at all times and the ar- 
rangement is such that the speed can 
be controlled from any floor at any 
time. In some cases indicating tachom- 
eters are located on the oven or other 
machines and recording tachometers 
placed in the office. 


parts faced. These variable-speed 
devices have been used on metal 
planers by attaching the quick-re- 
turn drive belt to the constant-speed 
shaft of the variable drive, and the 
cutting or driving belt to the vari- 
able-speed shaft. This enables a 
quick return to be obtained without 
using a pulley of large diameter and 
also gives a varying speed for the 
cutting tool. 

It is well to consult with the manu- 
facturer in determining upon a 
variable-speed transmission. He can 
base his advice on the information 
obtained in response to the questions 
in the box on page 520. Although 
this is a sturdy piece of equipment, 
and practically everlasting in the 
ball-bearing type, there are still some 
points which require consideration, 
as does all mechanism. Ball bearings 
need oiling only once or twice a year, 
depending upon the service condi- 
tions. Transmissions with self-oiling 
bearings require more frequent at- 
tention. Dust or abrasives do not 
have any appreciable effect upon the 
drive as they are jolted or fall off 
the cone-shaped pulley. However, if 
oil or grease are left on the cones, 
the dust sticks and becomes some- 
what more abrasive. Careful oiling 
will prevent this. Also, oil on the 
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rubber belt holding the V-blocks rap- 
idly deteriorates it. This also may 
be prevented with care. Do not try 
to change the speed adjustments by 
shifting the disks while the drive is 
standing still. 

Where it is necessary that vari- 
able-speed transmissions operate in 
hot locations, the V-block may be at- 
tached to a steel or chain belt which 
is not affected by the heat or other 
conditions. In some industries, such 
as in canning plants, where the 
drives are used only for a short time 
during the season, the manufactur- 
ers recommend that the main shafts 
and other bright parts receive a good 
coating of grease when the machin- 
ery is shut down for the idle period 
so that it may be put into shape 
quickly and easily at the beginning 
of the next season. | 

On transmissions in which a pair 
of cone pulleys are connected by a 
belt, as is illustrated at the top of 
the page, special belts are used. Here 
special short, endless belts made 
up of wedge-shaped leather blocks 
fastened to the inside of another belt 
are placed around each pulley. The 
driving belt, which goes around on 
the outside of the two short belts, 
rests on parallel surfaces and is not 
twisted as it would be if it rested di- 
rectly upon the two cones. Another 
type of two-cone, variable-speed 
transmission has the pulleys close to- 
gether and a short endless belt 
around one of them. The power is 
transmitted through the pressure 
applied to the belt which is moved 
along the length of the two conical 
pulleys and gives the varying speed. 
Some types of two-cone, variable- 
speed drives are connected by belts 
which may be shifted. Because the 
two faces are not parallel this type 
works better with the belt crossed. 
One type which is sometimes used 
consists of a narrow belt next to the 
two pulleys which has riveted to it, 
on the outside, another, somewhat 
wider belt to receive the wear of the 
shifting device. These are fre- 
quently used in place of countershaft 
drive in machinery and in the larger 


Examples of mechanical and auto- 
matic control of variable-speed 
transmission units. 


In the illustration at the right. the op- 
erating or shifting lever is controlled 
by the floating roll through a cable or 
a chain. The shifting screw is omitted 
and the speed is controlled by the lever 
and determined by the position of the 
floating roll. The small illustration at 
the left shows the method of controlling 
the speed electrically through a floating 
roll. The electrical control is also used 
where the variable-speed transmission 
is too far from the roll to be operated 
mechanically. 
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A special type of taper cone vari- 
able-speed drive. 


One of the principal difficulties in ap- 
plying a belt to a drive of this sort is 
due to the taper of the cones. The fea- 
ture of this speed changer is in the 
method by which a level bearing sur- 
face is provided for the belt. This is 
obtained here by means of patented 
cone pulley transformers which con- 
sist of a series of tapered leather 
strips riveted to short, endless belts, 
one of which is placed around each 
cone. These provide parallel pulley 
surfaces, for the driving belt. The speed 
changes are made by shifting the belt 
by the mechanism shown. 


sizes in some of the same types of 


work on which mechanical variable- 
speed devices are used. 


ONE TYPE OF HYDRAULIC VARIABLE 
SPEED TRANSMISSION 


One type of variable-speed hydrau- 
lic power transmission is shown in 
illustrations C and H on page 522. 
In another case it was connected to a 
lathe used in turning elevator sheaves 
in place of the cone pulley to give a 


‘715-hp., .1,800-r.p.m., 
_motor. 
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wide range of speeds quickly. Here 
the transmission is driven by a 
squirrel-cage 


This hydraulic transmission con- 
sists essentially of a variable-dis- 
placement pump, pumping oil to a 
constant-displacement motor. When 
the stroke of the pump is set at a 
maximum, it delivers a fixed quan- 
tity of oil to the motor and forces 
the latter to rotate at a speed equal 
to that of the pump. As the stroke 
of the pump is reduced, the amount 
of oil pumped is decreased and the 
motor will rotate more slowly. Any 
speed of the driven shaft may be ob- 
tained from zero up to the speed of 
the original driving shaft by merely 
changing the stroke of the pump. 
This can be done by ropes on pulleys 
or by an extended hand wheel which 
is placed within reach of the machine 
operator. This device is claimed to 
deliver an even torque throughout 
the reduction. It is put out in two 
sizes, one rated at from 10 to 15 hp., 
and the other from 5 to 7% hp. 
capacity. It is designed primarily 
for use in driving lathes, boring 
mills, cranes, paper mill machinery 
and other equipment where variable 
speed or instant control is desirable. 

The fourth type of variable-speed 
devices, those with friction units, are 
used with more or less success in 
some kinds of work. For example, 
some types of light friction drill 
presses use (Continued on page 555) 
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Here Are Some 
Easy Ways of 


Identifying 
Pipe Lines 
And Valves 


In Industrial Plants 
Together With Records 
That Simplify Tracing, 
Installation, Mainte- 
nance and Repair of 
This Equipment 


By DAVID FLIEGELMAN 


Chain Design Division, American Chain 
Co., Bridgeport, Conn. 


RACTICALLY all industrial 
Pre have had experience in 

tracing out pipe lines or hunt- 
ing for valves which cut off a sec- 
tion so that changes or additions 
may be made or other work done on 
the line. If the lines or valves are 
without means of identification there 
is always danger of making an er- 
ror with possible disastrous results. 
While many factories have a partial 
scheme of identifying pipe lines it 
would be worth while carrying it on 
throughout the plant. One complete 
color scheme which has worked out 
satisfactorily in several instances is 
given in an accompanying table. 
Where a system is already partially 
identified according to another 
scheme this may be modified to suit 
the work already installed. 

The fire lines include the sprink- 
ler system, indicator post valves and 
firehose connections. Live steam 
piping is usually covered to prevent 
loss of heat by radiation and as these 
coverings are usually white they fall 
in with the above color scheme. The 
paint used should be especially 
adapted for the purpose. 

Copies of the adopted code should 
be furnished to all those interested 
in order to get them acquainted with 
the colors and their significance. It 
is naturally understood that only the 
exposed piping is painted. Not only 
do the painted pipe lines make a 
neater appearance, but they assist in 
following up a certain line when 
necessary, or in identifying a cer- 
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tain line when a new connection or 
branch is to be added. 
Supplementing the scheme of 
painting the pipe lines according to 
some adopted code, all valves should 
be tagged. In one plant, valves 
above ground carry a 15-gage sheet 
metal plate of the dimensions shown 
in the sketch; the letters are 134-in. 
high and the plates are painted 
white all over. The numbers are 
painted in black, which allows them 
to be seen across the room. The il- 
lustration at the heading of this ar- 
ticle is of a photograph of two valves 
suitably tagged. The tags are 
wired to the valves in such a manner 
that the numbers can be readily~seen 
by one looking for them. Care must 
be taken, however, to see that the 
tags are placed so that they do not 


‘interfere with operating the valve. 


Valves located in pits or tunnels 
carry small brass tags 34-in x 2-in., 
similar to those used in tagging ma- 
chines, upon which the valve num- 
bers are stamped. 


One Method of 
Identifying Pipe Lines 


This shows how easily the black letters on 
the white background of the valve tags 
may be read from a distance. 


The method employed in number- 
ing the valves makes use of a letter 
in conjunction with a number to 
help identify it. All valves on fire 
lines are lettered F; on hot water 
lines H; on cold water lines W; on 
live steam lines S; on steam return 
lines R; on gas lines G; and on oil 
lines O. In this way the code letter 
assists in identifying any pipe line 
by indicating its purpose. This 
system of identifying the valves can 
be used even though the pipe lines 
are not painted according to any 
prescribed code. For that matter, 
a simple system of identifying the 
valves is even more necessary and 
valuable when the pipe lines are not 
coded. 

The valves are numbered in order, 
as far as possible. For example, the 
main valve controlling the cold- 
water supply to all the factory build- 
ings, is tagged W-1; then come the 
valves controlling the water supply 
to each building, as W-2, W-3, and 
W-4. The cold-water valves in each 
building are then tagged in rotation. 
The same method of numbering can 
be applied to the other valves on the 
gas, steam, hot water and other lines. 

After the valves are tagged, valve 
service sheets are gotten up in blue- 
print or printed form, so that suffi- 
cient copies can be made for distri- 
bution. These sheets tell at a glance 
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29 
W-16 - N Valve, located in basement 
Bldg. of, in front of toilets. 
Together with 8-24 controls cold 
Water supply to all toilets and 
washstands in Bldg. "a". 


1° Valve, located in Dent. Bldg. 
2 (about 20 ft. cast of toilets). 
Controls cold water supply to 


Welding Machines in Dept. 7 (2nd 
floor, Bldg. .) 


- P Valve, located in Dent. Bldg. 
aan (opposite Bldg. "G"). Controls 
cold water supply to Bldg."G" and 
part of cold water supply to 
Bldg. 7. 


P Valve, located in Bent. Bldg. 
0, in front of toilets. Controls 
cold water supply to washbasins 

in Bldg. 10. 


1" Valve, located in Dent. Bldg. 
ugn, in front of toilets. Controls 
cold water supply to factory of- 
fice washrooms on 2nd floor Bldg. 
ac and also to drinking fountains 
near Elev, #6 on all floors in 
Bldg. "0. 


One page of the loose-leaf valve 
record. 


This valve record contains complete 
information about each valve such 
as: its number, location, size, func- 
tion and, if a special valve, when to 
be opened or closed and by whom. 
The key valve controlling each de- 
partment is found by consulting the 
valve service chart shown in an ac- 
companying illustration. 


the various valves that control the 
cold water, hot water, steam, and 
other lines on each floor or in each 
department. A sample sheet is 
shown in one of the accompanying 
illustrations. 

The service sheets are supple- 
mented by 314 by 6-in. loose-leaf 
notebooks. These books contain com- 
plete information covering all valves, 
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One of these metal tags identifies 
each valve. 


such as: (1) valve number, (2) lo- 
cation, (3) size, (4) function and, if 
a special service valve, (5) when to 
be opened or closed, and (6) by 
whom. Complete copies of these 
notebooks are furnished to the works 
manager, factory superintendent, 
factory engineer, boss piper, and 
night watchman. The copies sup- 
plied to the foremen include only the 
valves which are of interest to them, 
so that should there be a leak or 
break in any of the lines on their 
floor or in their department, the fore- 
man or the assistant foreman will 
know what valve to close and exactly 
where it is located. 

If a sprinkler head accidentally 
opens, it is advisable to shut off the 
water supply as soon as possible to 
minimize the damage done by the 
water. To facilitate this and to ac- 
quaint everyone with the location of 
the post indicator valve controlling 
the sprinkler system on each floor or 
in each department, one or more 
“sprinkler” cards should be posted 
conspicuously in every room. A sam- 
ple card is shown herewith. I be- 
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Sprinklers 


In case a Sprinkler Head in 
this room breaks, shut off 
Indicator Post Valve. 


No. // 


Located in yard 
on_east side of this building. 


Also open drain pipe valve 


No. //Q 


Located in basement of this 
building. 


Much water damage may be pre- 
vented if notices like this are 
placed conspicuously. 


lieve this card is more effective when 
lettered in red. These cards can be 
framed or given a coating of white 
shellac which protects the surface 
from soiling and keeps the printing 
from fading. 

Some valves are to be opened only 
by certain people in authority. These 
valves are usually in the sprinkler 
system and in the live-steam lines in 
the boiler room. Such valves are 
usually kept open, but when neces- 
sary to close one of them in case of 
repair, a red paper tag is attached to 
the valve, giving the following data: 
(1) when closed, (2) why closed, 
(3) by whom, and (4) for how long. 
A duplicate red tag is filled out and 
is sent immediately to the superin- 
tendent’s office. 

When repairs are made and the 
valve in question is opened, its tag 
is removed. A green tag, giving the 
additional information relative to 
the re-opening of the valve, is sent 
to the superintendent who files it 
away with the red tag previously 
sent him. These green and red tags 
are usually furnished by the insur- 
ance companies. 


Valve service sheets such as this 
are made out for every valve. 


This chart shows the valves which 
control the water, gas, steam and 
other feed lines in each of the vari- 
ous buildings and departments. In 
other words they are the key valves. 
A glance at this chart shows the 
valve wanted. The exact location 
of that valve is given in a loose-leaf 
notebook a sample page of which is 
shown in one of the accompanying il- 
lustrations. 
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SHOULD THE SMALL hoist be hand op- 
erated or motor driven? If it is to be 
motor driven, should a series-wound, di- 
rect-current, or a squirrel-cage, alternating- 
current motor be used? Should a manual 
controller be selected, or is a magnetic con- 
troller justified? How many and what 
kind of brakes should be specified? What 
overtravel limits should be provided? 
What features should the different parts of 
the hoist have to insure low maintenance 
and satisfactory operation? In this article 
Mr. Hunter answers these questions and 
many more concerning the operation of 
small hoists. 


Things It Pays to Know 
About the 


Operation and 
Selection of 
Small Hoists 


Together With the Types 
and Operating Features 
of the Control, Brakes 
and Overtravel Protection 


By R. B. HUNTER 


Electrical Engineer, The Cutler-Hammer 
Manufacturing Co., Milwaukee, Wis. 


HE MODERN successor to the 

l chain block, is the electric 

hoist in 44-ton to 2-ton capac- 
ities. While the factors which justi- 
fy the larger investment may be 
quite varied, there is always one un- 
derlying reason for the choice of the 
electric hoist. This is the human 
factor; man power is multiplied by 
its use and men can be selected on a 
basis other than brawn. For this 
reason, in selecting a hoist, careful 
consideration should be given to all 
the parts that make up the hoist, 
and in particular to the control, 
which is the link between the oper- 
ator and the hoist, and between the 
hoist and the source of power. 

The elements of the electric hoist 
are: (1) the suspension; (2) the 
motor; (3) the gear reduction be- 
tween the motor and (4) the wind- 
ing drum, on which is wound (5) the 
chain or cable terminating in the 
hook or other load-supporting de- 
vice; (6) the control; (7) a brake 
to retard the load during lowering 
and to hold it suspended; (8) a 
brake to stop the motor; and (9) a 
stop to prevent overtravel of the 
hook and block. 
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When the power supply is direct 
current, the series-wound motor is 
universally used for small hoists. 
When alternating current is avail- 
able, the squirrel-cage motor is al- 
most always used; the slip-ring mo- 
tor is used only when accurate con- 
trol of speed is required. Slip-ring 
motors are more expensive, require 
more maintenance, and necessitate 
the use of a more expensive control; 
for these reasons their use is 
avoided, whenever possible. 

For controlling the starting, stop- 
ping and speed of the motor, there 
are two general types of control: 
namely, manual control and magnetic 
control. 

A hoist with manual control is 
shown in illustration G on page 529 
and in illustration C on page 554. 
The manual control is operated by 
pulling the proper cord for hoisting 
or lowering, the magnetic control by 
pushing the proper button. Some- 
times the push buttons are located at 
the end of a conduit which forms a 
convenient means for pushing the 
hoist along its track, as is shown in 
the illustration at the bottom of page 
528. More frequently, the push but- 


Tt 
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This small hoist has a magnetic con- 
troller which is operated from the 
push-button switch in the operators 

. A close-up view, showing the 
details of the hoist is given at A on 
page 528. 


tons are mounted in a pendant sta- 
tion suspended from armored cable. 
It is essential that firm and reliable 
anchorage be provided between the 
armor of the cable and the pendant 
station, for if this ground is broken 
there is always danger of shock to 
the operator. For the same reason, 
the armor should be firmly anchored 
to the metal frame of the hoist. 


ADVANTAGES OF MAGNETIC CONTROL 
FOR SMALL HOISTS 


The principal advantages of the 
magnetic control over the manual 
control are: (1) ease of operation, 
(2) accuracy of “spotting” the load, 
and (3) reduced maintenance. When 
the manual control is used, the 
proper contacts are closed by pulling 
the cord, and a spring opens the 
contacts when the cord is released. 
A considerable motion of the cord is 
required, and the parts have some in- 
ertia; so there is a small time inter- 


val between the pull or the release of 
the cord and the corresponding ac- 
tion of the hoist. While a skilled op- 
erator can make some allowance for 
this, no such allowance is required 
when the magnetic control is used, 
the action of the hoist being prac- 
tically instantaneous upon depress- 
ing or releasing the push button. 
With magnetic control, it is easily 
possible to “spot” the load, hoisting 
or lowering, at full speed, within 
half an inch of the desired point. 

If starting and stopping of the 
hoist are very frequent, magnetic 
control should be selected regardless 
of other conditions, because of re- 
duced maintenance expense. A one- 
minute cycle may be considered as 
being severe enough to justify the 
added expense of magnetic control, 
even though manual control is other- 
wise satisfactory. 

The prospective purchaser of an 
electric hoist should also consider 
whether delays for repairs will in- 
volve large expense due to loss of 
production. While.a well-designed 
control of either the manual or mag- 
netic type will probably be the cause 
of fewer delays than are caused by 
failure of other parts of the hoist, 
the magnetic control will in general 
require less frequent adjustment 
than the manual control, and may 
for this reason, even in light service, 
be desirable, if it is a part of a 
high-production unit. 


MANUAL CONTROL IS REQUIRED BY 
SOME APPLICATIONS 


It must not be concluded, however, 
that the manual control is generally 
an inferior type. A well-designed, 
manual controller is a simple and re- 
liable mechanism, and large numbers 
of them are giving highly satisfac- 
tory service. The magnetic type of 
control requires, in general, a higher 
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These small hoists are provided 
with brakes and limit stops. 


In illustration A is shown a close-up 
view of the hoist illustrated on page 
527. The solenoid-operated brake at 
the extreme right functions on the 
armature shaft. The hoisting chain 
passes through a hole in the operating 
lever of the limit stop. In illustration 
B is shown a small hoist having a mo- 
tor-operated trolley. Manual control 
is used for both hoist and trolley. The 
hoist has a solenoid brake somewhat 
similar to the one shown in illustra- 
tion A. At C is shown another man- 
ually-controlled hoist. The operating 
lever of the limit switch projects di- 
rectly above the sheave of the hook 
block. 


grade of maintenance, and where a 
plant electrician is not available, the 
simpler manual controller may be 
preferred. There are also, as will be 
noted later, certain control features 
which cannot readily be secured in 
magnetic control. 

For example, in addition to accur- 
acy of “spotting” referred to above, 


The push button operating the 
magnet control for this small 
hoist is mounted on a rigid arm. 


This construction is of advantage as 
the arm forms a convenient handle for 
pushing or pulling the trolley along its 
track or runway. 
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accurate control of hoisting_or lower- 
ing speed is sometimes required. In 
foundry work in particular, this is 
an essential feature. If, for instance, 
the full-load speed of the hook is 30 
ft. per min., for foundry service, it 
will probably be necessary to provide 
for an empty-hook speed of 10 ft. 
per min. This should be obtainable 
both in hoisting and lowering, in 
order to pick up and deposit flasks 
gently. It is usual to provide three 
or four speeds when speed control is 
required, so that the operator can se- 
lect the speed most suitable to the 
load and conditions of operation. In 
general, manual control is preferable 
to magnetic control for this service, 
because of the cost, size, and compli- 
cation of magnetic control with the 
multi-speed feature. Multi-speed 
hoists are rarely furnished where al- 
ternating-current power is used. 
Manual controllers are of two gen- 
eral types—drum type and faceplate 
type; the faceplate type was the ear- 
lier design, but the drum type is 
now used almost universally. A typ- 
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ical drum-type controller is shown in 
E of the illustration on this page. It 
consists of a cylinder carrying cop- 
per segments which, when the cord 
is pulled, make contact with fingers 
to complete the circuit between 
power supply and motor. 


FACTORS GOVERNING SELECTION OF 
SMALL-HOIST CONTROL 


The points to be noted in selecting 
a drum-type, hoist controller are: (1) 
Clearance between live parts and 
ground and between parts of op- 
posite polarity should be ample. Op- 
eration of the drum will deposit cop- 
per dust on exposed surfaces, and 
unless the clearances are ample the 
intervals between cleaning will be 
unduly short. (2) Barriers should 
be provided to prevent flashing. (3) 
Fingers should be readily adjustable 
and self-aligning with the segments. 
Finger pressure springs should not 
carry current. (4) The return 
spring should return drum cylinder, 
handle, and cords to neutral position 
quickly upon release of cord. (5) 
The centering device should stop the 
drum positively in neutral when 
drum is released from running posi- 


Three views showing manual and 
magnetic controls as used on 
small hoists. 

In illustration F is shown a hoist hav- 


ing magnetic control. As can be seen, 
the control consists of two double-pole 
contactors which are controlled from 
the push-button switch. At G is illus- 
trated a manually-controlled hoist. Il- 
lustration E shows the details of the 
manual controller. This type of man- 
ual control is known as a drum re- 


verse switch. Four fingers or contacts 
engage with segments on the drum 
which is operated by means of the two 
ropes shown in illustration G. 


er 
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tion. (6) The handle should be suf- 
ficiently long to operate without ex- 
cessive pull on the cord. (7) Wear- 
ing parts (segments and fingers) 


should be easily accessible for repair. 


(8) Drum should be easy to wire. 
(9) The controller should be enclosed 
by a dust-proof cover. 

The magnetic controller for small 
hoists consists of two contactors, 
one for each direction, mechanically 
interlocked so that both cannot be 
closed simultaneously, and a two-but- 
ton control station. Details of a 
magnetic controller can be seen in 
illustration F on this page. The 
points to be noted in selecting a mag- 
netic hoist control are: (1) Mag- 
netic blow-out should be furnished 
on contactors for  direct-current 
service. (2) Ample clearances should 
be allowed. (3) Contact surfaces 
should be self-aligning. (4) Coils 
should be filled with moisture-proof 
impregnating compound after wind- 
ing. (5) Controller should be easy 
to wire. (6) Controller should be 
enclosed by a dust-proof cover. (7) 
Push-button contacts and operating 
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buttons should be “husky.” (8) A 
guard should be provided around the 
buttons to prevent breakage. (9) 
The case containing the push buttons 
should be tapped for conduit about 
114, in. in diameter, or should be sup- 
ported from armored cable. 


OPERATION OF BRAKES USED ON 
SMALL HOISTS 


The majority of electric hoists 
have a friction brake, commonly 
called the load brake, to control the 
lowering speed. When worm reduc- 
tion is used between the motor and 
winding drum, the worm is made 
non-overhauling and will hold the 
load unless power is applied to the 
motor. When a load is being low- 
ered, the thrust of the worm against 
a friction bearing is balanced by the 
thrust due to rotation of the worm 
by the motor. The lowering speed 
is thus determined by the speed- 
torque characteristics of the motor, 
and will vary inversely with the 
weight on the hook. If spur-gear or 
chain reduction is used between mo- 
tor and winding drum, the lowering 
speed is governed by friction discs 
which engage when the load is being 
lowered and are separated when 
hoisting, as shown at (1) in illustra- 
tion B on page 554. 

Instead of a mechanical brake to 
limit the lowering speed, an electrical 
(dynamic) brake is sometimes used 
where direct current is the source 
of power. The control is so arranged 
that, when it is moved to the lower- 
ing position, the motor is converted 
into a generator which feeds current 
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Control Accessories Used on Small Hoists 


MOTOR 
BRAKE 


LOWERING 
BRAKE 


CONTROL 


[Mechanical Mechanical 


(a. c. or d. c.) 


Manual] Electrical 
(dynamic- 
d. c. only) 


Electrical 


Mechanical 
Magnetic 


Electrical Electrical 


into a properly-designed resistor. 
Briefly, the energy of the falling 
load on the hook is converted into 
heat in the resistor, and the speed of 
lowering thereby governed. The 
characteristics of the dynamic brake 
are such that the speed of lowering 
varies directly with the weight on 
the hook; that is, a heavy load is low- 
ered a little faster than a light load. 
Several control points can be fur- 
nished, so that the operator can ad- 
just the lowering speed to suit con- 
ditions. For hoists of the type dis- 
cussed in this article, speed adjust- 
ment is very rarely necessary. Dy- 
namic braking cannot be obtained 
with alternating-current motors. 

Since the motor drives the load 
during lowering, a brake is usually 
applied to the motor shaft when 
power is cut off to absorb the inertia 
of the armature, which otherwise 
would continue to rotate fpr a short 
time and allow the hook to drift. 
The brake usualy is of the 
shoe type, applied by a spring. It 
is not required to stop the load, but 
merely to take up the inertia of the 
armature, and can therefore be of 
relatively light design. When man- 
ual control is used, the brake may 
be opened in either of two ways: 
(1) mechanically, by some device 
operated by the cords which actuate 
the control; (2) electrically, by a 
magnet whose winding is energized 
at the same time that power is ap- 
plied to the motor. The method of 
operation and the results are the 
same with either electrical or me- 
chanical operation of the motor 
brake. Choice is made according to 
cost and details of hoist structure 
and arrangement. 

When magnetic control is used, 
however, there is no such choice, and 
an electrically-operated brake must 
be used. The reason for this is that, 
as noted before, one of the essentials 
of the magnetic control is that the 
control parts shall be light and easy 


Limit STOP 


Mechanical (positive or clutch type) 


Electrical (main circuit) 


Electrical (main circuit or pilot circuit) 


to manipulate. This means that the 
release of the brake, which requires 
considerable effort, must be affected 
electrically rather than manually. A 
solenoid-operated brake is shown in 
B of the illustration on page 528. 


SMALL HOISTS USE SEVERAL TYPES 
OF LIMIT STOPS 


Most electric hoists have a device 
to prevent overtravel of the hook in 
the up direction, and sometimes 
means to limit the travel in the down 
direction.. When manual control is 
used, the limit stop may be either 
mechanical or electrical. The me- 
chanical-type limit stop, which is 
more frequently used, usually takes 
the form of a bar which pushes the 
controller to the neutral position 
when the hook reaches the danger 
zone, simultaneously setting the mo- 
tor brake. Illustration G on page 
529 shows a hoist control with a me- 


These hoists use an extension 
cord instead of trolley wires for 
their power supply. 


The extension cord is piuggod into the 
power supply wherever is desired 
to hoist or lower the load. This does 
away with the use of two pulley wires. 
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chanical-type limit stop. In another 
type of mechanical limit stop the con- 
troller is of the drum type and is 
designed with clutch between the 
contact-making drum and the oper- 
ating handle. When the hook reaches 
the danger zone, the clutch is re- 
leased and the return spring snaps 
the control drum to the open-circuit 
position. The clutch is re-engaged 
by pulling on the reverse control 
cord. The advantage of this type of 
overtravel limit is that the contacts 
are opened and closed very quickly, 
thus reducing the burning of the con- 
tacts and allowing close adjustment 
of the stop. 

The electrical type of limit stop 
may also be used with manual con- 
trol. This type of stop consists of 
a switch in series with the motor, 
the switch being opened when the 
hook reaches the limit. The switch 
must open one line of a direct-cur- 
rent circuit, and two lines of an al- 
ternating-current circuit. The lines 
which are opened in the electrical- 
type limit stop must be bypassed 
when the controller makes the cir- 
cuit for the opposite direction. 

The choice of mechanical-type or 
electrical-type limit stop, like the 
choice of manually- or electrically- 
operated motor brake, depends on the 
relative cost as affected by the de- 
tails and arrangement of the parts 
of the hoist. 

When magnetic control is used, the 
electrical type of limit switch is re- 
quired. This switch may open the 
motor circuit, in which case the re- 
quirements are the same as for the 


electrical type of stop when used 


with manual control; or the limit 
switch may (Continued on page 554) 
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Some Symptoms Compiled by H. E. STAFFORD, 


Electrical Engineer, 
Provincial Paper Mills, 


Lightning | Port Arthur, Ont, Can. 
Arrester Troubles— 


Their Diagnosis and Remedies 


SYMPTOM TROUBLE CAUSE REMEDY 

1. Gaps continue|Abnormal arcing.|1. Too small gap setting. 1. Increase gap setting. 
to arc when set 2. Gap electrodes out of shape. 2. Straighten horns to proper alignment. 
in operating 3. Voltage greater than normal due to|3. Repair lines if crossed. 
position. crossing with higher voltage lines. 

4. Generator voltage too high. 4. Adjust generator voltage. 
5. Films not properly formed. 5. Examine cells and renew defective 
ones. 

2. Arc at horns or Excessive charg- 1. Improper charging. 1. Use proper method of charging in 
sphere gaps too] ing current. regard to time, holding the gaps on 
intense. short-circuit not longer than 5 to 10 

seconds. 
2. Arcing ground on line at time of 2. Locate and repair causes of ground or 
charging. abnormal arcing. 
3. Electrolyte deteriorated. 3. Renew electrolyte in cells. 

3. Arumbling|Arcing in oil. 1. One or more empty cells. 1. Fill cells with electrolyte. 
noise issues 2. One or more punctured cones. 2. Remove and replace with new cones, 
from tanks. 3. Electrolyte in contact with wooden| putting new ones at top of the stack. 

rods or insulating separators. 3. Wash all traces of electrolyte from 


rods and spacers and see that same 
does not come in contact when refill- 
ing and assembling. 


Same as above 3 causes. Same as above 3 remedies. 


4. Oil is thrown|Arcing in oil. 
from tanks. 

4. Electrolyte becomes heated due to pro-|4. When this happens, the electrolyte 
longed short-circuit of horns or sphere] becomes boiled down and it is usually 
gaps. necessary to take down the entire 

stack, clean each cone, renew any cones 
which may be punctured or on which 
the film is gone and refill and charge 
the arrester.* 


5. A sizzling or Due to scintilla-/Voltage concentration on any spots in/This does no real harm unless it is ag- 
crackling noise| tion. the cell not properly filmed. gravated and becomes the same as 
issues from the symptom 4. No notice need be taken 
tanks. of this symptom. 


6. A sizzling or|Leakage current. 1. Dust or moisture on insulators and re-|1. Clean insulators, frame work and re- 
crackling noise sistance units. sistance units and remove all traces 
issues from of moisture. 
some part of 2. Cracked or chipped insulators. 2. Renew defective insulators. 
the arrester 
outside the 
tanks. 


7 Arcing atjl. Loose or brok- 


1. Carelessness in assembling or due toj|1. Repair loose connections and polish 
points of ar-] en connections. 


prolonged arc due to short-circuiting| all contacts with sand paper and shel- 


rester mechan- of horns. lac all current carrying parts. 
ism other than 2. Repair break, first cutting the arrester 
horns o r. Broken ground 2. Corrosion or damage. from the line. 


spheres. connection. The arrester is useless and also a haz- 


ard when the ground connection is 
broken, and therefore all ground con- 
nections should be periodically in- 
spected and tested. One ground should 
never be depended upon, two or three 
being necessary. 


* In taking down the stacks of aluminum cell arresters, each cone should be lifted from the wooden supports sepa- 
rately, handling them by the rim only. The contents is emptied out and the cell washed with gasoline or ivory soap, 
the latter preferred, and thoroughly dried with fine cheese cloth. As each cell or cone is finished it is inverted, with 
the insulating spacers, which should also be washed and dried, between the cones. In this manner, the cones will oc- 
cupy the same position when again assembled. The cells when assembled should be immediately filled with electrolyte, 
to the height called for by the manufacturers, and charged and immediately put in service. 
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Handy Tables 
For Use in 


NDUSTRIAL ENGIN 


Laying Out Wave 
Windings for A. C. Motors 


Complete With Instructions and Worked-Out Ex- 
amples Showing How the Tables Are Used Together 
With Details of the Way They Are Derived 


By A. C. ROE 


Renewal Parts Engineering Department, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pa. 


REVIOUS articles in the Sep- 
P tomter and October issues ex- 

plained how to lay out and con- 
struct two-layer wave windings for 
three-phase, two-phase and single- 
phase stators. We will now take up 
some of the short-cut methods that 
may be used to accomplish the same 
ends with a great deal less time and 
effort. 

After a winder thoroughly under- 
stands the principles of wave wind- 
ings, he will not need a diagram to 
make the connections. He will be 
able to figure out the slot in which 
each lead, short pitch, and reversing 
jumper will be located, jot down the 
slot numbers on a sheet of paper and 
connect up his winding from this 
data. He will have to use a standard 
method of connection for all makes 
of machines, but this will not cause 
any trouble except where the leads 
outside the machine are too large to 
interchange or in the case of ma- 
chines such as turbo-generators, in 
which the line leads must have the 
same relation before and after re- 
winding. These are in the minority 
however, and for the general run of 
cases a standard connection method 
will prove satisfactory. Conse- 
quently, the only things that can af- 
fect the winding are: (1) Changing 
the manner of picking up the leads. 
(2) Using a left-hand in place of a 
right-hand winding, or vice versa. 
(3) Connecting the line leads to top 
conductors in place of the bottom 
conductors, or vice versa. The lat- 
ter will reverse the direction of rota- 
tion in a motor or will change the 
polarity of the leads in a generator. 
interchanging any two leads outside 
the machine will correct this defect. 


In the majority of cases any small 
changes, such as noted in the preced- 
ing paragraph, can be corrected. 
Therefore a set of tables has been 
compiled that gives the winding data 
for a number of standard makes of 
machines. As each manufacturer 
has his own method of connecting up 
a wave winding, one standard method 
was adopted and used. This stan- 
dard method will be found satisfac- 
tory, unless some very special fea- 
ture is found in the machine to be 
rewound. 

Tables I to V inclusive given on 
the following pages are for two- 
phase, motor windings. Tables VI 
to X inclusive are for three-phase, 
motor windings. Table I gives the 
number of coils from 16 to 216 that 
will form a balanced two-phase, four- 
pole winding. The first column gives 
the number of coils in the winding, 
the second column gives the coils per 
section, the third column gives the 
coils per group, which is also the 
number of times the winding will be 
encircled and is equal to the number 
of series per section, and the fourth 
column indicates the full front pitch. 
The fifth, sixth, seventh and eighth 
columns give the slot numbers in 
which fall the conductors connecting 
to the A:, Bi, A:, and B: leads. The 
ninth column gives the location of 
the conductors to which the revers- 
ing jumpers are connected. The 
tenth column gives the location of 
the conductors which are connected 
to form the short-pitch connections. 
The last or eleventh column gives the 
total number of short jumper clips in 
the entire winding. 

In laying out a winding, the slots 
should be numbered in a clockwise 
direction around the stator, if the 
coils are to be wound in for a left- 
hand winding. If a right-hand wind- 
ing is to be laid out, the slots should 
be numbered around the stator in a 
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THIS IS the third of a series 
of articles on alternating-cur- 
rent, wave windings. The 
first two articles, which were 
published in the September 
and October issues, explained 
how to lay out and construct 
wave windings for three- 
phase, two-phase, and single- 
phase stators having two- 
layer windings. This article 


gives short-cut methods and 
tabulations of data for use in 
laying out this type of wind- 


ing. A succeeding article 
will give similar tabulations 
for use on rotor windings and 
will also discuss how to lay 
out wave windings for ma- 
chines in which the number 
of slots is not a multiple of 
the number of poles. 


counter-clockwise direction. In all 
of the tables given on the following 
pages, the A: lead is started in slot 
1. Usually the line leads, A., A:, B. 
and B: are connected to top conduc- 
tors. In this case, the reversing 
jumpers will be connected to bottom 
conductors. Hence, in the tables, the 
fifth, sixth, seventh, and eighth col- 
umns give the slots which hold the 
top conductors that the line leads are 
to be connected to. The ninth col- 
umn gives the slots holding the bot- 
tom conductors which the reversing 
jumpers are to be connected to. In 
Table I, for the sixteen-coil winding 
the bottom conductors of slots 8 and 
12 are to be connected together to 
form one reversing jumper while 
the bottom conductors in slots 2 and 
6 are to be connected together to 
form the other reversing jumper. 

In the short-pitch column, the 
first figure gives the number of the 
slot in which a bottom conductor is 
to be used and the second figure 
gives the number of the slot in which 
a top conductor is to be used. These 
two conductors are connected to- 
gether for the short-pitch connec- 
tion. As an example, take the six- 
teen-coil winding of Table I. In 
this winding the first short-pitch 
connection will occur between the 
bottom conductor in slot 13 and the 
top conductor in slot 16; the second 
short-pitch connection occurs be- 
tween the bottom conductor in slot 
9 and the top conductor in slot 12, 
and so on for the other two short- 
pitch connections. In windings 
where there are more than two 
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Table I—Four-Pole, Two-Phase Windings 


The following tables give the winding data required for laying out wave windings. 
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If the number of poles, number of 


phases and number of coils are known, reference to the proper table will give the coils per section, coils per group, winding 
pitch, and the location of the line leads, star leads, reversing jumpers, and short pitch connections. With this data the winder 
can connect up the winding without the use of a diagram or other information. 


For a left-hand winding number slots in a clockwise direction. 


For a right-hand winding number slots in a counter-clockwise direction. 
In the last column to the right are given the number of short jumper (S. J.) clips. 


LINE LEADS 


No. Coils Cos Top Conductors REVERSING SHort-Pitcno CONNECTIONS No. 
or PER PER PitcH JUMPERS Connected Bottom to Top 8. J. 
Corts | SECTION | GROUP Al Bi A2 Bz | Bottom to Bottom CLIPS 
16 4 2 1& 5 1 11 13 7 ( 8- 12) (2- 6) (13-16) (9-12) (7-10) (3-6) 4 
24 6 3 14 7 1 16 19 10 (11- 17) (2- 8) ( 18- 23, 19- 24) (12 17, 13- 18) (9. 14, 10 15) ( 8, 4-9) 8 
32 8 4 14 9 1 21 25 13 (14 22) 233 ( 23- 30, 25- 32) (15 22, 17. 24) (11 18. 13- 20) (3-10, 5-12) 12 
40 10 5 1& 11 1 26 31 16 (17- 27) (2-12) 28- 37, 31- 40) ( 18 27, 21- 30) (13- 22, 16- 25) (3-12, 6-15) 16 
48 12 6 1 & 13 1 31 37 19 (20 32) (2-14) 33- 44. 37- 48) ( 21- 32. 25- 36) (15 26, 19- 30) (3-14, 7-18) 20 
56 14 7 14 15 1 36 43 22 (23 37) (2-16) 38- 51, 43- 56) ( 24- 37, 29- 42) (17- 30, 22- 35) (3-16, 8-21) 24 
64 16 8 14 17 1 41 49 25 (26- 42) (2-18) 43- 58, 49- 64) ( 27- 42. 33- 48) (19. 34, 25- 40) 3-18, 9-24) 28 
72 18 9 1419 1 46 55 28 1325 47) (2-20) 48- 65, 55- 72) ( 30- 47, 37- 54) (21- 38, 28- 45) (3-20, 10-27) 32 
80 20 10 1 & 21 1 51 61 31 32- 52) (2-22) 53- 72, 61- 80) ( 33- 52, 41- 60) (23- 42, 31- 50) (3-22, 11-30) 36 
88 23. 11 14 23 1 56 67 34 (35- 57) (2-24) 58- 79, 67- 88) ( 36- 57, 45- 66) (25- 46, 34- 55) (3-24, 12-33) 40 
06 24 12 1 & 25 1 61 73 37 38- 62) (2-26) f 63- 86, 73- 96) ( 39- 62. 49- 72) 25. 50, 37- 60) (3-26, 13-36) 44 
104 26 13 1 & 27 1 66 79 40 41- 67) (2-28) 68- 93, 79-104) ( 42- 67, 53- 78) (29- 54, 40- 65) (3-28, 14-39) 48 
112 28 14 1 & 29 1 71 85 43 44- 72) (2-30) 73-100, 85-112) ( 45- 72, 57- 84) (31- 58, 43- 70) (3-30, 15-42) 52 
120 30 15 1431 1 76 91 46 47- 77) (2-32) 78-107, 91-120) ( 48 77, 61- 90) (33- 62, 46- 75) (3-32, 16-45) 56 
128 32 16 1 & 33 1 81 97 49 (50- 82) (2-34) 83-114. 97-128) ( 51- 82, 65- 96) (35- 66, 49- 80) (3-34, 17-48) 60 
136 34 17 1 & 35 1 86 | 103 52 (53- 87) 285 88-121, 103-136) ( 54- 87, 69-102) (37. 70, 52. 85) (3-36. 18-51) 64 
144 36 18 1 & 37 1 91 109 55 85 92) (238) 93-128, 109-144) ( 57- 92, 73-108) (39 74, 55- 90) (3-38, 19-54) 68 
152 38 19 1 & 39 1. 96 | 115 58 59- 97) (2-40) 98-135, 115-152) ( 60- 97, 77-114) (41- 78, 58- 95) (3-40. 20-57) 72 
160 40 20 1 & 41 1 101 121 61 5 2-42) (103-142, 121-160) ( 63-102, 81-120) 14 82, 61-100) (3-42, 21-60) 76 
168 42 21 1 & 43 1 106 | 127 64 65-107) (2-44) (108-149, 127-168) ( 66-107, 85-126) (45- 86, 64-105) (3-44, 22-63) 80 
176 44 22 1 & 45 1 111 133 67 (68-112) (2-46) (113-156, 133-176) ( 69-112, 89-132) HA 90, 67-110) (3-46, 23-66) 84 
184 46 23 1 & 47 1 116 [ 139 70 1 (2-48) 1 139-184) ( 72-117, 93-138) (49. 94. 70-115) (3-48, 24-69) 88 
192 48 24 1 & 49 1 121 145 73 74-122) (2-50) 123-170, 145-192) ( 75-122, 97-144) (51- 98, 73-120) (3-50, 25-72) 92 
200 50 25 1 & 51 1 126 151 76 (77-127) (2-52) (128-177, 7 78-127, 101-150) (53-102, 76-125) (3-52, 26-75) 96 
208 52 26 1 & 53 1 | 131 157 79 (80-132) (2-54) (133-184, 157-208) ( 81-132, 105-156) (55-106, 70-130) 6856 27-78) 100 
216 54 27 1 & 55 1 136 | 163 82 (83-137) (2-56) (138-191, 163-216) ( 84-137, 109-162) (57-110, 81-135) (3-56 28-81) 104 

0 0 e 
Table II—Six-Pole, Two-Phase Windings 
See heading of Table I for instructions on numbering slots. 
Line LEADS 
No. CorILs Corrs Top Conductors REVERSING SHort-Pirce CONNECTIONS No. 
or PER PER Prres | ——— —..üñ JUMPERS Connected Botiom to Top 8. J. 
Cors | Secrion | Group Al Bı | Az | B2 | Bottom to Bottom CLIPS 
24 6 2 14 5 1 11 21 7 16- 20) (2- 6) (21-24) ' (17-20) (7-10) (3-6) 4 
36 9 3 14 7 1 16 31 10 23. 29) (2- 8) (30 35, 31- 36) ( 24 29, za 30) ( 9-14, 10-15) 85 8. 4 9) 8 
48 12 4 14 9 1 21 41 13 30- 38) (2-10) 39- 46, 41- 48) 0 31- 38, 33- 40) (11-18, 13-20) (3-10, 5-12) 12 
60 15 5 14 11 1 26 51 16 37. 47) (2-12) 48- 57. 51- 60) ( 38- 47, 41- 50) (13-22, 16-25) (3-12, 6-15) 16 
72 18 6 1 & 13 1 31 61 19 44 56) (2-14) ( 57- 68, 61- 72) ( 45- 56, 49 60) (15-26, 19-30) oie 7-18) 20 
84 21 7 1415 1 36 71 22 51- 65) 28 ( 66- 79. 71- H 52- 65, 57- 70) (17-30, 22-35) (3-16, 8-21) 24 
96 24 8 1417 1 41 81 25 58- 74) (2-18) 75- 90, 81- 96) (59. 74, 65- 80) 19-34, 25-40) (3-18, 9-24) 28 
108 27 9 1&19 1 46 91 28 65- 83) (2-20) 84-101, 91-108) ( 66- 83, 73- 90) (21-38, 28-45) (3-20, 10-27) 32 
120 30 10 1421 1 51 101 31 72- 92) (2-22) 93-112, 101-120) ( 73- 92, 81-100) (23-42, 31-50) (3-22, 11-30) 36 
132 33 11 1 & 23 1 56 | 111 34 79-111) (2-24) 102-123, 111-132) ( 80-101, 88-110) 25-46, 34-55) 25 1233) 40 
144 36 12 1 & 25 1 61 121 37 86-120) (2-26) 111-134, 121-144) ( 87-110, 97-120) 27-50, 37-60) 3-26, 13-36 44 
156 39 13 1 & 27 1 66 | 131 40 __ 93-129) (2-28) 2-28) 120-145, 131-156) ( 94-119, 105-130) (29-54, 40-65) as 14-39 48 
168 42 14 1 & 29 1 71 141 43 ~~ (100-138) (2-30) 2-30) (120-156, 141-168) (101-128, 113-140) (81-58. 43-70) (3-30, 15-42) 52 
180 45 15 1&31 1 76 | 151 46 107-147) art 1 151-180) (108-137, 121-150) (33-63, 46-75) 3-32, 16-45) 56 
192 48 16 1 & 33 1 81 161 49 114-156) (2-34 147-178, 161-192) 115-146, 129-160) (35-66, 49-80) 3-34, 17-48) 60 
204 51 17 1& 35 1 86 171 52 121-165) 30) (156-189, 171-204) (122-155, 14818050 37-70, 52-85) (3-36, 18-51) 64 
216 54 18 1 & 37 1 91 | 181 55 128-174) 2289 (165-200, 181-216) (129-164, 145-180) (30-74 55-90) (3-38, 19-54) 68 
Table III—Eight-Pole, Two-Phase Windings 
See heading of Table I for instructions on numbering slots. 
Lis Leaps 
No. Corts CorLs Top Conductors REVERSING SHORT-PITCH CONNECTIONS No. 
or PER Prr Pirca  |————_———_ JUMPERS Connected Bottom to Top 8. J. 
Corts | Section | Group Al | Bi | A? B2 | Bottom to Bottom CLIPS 
32 8 2 1& 5 1 11 29 7 24- 28) (2- 6) (29-32) (7-10) (3-6) 4 
48 12 3 14 7 1 16 43 10 35- 41) (2- 8) 42- 47, 43- 48) ( 36- 437 42 9-14, 10-15) ( 8, 4 9) 8 
64 16 4 14 9 1 21 57 13 46- 54) (2-10) 55- 62, §7- 890 47- 54, 49- 56) (11-18, 13-20) 33 5-12) 12 
80 20 5 1& 11 1 26 71 16 57- 67) (2-12) 68- 77, 71- 80) ( 58 67, 6l- 70) (13-22, 16-25) (512 6-15) 16 
96 24 6 1 & 13 1 31 85 19 68- 80) 40 81- 92, 85- 96) (69 80, 73- 84) 0 19-30) (3-14, 7-18) 20 
112 28 7 1 & 15 1 36 99 22 79- 93) 216 94-107, 99-112) ( 80- 93, 85- 98) (17-30, 22-35) (3-16, 8-21) 24 
128 32 8 14 17 1 41 113 25 90-106) (2-18) 107.122. 127144) 91- 106, 97-112) 2143 25-40) (3-18, 9-24) 28 
144 36 9 1 & 19 1 46 | 127 28 (101-119) (2-20) (120-137, 127-144) (102-119, 109-126) (21-38, 28-45) (3-20, 10-27) 32 
160 40 10 1 & 21 1 51 141 31 0 12-132) (2-22) 18 141-160) (113-132, 121-140) (23-42, 31-50) (3-22, 11-30) 36 
176 44 11 1&23 1 56 155 34 123-145) (2-24) 146-167, 155-176) (124-145, 133-154) (25-46. 34-55) (3-24, 12-33) 40 
192 48 12 1 & 25 1 61 169 37 1 2-26) (159-182, 169-192) (135-158, 145-168) (27-50, 37-60) 22 1336) 44 
208 52 13 1 & 27 1 66 183 40 145-171) (2-28) (172-197, 183-208) eres 167-182) (29-54, 40-65) (3-28, 14-39) 48 
224 56 14 1 & 29 1 71 197 43 (156-184) (2-30) (185-212, 197-224) (157,184, 179-196) (31-58, 43-70) (3-30, 15-42) 52 
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short-pitch connections, the slot 
numbers of the first and last short- 
pitch connections are given. For the 
thirty-two-coil winding in the third 
line of Table I, there appears in the 
tenth or short- pitch column, a group 
of four figures in brackets, the first 
group being (28-80, 25-32). This 
means that the bottom conductors in 
slots 23, 24 and 25 are to be con- 
nected to the top conductors in slots 
30, 81 and 32 respectively; that is, 
the bottom conductor in slot 23 is to 
be connected to the top conductor in 
slot 30, the bottom conductor in slot 
24 is to de connected to the top con- 
ductor in slot 31, and the bottom con- 
ductor in slot 25 is to be connected 
to the top conductor in slot 32. This 
method saves time and space in com- 
piling the tables. 

Tables VI to X are for three-phase 
windings, having from four to twelve 
poles and connected series star or 
series delta. In these tables, the 
line leads and the star connections 
are the top conductors in the slots 
indicated in the fifth, sixth, seventh, 
eighth, ninth, and tenth columns. The 
line leads are designated by A, B and 
C; the star connections are indicated 
by A., Bi and Ci. The tables give 
the arrangements direct for a series- 
star connection; that is, for the 
twenty-four-coil winding in Table 
VI, the line leads connect to the top 
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conductors in slots 1, 9 and 17 re- 
spectively, and the star connection is 
formed by joining together the top 
conductors in slots 19, 8 and 11. If 
a series-delta connection for the 
same winding is desired, the con- 
nection scheme is given at the top 
of Table VI. The leads A and B.: 
connect to one line, the leads B and 
C, connect to the next line and the 
leads C and A: connect to the third 
line. That is, the top conductors in 
slots 1 and 3 connect to one line, the 
top conductors of slots 9 and 11 con- 
nect to the second line, and the top 
conductors in slots 17 and 19 connect 
to the third line. 

The winding layout given in the 
table will bring the line leads close 
together. A method of figuring the 
layout for other spacings will be 
given later. The precautions neces- 
sary when laying out the winding in 
the motor are: first, that the slots 
be numbered in a clockwise direction 
for a left-hand winding and in a 
counter-clockwise direction for a 
right-hand winding; and second, that 
the winder face the connection end 
of the stator when laying out the 
slot numbers and when determining 
whether the winding is to be right 
hand or left hand. 

These tables apply to right- and 
left-hand windings having the leads 
connected to top conductors. The 
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tables can also be used when it is 
desired to use the bottom conduc- 
tors for leads. For a left-hand wind- 
ing in which bottom conductors are 
connected to the line leads, the slots 
should be numbered in a counter- 
clockwise direction. Then instead 
of taking the top conductors in the 
slots indicated in the table for the 
line and star leads, use the bottom 
conductors in the same slots. The 
reversing jumpers will be connected 
to top conductors instead of bottom 
conductors and will use the same 
slots as the table shows. For the 
short-pitch connections, it is only 
necessary to change the tables to 
read top to bottom, instead of bot- 
tom to top. For example, in the first 
line (twenty-four-coil winding) of 
Table VI, the first short-pitch con- 
nection will occur between the top 
conductor of slot 19 and the bottom 
conductor of slot 24 instead of the 
bottom conductor of slot 19 and the 
top conductor of slot 24, as the table 
reads. 

If it is desired to use bottom con- 
ductors for line leads and have a 
right-hand winding, the slots should 
be numbered in a clockwise direction. 
The line leads will be connected to 
bottom conductors, the reversing 
jumpers will be connected to top con- 
ductors and the short-pitch connec- 
tions will be the same as has been 


Table [V—Ten-Pole, Two-Phase Windings 


See heading of Table I for instructions on numbering slots. 


LINE LEADS 


CorLs 
PER 
GROUP 


Ha CoILs 
PER 
Cors SECTION 


Top Conductors 


REVERSING 
JUMPERS 
Bottom to Bottom 


17- 19) (2- 4) 


Sxort-Pitcy CONNECTIONS 
Connected Bottom to Top 


32- 36) (2- 6) 
( 47- 53) (2- 8) 
( 62- 40) (2-10) 


77- 87) (2-12) 
92-104) (2-14) 


pam pt pt — 
fr & 
ONDU 


(33-36) (7-10) 
54- 59, 55- ome 48- 53, 49- 54) (9-14, 10-15) (3- 8, 
73. 80) ( 63- 70, 65- 72) (11-18. 13-20) (3-10, 5- 


88- 97, 91-100) 78- 87, 81- 90) (13-22, 16-25) (3-12, 
105-116, 109-120) ( 93-104, 97-108) 11 0 19-30) 3 
(107-121) (2-16) 122-135, 127-140) (108-121, 113-126) (17-30, 22-35) (3-16, 
(122-138) (2-18) 139-154, 145-160) (123-138, 129-144) (19-34. 25-40) (3-18, 


(137-155) (2-20) 1584035 163-180) (138-155, 145-162) (21-38, 28-45) (3-20, 
1670 (2-22) 173-192, 181-200) (153-172, 161-180) (23-42. 31-50) (222 
167-189) (2-24) (190-211, 199-220) (168-189, 177-198) (25-46, 34-55) (3-24, 


9 1 
0 14 
1 1 


Sis 
22 pt 


Table V—Twelve-Pole, Two-Phase Windings 


See heading of Table I for instructions on numbering slots. 


Line LEaps 
Top Conductors SHort- Pitch CONNECTIONS 


Connected Bottom to Top 


REVERSING 
JUMPERS 
Bottom to Bottom 


No. Colts Corts 
PER PER 
Corrs | Secrion | Group 


ea 18 : 
61- 66)( 9-14, 5) (3- 8 
„ 81l- 88) (11- 18, 13. 20) (310. 

108-117, 111-120) 98-107, 101-110) (13-22, 16-25) (3-12, 
129-140, 133-144) (117-128, 121-132) (15-26, 19-30) (3-14, 
150-163, 155-168) (136149. 141-154) (17-30, 22-35) (3-16, 
171-186, 177-192) (155-170, 161-176) (19-34, 25-40) (3-18, 
192-209, 199-216) (174-191, 181-198) (21-38, 28-45) (3-20, 10-27) 


59- 65) (2- 8) 
78- 86) (2-10) 


97-107) (2-12) 
116-128) 2105 
135-149) (2-16) 
154-170) (2-18) 
173-191) (2-20) 


Re Be Be Be 
S 


O en. 
bt pó d — — 
Rre P fr 
O N GW ee 
wt pot pt pt pt 


| 
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outlined in the preceding paragraph. 

The way to apply the data given in 
the tables direct to the winding, 
without the use of a diagram, is as 
follows: 

(1) Locate the slot that is on the 
center line of the terminal block. 
Call this the B-phase, line-lead slot. 

(2) The tables will give the num- 
ber of the B-phase, line-lead slot 
and using this as a starting point, 
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all of the other slots can be num- 
bered. 

(3) The coils should now be put 
in the stator in the proper group 
formation. The first and last coils 
of each group are phase coils and 
should have phase insulation. The 
number of coils in a group is given 
in the third column of the table; 
hence the location of the phase coils 
can be readily determined. 
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(4) Locate the conductors to 
which the line leads and star leads 
connect. This is given in the tables. 

(5) Locate the reversing jump- 
ers and tie them together temporar- 
ily. The location of the slots in 
which the reversing jumpers fall is 
given in the tables. 

(6) Locate the conductors form- 
ing each of the short pitches in the 
order given in the table. Clip these 


Table VI—Four-Pole, Three-Phase Windings 


These tables give the arrangement for a series-star connection. To obtain a series-delta connection, connect A and B, to 
one line lead, B and C, to second line lead and C and Á, to third line lead. 

For a left-hand winding number slots in a clockwise direction. 

For a right-hand winding number slots in a counter-clockwise direction. 

“Top” refers to top conductor in slot; “bottom” refers to bottom conductor in slot. 

In the last column to the right are given the number of short jumper (S. J.) clips. 

Tables VI-X give layouts that will bring the line leads as close together as possible. 


2 STAR 
E Top 

Al | Bi {| Ci 
14 7 1 191 311 
1410} 1 28 4] 16 
1&13| 1 37 § | 21 
14 160 1 46 6286 
1 19 1 55 731 
14 22) 1 64 8 | 36 
14 25) 1 73 9] 41 
1 & 28| 1 82 | 10 | 46 
14 31 91 | 11 | 51 
1 & 34 100 | 12 | 56 
1 & 37 109 | 13 | 61 
1 & 40 118 | 14 | 66 
1443 127 | 15 | 71 
1 & 46 136 | 16 | 76 
1 & 49 145 | 17 | 81 
1 & 52 154 | 18 | 86 
1 & 55 163 | 19 | 91 


REVERSING SHort-Prrcwx CONNECTIONS No. 
JUMPERS Connect Bottom to Top 8. J. 

Bottom to Bottom CLIPS 
12- 18)( 20-2)( 4-10) (19-24) (13-18) (3-8) (21-2) (11-16) (5-10) 6 
17- 26)( 29-2)( 5-14) 27- 35, 28- 36)(18 26, 19- 27)(3-11, 4-12)( 30-2, 31- 3)(15- 23, 16- 24)( 6-14, 7218 12 
22. 34) ( 38-2) ( 6-18) 35 46, 37- 48) (23 34, 25- 36) (3-14. 0 aa: 422 4l- 510 19- 30, 21- 32)( 7-18, 920) 18 
27- 42)( 47-2)( 7-22) |( 43- 57, 46- 60)(28- 42, 31- 45)(3-17, 6-20) 5l- 90 23- 37, 26- 40 8-22, 11-25) 24 
75 ea 56-2)( 8-26) 51- 68, 55- 72)(33- 50. 37- 54)(3-20. 2 57-2, 61- 6) (27 44, 31- 48)( 9-26, 13-30) 30 
37. 58)( 65-2)( 9-30) |( 59- 79, 64. 84)(38- 58, 43- 63)(3-23, 8-28)( 66-2. 71- 8 51, 36- 56) 10-30, 1635) 36 
855 700 74-2) (10-34) [( 67- 90, 73. 99 018 66, 49. 72) (326. 9-32) ( 75-2, 81- 8) (35 58, 41- 64) (11-34. 1740) ] 42 
47 74)( 83-2) 1138 ( 75-101, 82-108)(48- 74, 55- 81)(3-29, 10-36)( 84-2, 91- 9)(39- 65, 46- 72)(12-38, 19-45)| 48 
va 990 92-2) (1242) |( 83-112, 91-120) (53. 82, 61- 90) (3-32, 1140) ( 93-2, 101-10) (43. 72, 51- 80) (1342. 21-50) 54 
57- 90) 110 100 91-123, 100-132) (58 90, 67- 09)(3-35, 12-44)(102-8, 111-11)(47- 79, 56- 88)(14-46, 2355) 60 
(62- 05511825 14-50) 99-134, 100-144)(63- 98, 73-108)(3-38, 1 121-12) (51 86. 61- 0401854 25-60) 66 
(67-106)(119-2)(15-54) (107.165, 118-156) (68-106, 79-117)(3-41, 14-52)(120-2, 131-13)(55- 93. 66-104)(16-54, 27-65) 72 
72-114)(128-2)(16-58) |(115-156, 127-168)(73-114, 85-126)(3-44, TERNAT 141-14)(59-100, 71-112)(17-58, 29-70) 78 
77-122)(137-2)(17-62) (123167. 136-180)(78-122, 91-135)(3-47, 16-60)(138-2 110 63-107, 76-120)( 18-62, 31-75) 84 
82-130)(146-2)(18-66) (131-178, 1 97-144) (3-50, 17-64) (147-2. 12100 67-114, 8 1-128) (19-66. 33-80) 90 
87-138) (155-2) (1970) 139-189, 154-204) (88-138, . 3-53, 18-68) (156-2, 171-17) (71-121. 86-136) (20-70, 35-85) 06 
92-146)( 164-2) (20-74) (147-200, 163-216)(93-146, . 3-56, 1972) (165-2, 181.18) (75-128. 91-144) (21-74. 37-90) 102 


Table VII- Six-Pole, Three- Phase Windings 


See heading of Table VI for instructions on using table. 


83888 LEADS 
68 E F 9 Top REVERSING Ssont-Pitce CONNECTIONS No. 
28 5 858 JUMPERS Connect Bottom to Top 8. J. 
S 8 ABI C Bottom to Bottom | Cures 
18; 3114 4) 1] 5] 9 13- 16) ( 17-2) ( 6)] None 0 
36| 6| 2/1 & 7 11917 24- 30) ( 32-2) ( 4-10) (31-36) (25-30) (3-8) (33-2) (11-16) (5-10) 6 
5493 {1410} 1 1325 35- 88 47-2) ( 5-14) f 45- 53, 46- 54) (26-34, 27-35) (3-11, 4-12) ( 48-2, 49. 3) (15-23, 16-24) ( 6-14, 7-15) 13 
72 12 414 13 14 17] 33 ( 46- 58) ( 62-2) ( 6-18)| (59. 70, 61- 72) (27-38, 20-40) (3-14, 5-16) ( 63-2, 65- 4) (19-30, 21-32) ( 7-18, 9-20) 18 
90| 15] 5 [14 160 1 21 | 41 57- 72) f 77-2) ( 7-22)| ( 73- 87, 76- 90) (28-42, 31-45) (3-17, 6-20) ( 78-2, 81- 5) (23-37, 110 8-22, 11-25) 24 
108 | 18 | 6|14&19) 125 49 68- 86) ( 92-3) ( 8-26)| ( 87-104, 951250 20-46 , 33-50) (3-20. 7-24) (93-2, 97- 6) 27-44, 31-48) ( 9-26, 13-30) 30 
126 | 21 | 7 |1 & 22| 1 20] 57 79-100) (107-2) ( 9-30)| (101-121, 106-126 30-50, 35-55) (3-23, 8-28) 108-2, 113- 7) (31-51, 36-56) (10-30, 1740 36 
144 | 24| 8 |1 & 25) 13365 90-114) (122-2) (10-84)| (115-138, 121-144) (31-54, 37-60) 3-26, 9-32) (123-2, 129- 8) 35-58, 41-64) (11-34, 17-40 42 
162 | 27 | 9 14 28| 13778 (101-128) (137-2) (11-38) 144.172 136-162) ats 39-65) (3-29, 10-36) (138-2, 145- 9) (39-65, 46-72) (12-38, 19-45) 48 
180 | 30 | 10 |1 & 31| 1] 41 | 81 112-142) (152-2) (12-42)} (143-172, 151-180) (33-62. 41-70) (3-32, 11-40) 153-2, 161-10) (43-73, ey 13-42, 21-50) 54 
198 | 33 | 11 [1434 145 | 89 123-156) (167-2) (13-46) (171.200 PEE 3870 43-75) (238 12-44) 168-2, 177-11) 6125 56-88) (14-46, 23-55) 60 
216 | 36 | 12 |1 & 37 1 | 40 | 97 | 81 | 13 | 61 (134170) (182-2) (14-50)| (171-206, 181-216) (35-70, 45-80) (3-38, 13-48) (183-2, 193-12) (51-86, 61-96) (15-50, 25-60) 66 
Table VIII—Eight-Pole, Three-Phase Windings 
See heading of Table VI for instructions on using table. 
8 2 4 De 
8 3 aslap] N LEADS STAR 
8 3 5 8 o E Top Top REVERSING SHort-PitcnH CONNECTIONS No. 
88 AE JUMPERS Connect Bottom to Top 8. J. 
S9 Ai B| C |A| Bil] Ci| Bottom to Bottom CLIPS 
a| 4 1 14 4 1| 5| 9 22 2 6 (19. 22) (23.2) (. 6)| None 0 
488; 8] 214 7 1] 91743 311 (36 42) f 44-2) ( 4-10) (43-48) (37-42) (3-8) (45-2) (11-16) (5-10) 6 
72 12 3 1 & 10 113 25] 64] 4/7 16 (53. 62) ( 65-2) ( 5-14)| ( 63- 71, 64 50 54 62, 55- 840 412) ( 66-2, 67- 3) (1523. 21.30 6-14, 7-15) 12 
96 16] 441413) 117 33 | 85 | 521 (70 82) 86-2) (6-18) ( 83- 94, 85- 96)( 71- 82, 73- 84)(3-14, 201 87.2. 89 4) (1930. 21-32) 7-18, 9-20) 18 
120 20 5 [1&4 16) 1 21 | 41 [106] 6 | 26 |( 87-102) (107-2) ( 7-22) (103-117, 106-120)( 88-102, 91-105)(3-17, 6-20)(108-2, 111- 5)(23-37, 26-40)( 8-22, 11-25) 24 
144 24 6 1&4 19 125 49 127 7 31 (104-122) nes 8-26)| (123-140, 127-144)(105-122, 109-126)(3-20, 7-24)(129-2, 133- 6)(27-44, 31-48)( 9-26, 13-30) 30 
168 | 28 7 114 22 1 | 29 | 57 |148 8 | 36 (121-142) (149-2) (9-30) (143-163, 1 6 127-147)(3-23, 8-28)(150-2, 155- 7)(31-51, 3809010 20 15-35) 36 
192 32] 8 [1&4 25 1 3365 169 9 | 41 (138-162) (170-2) (10-34) (183.200 169192) (139162, 145168) (3-26. e 177. ie 41- aes 17-40) 42 
216 | 36 9 |i & 28] 137 73 [190 | 10] 46 (72.202 (191-2) (1138) (183-209 112091175 202 168.1800320 10-360 (192-2. 199- 9) (39-65. 46-72) (12-38. 19-45) 48 
240 | 40 10 |1 & 31] 1 | 41 81 |211 | 11 | 51 (172-202) (212-2) (1242) (203-232, 211-240) (173-202. 181-210) (3-32, 1140) (2132, 221-10) (43-72, 51-80) (13-42, 21-50) 54 
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These Rules for Laying Out Wave Windings 
Were Derived in the First Two Articles of this Series 


Rule 1—The number of coils ina 
series is equal to one-half the num- 
ber of poles in the winding. 

Rule 2—The number of series of 
coils equals the number of slots per 
pole per phase, which is equal to 
the number of slots divided by the 
number of poles and this result 
divided by the number of phases. 

Rule 3—The number of sections 
equals twice the number of phases; 
that is, each phase will have two 
sections. 

Rule 4—The number of coil 
groups is equal to the number of 
poles multiplied by the number of 
phases. 

Rule 5—Between the starting and 
finishing leads of each section there 
will occur a number of short 
pitches equal to one less than the 
number of slots per pole per phase. 

Rule 6—The reversing jumper 
lead (that is, Ri, R., R., R., R 
and the finishing lead of the 
(that is, 4:, B., C:) are on the left 
of their respective phase starting 
lead (that is, A1, Bi, Ci), for a left- 
hand winding and on the right for 
a right-hand winding. 

Rule 7—The first reversing 
jumper of a phase (that is, R, for 
A phase, Rs for B phase, or R, for 
C phase) will be located in a slot 
that is a number of slots from the 
phase starting slot (A1, Bi, or Ci, as 
the case may be) equal to the front 
piteh plus one less than the num- 

er of coils per group, measured in 
a counter-clockwise direction for a 
left-hand winding and measured in 
a clockwise direction for a right- 
hand winding. Also, if the start- 
ing lead (4., B., or Ci) goes to a 
top conductor, then the reversing 
jumper lead is connected to a bot- 
tom conductor. 

Rule 8—The second reversing 
jumper lead for a given phase (R,, 
R., or R.) is connected to a bottom 
coil half or conductor when the 
first reversing jumper is connected 
to a bottom conductor and vice 


conduetors together as fast as they 
are located. 

(7) Locate, by means of a test 
light, the other coil half or conduc- 
tor of the coil to which the A-phase 
line lead is connected. Also, locate 
the top conductor that is two back 
pitches measured in the same direc- 
tion the slots are numbered, from the 
conductor to which the A-phase line 
lead connects. This will locate the 
second coil of the first series. These 
two conductors should be clipped to- 
gether. Using this as a starting 
point, clip the unconnected adjacent 
top and bottom conductors together 
all around the winding. 

As an example of how the tables 
are to be used, let us lay out a left- 
hand, two-layer, winding for a four- 
pole, two-phase motor, having 
twenty-four coils and twenty-four 


versa, and is spaced one front pitch 
measured in a counter-clockwise 
direction from the first reversing 
jumper for a left-hand winding and 
measured in a clockwise direction 
for a right-hand winding. 

Rule 9— The finishing lead of a 
phase (A;:, B., or C.), will connect 
to a conductor located in a slot that 
is one front pitch from the starting 
lead of that phase and is measured 
in a counter-clockwise direction for 
a left-hand winding and in a clock- 
wise direction for a right-hand 
winding. 

Rule 10—If the starting lead of 
a phase connects to a top con- 
ductor or coil half, then the finish- 
ing lead of that phase will connect 
to a top conductor, or vice versa, 

Rule 11—In a left-hand winding 
having more than one coil per cell 
and in which the line leads are to 
be connected to top conductors, the 
line leads must connect to the top 
conductors on the right-hand side 
of the slot, while the reversing 
jumpers connect to bottom con- 
ductors on the left-hand side of the 
slot. When the line leads connect 
to bottom conductors, the bottom 
conductors on the left-hand side of 
the slot must be used and the re- 
versing jumpers will connect to 
top conductors on the right-hand 
side of the slot. The opposite holds 
true for a right-hand winding; that 
is, with line leads connecting to 
top conductors, use left-hand top 
conductors, and the reversing 
jumpers will connect to right-hand 
bottom conductors. Also, if the 
line leads connect to bottom con- 
ductors, use right-hand bottom 
conductors for line leads and con- 
nect the reversing jumpers to left- 
hand top conductors. 

Rule 12—When there is more 
than one coil per cell, we pass 
completely around the winding as 
many times as there are conduct- 
ors or coil sides per cell before we 
use the short front pitch. 


slots. The first thing to do is to lo- 
cate the slot that is on the center 
line of the terminal block. In Fig. 1 
on page 555 assume that this is 
the slot marked X. 

This is the slot for the B. lead. 
In Table I on the second line, which 
is for a twenty-four-coil winding, we 
find that the B: lead falls in slot 16; 
hence we are able to number the slots 
in the manner shown in the diagram. 
Since the winding is to be left hand, 
the slots should be numbered in a 
clockwise direction. The winder 
should face the connection side of 
the stator when marking the num- 
bers on the slots. 

The coils should now be put in the 
stator in the proper group forma- 
tion. According to the table, there 
are three coils per group; hence the 
first and third or last coil of each 
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group should have phase insulation. 

The conductors to which the line 
leads connect, should be located next. 
According to the table, they are all 
top conductors and are located in the 
following slots: Ai in slot 1, Bi in 
slot 16, A: in slot 19 and B: in slot 
10. This is shown in detail in Fig. 1 
on page 555. 

The reversing Jumpers should now 
be located and tied together tem- 
porarily. According to Table I, one 
reversing jumper should connect the 
bottom conductors in slots 11 and 17 
together (Ri to R. in Fig. 1) and the 
other reversing jumper should con- 
nect the bottom conductors in slots 
2 and 8 (R: to R. in Fig. 1). 

The short- pitch connections should 
be located next. According to the 
table, the first short-pitch connection 
occurs between the bottom conduc- 
tor in slot 18 and the top conductor 
in slot 28; the second short-pitch 
connection occurs between the bot- 
tom conductor in slot 19 and the top 
conductor in slot 24, and so on 
through the remaining six short- 
pitch connections. The short-pitch 
connections are indicated in Fig. 1 
by the asterisks. These conductors 
should be connected together as fast 
as they are located. 

By means of a test light, locate 
the second conductor of the coil to 
which the A-phase, line lead con- 
nects. The A-phase, line lead con- 
nects to the top conductor in slot 1. 
By the test light, we find that the 
other coil side or conductor of this 
coil (coil a1) is the bottom conduc- 
tor in slot 7. This conductor is to be 
connected to the top conductor two 
full back pitches from slot 1 mea- 
sured in the same direction in which 
the slots are numbered. This sec- 
ond conductor will fall in slot 73. 
Using this as a starting point, clip 
together in a similar manner the re- 
maining, unconnected adjacent top 
and bottom conductors. 

After the rules for wave windings 
are understood, it is a simple mat- 
ter to arrange a winding table 
for any number of coils, phases, and 
poles. In constructing such a wind- 
ing table, there are several things 
about the winding that must be 
known at the start. They are: the 
number of phases; the number of 
poles; the number of slots; the num- 
ber of coils; whether the winding is 
to be right hand or left hand: and 
whether the leads are to connect to 
top or bottom conductors in the slots. 
As an example, let us calculate the 
winding data for a two-phase, four- 


November, 1924 537 


INDUSTRIAL ENGINEER 


Table [X—Ten-Pole, Three-Phase Windings 


See heading of Table VI for instructions on using table. 
85 
8 8 
ba 8 Top REVERSING Ssort-Pitcae CONNECTIONS No. 
8 JUMPERS Connect Bottom to Top S. J. 
S A1|Bi|Ci] Bottom to Bottom CLIPS 
30 5114 4 1 28 | 2| 6 |( 25- 28) ( 29-2) ( 6)} None 0 
60 10 214 7| 1 55 311 (48. 54) ( 56-2) ( 4-10) (55-60) (49-54) (3-8) (57-2) (11-16) (5-10) 6 
90 | 15 3 1 & 100 1 82 4 | 16 |( 71- 80) ( 83-2) ( 5-14) 81- 89, 82- 80 72- 80, 73- 81) (3-11. Party 84-2, 85-3)(15-23, 16-24)( 6-14, 7-15) 12 
120 | 20 4/1 & 13) 1 109 5 21 94-106) (110-2) ( 6-18)| (107-118, 109-120)( 95-106, 97-108)(3-14, 5-16)(111-2, 113-4)(19-30, 21-32)( 7-18, 9-20) 18 
150 | 25 § |1 & 16) 1 136 6 | 26 (117-132) (137-2) ( 7-22) 158 ie 136-150)(118-132. 121-135)(3-17, 6-20)(138-2, 141-5)(23-37, 26-40)( 8-22, 11-25) 24 
180 | 30 6 1 & 19 1 163 7 | 31 (140-158) (164-2) ( 8-26) 159-176, 163-180)(141-158, 145-162)(3-20, 7-24)(165-2, 169-6)(27-44, 31-48)( 9-26, 13-30) 30 
210 | 35 7 1 & 22) 1 190 8 | 36 5 0 2182 9-30) 2 100-210) 57210 169-189) (2-23, 8-28) (192-2. 197-7) (3151. 36-56) (1030, 15-35) 36 
240 | 40; 8 1&4 25 1 217 9 | 41 (186-210) (218-2) (10-34); (211-234, 217-240) (187-210, 193-216) (326. 9-32) (219-2, 225-8) (35-58, 41-64) (11-34, 17-40) 42 


Table X- Twelve- Pole, Three Phase Windings 


See heading of Table VI for instructions on using table. 


2 
83 k Sasi m LEADS STAR 
cols 5 28 2 Top Top REVERSING Suort-Pitcu CONNECTIONS No. 
ZO 1S a5] A UMPERS Connect Bottom to Top 8. J. 
sals A|B|C]|A|Bı|Cı| Bottom to Bottom Cure 
36 6114 4 1) 5| 9] 34] 2] 6 (31. 34) ( 35-2) ( 3 6) None 0 
72 12 214 7 1 17 | 67 | 3 | 11 |( 60- 66) ( 68-2) (410) (67-72) (61-66) (3-8) (69-2) (11-16) (5-10) 6 
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pole, stator having thirty-two slots 
and coils and having the line leads 
connected to top conductors in the 
slots. The winding is to be left 
hand. The data and calculation will 
be tabulated as follows: 


(1) Number of slots—32. 

(2) Number of phases—2. 

(3) Number of poles—4. 

(4) Number of coils—32. 

(5) Number of sections, according 
to Rule 3 (given in the box on page 
536) is equal to 2 x 2= 4. 

(6) Number of coil groups accord- 
ing to Rule 4, equals 2 X 4= 8. 

(7) Number of coils per section 
equals total number of coils divided by 
the total number of sections, or 
32 4 = 8. This checks with the value 
given in the third line and second col- 
umn of Table I. 

(8) Number of coils per group 
equals total number of coils divided by 
the number of coil groups, or 32--8=4. 
This gives the value given in the third 
line and third column of Table I. 

(9) According to Rule 5, there will 
occur in each section a number of 
short-pitch connections equal to one 
less than the number of slots per pole 

er phase; that is, there will be a num- 
er of short-pitch connections equal to 
[(82— 4) + 2]-1=8. 

(10) The total winding pitch equals 
total number of slots divided by half 
the number of poles, or 32 = 2 = 16; 
that is the total winding pitch will be 
l-and-17. 

(11) The back pitch is equal to one 
half of the winding pitch, or 16 — 2 = 8, 
which is a back pitch of 1-and-9. 

(12) The front pitch is equal to the 
total winding pitch minus the back 
pitch, or 16 8 28, which is a front 
pitch of 1-and-9. Items 11 and 12 
check the value given in the third line 
and fourth column of Table I. 

(13) The pick-up pitch is used in 
locating the conductor which is the end 


of the first section of a phase; that is, 
it is the conductor from which the re- 
versing jumper starts. According to 
Rule 7, this conductor is located in a 
slot that is a number of slots from the 
phase-starting slot equal to the front 
pitch plus one less than the number of 
coils per group. Consequently, the 
pick-up pitch equals 8+4-1=11; 
that is, a pick-up pitch of l-and-12. 

(14) The short pitch is equal to one 
slot less than the front pitch; that is, 
it is equal to 8—1=7, or a pitch of 
l-and-8. 

(15) As we have said before in this 
article the A, lead will connect to a 
conductor in slot 1. It could go into any 
other slot, but for simplicity in laying 
out the winding, we will locate it in 
slot 1. We have decided at the start 
of this calculation that the winding is 
to be left-hand and that the leads are 
to go to top conductors; therefore, the 
A, lead will connect to the top con- 
ductor in slot 1. This is the slot num- 
ber given in the third line and fifth col- 
umn of Table I. 

(16) The A, lead will connect to a 
top conductor that is in a slot one back 
pitch measured in a counter-clockwise 
direction from the 4, slot. Since the A, 
lead connects to a conductor in slot 1 
and since there are thirty-two slots in 
this stator, slot 1 is the equivalent of 
slot 33 and, therefore, the 4, lead will 
be found as follows: 33-8—25. The 4. 
lead will connect to the top conductor 
in slot 25, which is the slot number 
given in the third line, seventh column 
of Table I. This is in accordance with 
Rule 9, 

(17) The conductor to which the B, 
lead connects will be a number of slots 
measured in a clockwise direction from 
the A, slot (slot 1) equal to two times 
the front pitch plus the number of coils 
per group. Therefore, the conductor 
to which the B, lead connects will fall 
inl + (2 X 8) + 4 = 21, or slot 21. This 
checks the slot number given in the 
third line, sixth column of Table I. 


(18) According to Rule 9, the con- 
ductor to which the B, lead connects 
will fall in a slot that is one front pitch 
measured in a counter-clockwise direc- 
tion from the B, slot; that is, 21-8=13. 
Therefore, the conductor to which the 
B, lead will connect falls in slot 13. 
According to Rule 10 it will connect to 
a top conductor in that slot. This checks 
the slot number given in the third line, 
eighth column of Table I. 

(19) As said before in this article 
and in accordance with Rule 7, the R. 
lead will fall in a slot that is one pick- 
up pitch measured in a counter-clock- 
wise direction from the 4, slot; that is, 
slot 7, or, what is equivalent to it, slot 
33, The pick-up pitch is 11; then 
33 —11 = 22; consequently, the R, lead 
will connect to a bottom conductor in 
slot 22, y 

(20) According to Rule 8, the second 
reversing-jumper lead for a given phase 
in a left-hand winding will fall one 
front pitch measured in a counter- 
clockwise direction from the first re- 
versing-jumper lead, or 22-8 = 14. 
Therefore, the R, lead will connect to a 
conductor that is located in the bottom 
of slot 14. 

(21) In a manner similar to that 
used in item 19, we find that the R. 
lead will connect to a bottom conductor 
in slot 10, for the B, lead falls in slot 
21 and the pick-up pitch is equal to 
11, and 21 11 = 10. 

(22) In a manner similar to that 
used in item 20, we find that R, falls in 
the bottom of slot 2, for the R, con- 
ductor falls in slot 10 and the front 
pitch is equal to 8; then 10-8= 2. 
The slot numbers given in items 
19, 20, 21 and 22 check the data given 
in the third line, ninth column of 
Table I. 


If we examine Fig. 1 we will no- 
tice that there are two short-pitch 
connections that start from slots that 
are located (Continued on page 554) 
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NE of the most diff- 

cult problems inci- 
dental to persuading indus- 
trial men to change the 
method of performing any 
operation lies in convincing 
them that the new way is the better way. This is par- 
ticularly true in material handling. Here traditional 
practices of carrying materials on two-wheeled hand 
trucks or by methods unsuited, in the light of modern 
developments, to the conditions of load and distance, 
are still altogether too common. 

This work has been performed largely by common 
labor. In the United States it has always been easy to 
hire this labor whenever needed and to fire it when 
conditions were such that it was no longer required. 
Many industrial men have come to believe that this is 
the cheapest and best way of handling the situation. 

Due to the present order of things, particularly the 
tightening up of immigration, this privilege of hiring 
and firing is past. Many concerns continue to attempt 
this method and when they learn that they cannot se- 
cure proper labor they still hesitate about substituting 
mechanical methods of handling material because of the 
apparently high first cost. This cost, in spite of their 
opinion, is today not sufficiently high to give the desired 
return in proportion to the risk and engineering neces- 
sary to carry on the development of new types of equip- 
ment to meet the demands of economical handling, and 
also to cover the expense of missionary work in per- 
suading the prospective user of its advantages. 

Probably the prime reason for all this is that truck- 
ing has usually been considered as a non-productive 
operation. These costs have crept into the general over- 
head and no real record has ever been maintained, so 
that the employer of labor has had no real knowledge of 
the actual expense attached to the handling of material 
in process. Naturally, therefore, in making a capital 
expenditure, such as he is called upon to authorize in 
the purchase of equipment, this operation is next put 
on the productive schedule, and even though the saving 
be great, it is very difficult to learn exactly what it is, 
due to lack of proper cost keeping for the hand opera- 
tion. Thus he has no actual figures for comparison. 
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Those industrial men who are faced with the problem 
of revamping their material-handling methods will find 
it to their advantage to first make a careful analysis 
of what is done and how much it costs. This will pro- 
vide the basis for a study of new methods and equip- 
ment available and a check on their performance. 


——— i 


“OR what follows we 
would like to have the 
ear of employers. We re- 
cently had our attention 
called to an advertisement 
eulogizing an employee who 
had died after twenty years of faithful service. This 
was a nice touch of sentiment for an association of two 
decades, but the unfortunate fact about it is that it 
came too late. The heirs and assigns probably read 
that advertisement with much satisfaction, but the 
man who was moved, by an unquestionably high motive, 
to spend the company’s money in this way forgot that 
his associate could not read his tombstone when he’s 
dead. 

A tangible token of appreciation for faithful serv- 
ice during a man’s lifetime would cost no more than a 
newspaper advertisement and there can not be the 
least doubt that such recognition to a living worker is 
worth more to all concerned than a newspaper full of 
eulogizing advertisements dedicated to dead ones. 

Some organizations have adopted a service emblem 
that is a mark of special recognition worn by men who 
for definite and known reasons merit it. It is not a 
substitute for more money, but a supplement to it in 
the form of a reward—not a wage. The difference is 
considerable. The wage is in payment for services 
rendered, while the emblem award is a recognition for 
something more than hours of service; it covers loyalty, 
faithfulness and devotion to duty—things that cannot 
be purchased with legal tender. 

The service emblem and all it stands for is within 
the reach of all employees and it’s simply a pity that 
more executives do not set it up as a thing worth while 
working for, since it costs nothing but may mean much 
to those who merit it. 


He Cannot Read 
His Tombstone 


When He’s Dead 
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N A paper presented be- 

fore the annual conven- 
tion of the Association of 
Iron and Steel Electrical 
Engineers, J. F. Kelly 
gives the following relation 
between production and maintenance in the iron and 
steel industry : 


The steel industry today is as strong or as weak as its 
maintenance departments and, argue as you will, its success 
or failure in any plant is largely due to the manner in which 
its maintenance departments are organized and equipped. 
What matters it if your plant can boast of the most mod- 
ern installations unless you have provided the necessary 
tools for its upkeep? In a very short time your plant will 
be subject to annoying costly delays, which interfere with 
your production schedules, and consequently you are not 
making profits—but producing at a loss. 

You say these are self-evident facts, but in making 
up budgets for your board of directors, how often is it the 
case when the estimates are pruned, that the maintenance 
departments receive the least consideration, and sometimes 
no consideration at all? There have been instances in the 
history of the steel industry where fabulous sums were ex- 
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pended for buildings, mill equipment, power houses; and 
yet practically no money set aside, worth mentioning, for 
maintenance departments, with the result that these mod- 
ern plants were continually being delayed, first by minor 
breakdowns—then major ones; production was seriously 
handicapped, all due to the fact that no provisions had 
been made for maintenance. Here are glaring examples of 
too much mill—too little shop. | | 

Maintenance, the steel industry will always have with 
it, and this fact must be fully recognized by the manage- 
ments, if they desire their production schedules maintained. 
Maintenance departments are responsible for the continu- 
ity of operation, for the development of apparatus which 
will produce the large tonnages desired, yet too often is this 
most salient fact overlooked. 

Accepting this as a basis for argument, why is it that 
so little effort and so little importance are attached to see- 
ing that these departments are equipped with all of the 
modern improvements, calculated to preserve the continu- 
ity of operation? 

On every hand we hear, first, “Increase your produc- 
tion”; second, “Lower your costs”; third, “Reduce your 
stores supply.” The answer to this it would seem is: 


Organize your maintenance departments and equip 
them with the same careful analysis you devote to your pro- 
duction problems; if your mills are always prepared to oper- 
ate, it naturally follows your production will not suffer. 


What holds true in the steel mills holds true for all 
industry. Organize your maintenance department, not 
with the thought that it is so much overhead which must 
be kept at a low figure, but with the idea that it is a 
producing department, producing continuous operation, 
economical performance, and development of ideas or 
apparatus for larger production. 


— — 


VERY now and then a 

new, although suppos- 
edly experienced, man will 
make a mistake or an er- 
ror in judgment that is dif- 
ficult to understand. He 
has claimed to be experienced along certain lines and 
has proved it by references from former employers, or 
otherwise. In the face of all this something goes wrong 
and the cause is eventually traced back to the recently 
employed man. 

Perhaps he is inexcusably at fault, but before this 
decision is reached and action taken, oftentimes a sum- 
mary dismissal, it is advisable for the foreman or some- 
one higher in authority to see if the newcomer was 
given a fair chance. The fact that a man is experienced 
does not always mean all that it seems to imply. Meth- 
ods, policies and conditions vary considerably in differ- 
ent plants, so that when a workman goes from one plant 
to another he may have a good deal to learn, even though 
he is engaged in the same general line of work. Na- 
turally he wants to make the best possible impression 
and sometimes rather than admit that he does not fully 
understand what is to be done, or how to do it, he uses 
his own judgment—which may or may not be good. 
In the latter event the results are disappointing all 
around. 

Foremanship involves a good deal more than merely 
assigning jobs to the workmen. Almost anyone can do 
that. The real foreman will always make sure that a 
workman, particularly a new one, not only understands 
what is wanted and how it should be done, but is cap- 
able of doing it. It is unfair to everyone concerned, 
and poor policy in general, to turn a new man loose on 
his job without definite assurance that he understands 
the work fully and is in every way qualified to do it in 
the proper manner, without instruction. 
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AFETY from the point 

of view of the executive 
was so ably presented by 
B. F. Affleck, President of 
Universal Portland Cement 
Company of Chicago in an 
address at the thirteenth annual Safety Congress re- 
cently held at Louisville, Ky., that we want to quote 
verbatim a few things he said as follows: 1 

Notwithstanding the great improvement which has 
been made since the beginning of the safety movement, 
there is still a great deal of room for improvement in 
guards and various devices to keep employees away from 
danger. But as I see it the, particular place where there is 
most room for improvement is in the training and educa- 
tion of the employee.*** 

Prevention of accidents is, I need scarcely tell you, a 
large and difficult proposition. It is one on which much 
more information and advice can be obtained from the 
novice than from the expert. In other words, the difficulties 
are less apparent to the outsider than to the man who is 
called upon to remove them. Executive officers have a great 
responsibility with respect to accident prevention. They 
are responsible for providing the means for education in 
safety, to teach restraint and consideration for the safety 
of others, and they must realize that they cannot shift the 
burden of final responsibility.*** 

In carrying on accident prevention activities there 
should, of course, be a comprehensive safety organization 
consisting of officials, foremen and workmen, because if 
safety work is to be a success it must be everybody’s job to 
prevent accidents. 

Mr. Affleck put his finger on a vital point, we be- 
lieve, when he said, “It must be everybody’s job to pre- 
vent accidents.” So much attention is so often paid to 
speeding up production and cutting down its costs that 
the part played in this work by lost-time accidents is 
not always given due consideration. Entirely aside 
from the loss that can be expressed in dollars, resulting 
from frequent lost-time accidents, there is an even 
greater loss that is hard to make up in changes in the 
production organization through fatal injuries to 
trained men and the fear that quickly grows up in an 
operating force that certain departments are danger- 
ous and undesirable places in which to work. 

To illustrate the importance of these viewpoints, 
Mr. Affleck quoted from letters by Judge Gary, Presi- 
dent of the U. S. Steel Corporation, to presidents of 
subsidiary companies, in which he said that there would 
be no hesitation in making the necessary appropriations 
of money to carry into effect every suggestion that 
seemed to be practicable for the improvement of con- 
ditions in their mills. In this connection he pointed out 
that much can be done by designing new construction 
and machinery with all practical safeguards. ‘‘Noth- 
ing,” said Judge Gary, “which will add to the protection 
of workmen should be neglected, for the safety and 
welfare of our workmen is of the greatest concern.” 
As a practical illustration that he meant what he 
said, a total of $126,885,911 was spent for safety and 
welfare work from January 1, 1912 to January 1, 1923 
through the suggestions and co-operation of 84,491 men 
who have served on safety committees. At the present 
time 10,331 men in the Steel Corporation are serving 
on safety committees and from January 1, 1912, have 
brought about a reduction of better than 70 per cent 
in all disabling accidents. 

This saving in man-power and improvement in 
conditions under which they work is truly of great 
concern to American industries and it’s the job of every 
one engaged therein to do a part, from workman to 
chief executive. 
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| Questions Asked — 
9 and Answered 
by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fi when, he da a 


question that you can Gee G 


answer from your ex- 


Who Can Answer 
These? 


Lining Up Sprockets for Chain Drives— 
Can some reader tell me the best and 
simplest method of lining up sprockets, 
or shafts, for chain drives? We fre- 
quently change machines around and 
install new drives or replace old ones, 
and I should like to be sure that we 
are lining these up properly. 

Decatur, III. J. L. B. 


Motor- Generator Set for Testing Small 
e and Three- Phase Motors 
— Will some reader please tell me 
what capacity motor- generator set 
(d.c. motor— a. c. generator), method of 
drive and style of generator I could 
use for testing single-phase and three- 
phase, 60-cycle, 220-volt motors up to 
1 hp. rating? Is it possible to change 
over from 25 cycles to 60 cycles, from 
110 to 220 volts and from single phase 
to three phase, or the reverse, just by 
means of throwover switches? What 
changes would have to be made in the 
motor and generator in order to secure 
25-cycle current? What capacity would 
be obtained from a 60-cycle set deliv- 
ering 26-cycle current? 

Chicago, III. E. J. 


Commutator Trouble with Interpole Mo- 
tor—I have a 15-kw., six- pole, com- 
pound-wound, interpole exciter, for a 
synchronous motor, that has three 
black and somewhat flat spots at equal 
intervals around the commutator. This 
machine has a lap winding and the 
mica is not undercut. There is always 
some sparking at the brushes. If I 
shift the brushes, the black spots move 
in the direction the brushes are 
shifted. I lifted the leads from their 
risers at each spot and tested for open 
circuits with a test lamp, but every- 
thing seemed to be O. K. Will some 
reader please suggest a cause and the 
remedy for this trouble? 

St. Croix Falls, Wis. K. A. 


Operating 285-Cycle Transformers on a 
@0-Cycle Circuit—We are operating a 
2,300-volt, sixty-cycle, three-phase 
system and in a short time will be 
called upon to furnish some additional 
lighting and power service. Our pres- 
ent transformers are not sufficiently 
large to handle this additional load 
and we do not wish to purchase new 
ones as the load will be on for only a 
few days. We can rent 2,300-volt, 
twenty-five-cycle transformers and 
should like to know if these will work 
satisfactorily on the sixty-cycle cur- 
rent. Will the secondary voltage be 
the same as on twenty-five cycles? If 
not how much will it be below normal? 
Carthage, Mo. A. P. K. 


Why Can Not This Motor Be Speeded 
Upt—We have a Westinghouse, type 
SK, 7%-hp., 1,150-r.p.m., 110-volt mo- 
tor that is giving us trouble. The 
nameplate says “Shunt Wound, Contin- 
uous Speed,” but it has a series fleld 
shunt field and interpoles. For several 
years this motor ran satisfactorily, 


until a brush was replaced. The new 
brush was identical with the old one. 
The motor picks up regularly and 
carries the load, but as soon as the 
field is weakened to increase the speed 
the load fluctuates badly; the more the 
field is weakened the more the load 
swings until there is a sharp flash at 
the brushes or a fuse blows. All kinds 
of connections have been tried, without 
results. The speed of the motor when 
running the machine is from 1,150 to 
1,500 r. p. m. When the trouble started 
the machine was running at 1,800 
r.p.m. The same trouble occurs with 
all of the different motors of the same 
type that we have tried on this ma- 
chine, although it can be driven satis- 
factorily by a straight shunt motor of 
less horsepower rating. Can some reader 
tell me the cause of this trouble? 
Norwood, Mass. E. 
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Starting Trouble with Motor-Generator 
Set—In starting a synchronous motor- 
generator set the motor fleld is first 
short-circuited by the double-pole, 
double - throw, quick -break switch, 
which is provided with a short-circuit- 
ing resistance contact that closes just 
before the switch is opened from one 
direction and opens just before the 
switch is closed in the other position. 
The motor is started and comes up to 
speed on 2,000 volts; the field switch is 
then thrown to obtain excitation from 
the 250-volt bus. The running voltage 
of 6,600 volts is then applied. When 
the field switch is thrown from start- 
ing to running positions there is a bad 
fiash between the hinge clips and the 
short-circuiting resistance jaw. What is 
the cause of this fiash and how may it 
be avoided? 

Pittsburgh, D. W. B. 


Answers Received 
To Questions Asked 


Trouble Caused by Plugging Elevator 
Motor—Will some reader of INDUSTRIAL 
ENGINEER pleasg give me some help on 
the following problems? (1) We 
have a 10-hp., 550-volt, three-phase 
elevator motor which is controlled by 
a Cutler-Hammer reversing switch. 
We are experiencing a good deal of 
trouble from blowing of fuses due to 
reversing the motor before the ele- 
vator comes to a full stop. This ele- 
vator has no regular operator and is 
used for freight service only. Has 
anyone had similar trouble and what 
is the best method of overcoming it? 
(2) Ig it possible to wind a mag- 
net that will lift from 10 to 25 lb. and 
can be operated on a 110-volt, sixty- 
cycle circuit? If so, please give me the 
vonne data for 110 volts and also 550 
volts. i 
Millbury, Mass. L. A. T. 


Referring to the question by L. A. T. 
in the October issue, I would say that 
the trouble is probably the result of 
poor adjustment of the brake on the 
elevator machine. It would be advis- 
able, at any rate, to inspect the brake 


mechanism on this machine and see 
that it stops the machine promptly and 
without too much sliding. Without 
more detailed data as to the scheme of 
connections it is hardly possible to ad- 
vise L.A.T. much more on this point. 
In reference to his second question, I 
would say that it is quite possible, and 
not at all difficult to wind a magnet 
for operation on 110 volts a.c., to lift 
10 to 25 lbs. But before determining 
the winding data, it is necessary to 
know the dimensions of the magnetic 
circuit and the space available for the 
winding. 
Honesdale, Pa. J. M. WALsH. 
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Referring to L. A. T.’s questions in 
the October issue of INDUSTRIAL ENGI- 
NEER it appears that a drum-type, rope- 
operated, reverse switch is being used 
with apparently no main switch. There 
are several types of reverse switches 
manufactured, and from what is said it 
would appear that there is no main 
switch to break the circuit at the time 
the drum is moved in the neutral or 
central position. It is very possible 
that the centering device has shifted on 
the drum shaft so that when stopping 
it breaks the circuit in one direction and 
moves through the neutral into the re- 
verse, plugging the motor; then fur- 
ther action on the drum returns it to 
the off or neutral position. I suggest 
checking up the travel of the rope-op- 
erated sheave wheel and centering de- 
vice with respect to its position in the 
drum. If a main switch were connected 
the opening of the circuit in the drum 
would drop out the main contactor and 
prevent an inrush of current in case 
the centering device throws the seg- 
ments of the drum to the extreme re- 
verse position. It might also be that 
the motor is not properly fused, and I 
suggest that this be checked to see if 
30 amp. fuses are being used. It is also 
suggested that the solenoid or motor- 
operated brake be checked to see that 
it is functioning properly at the time 
of stopping. 

I trust that the above information 
will be of some help to L. A. T., and 
if he desires further detailed informa- 
tion suggest that he write directly to 
the Cutler-Hammer Mfg. Company 
giving the serial number of the control 
equipment and explaining the difficulty 
he is having. 
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If the second question refers to a 
lifting magnet, the answer is No; but if 
the question pertains to a solenoid 
magnet used to lift a given amount at- 
tached to a lever or valve, the coil can 
be wound for both 550 volts and 110 
volts, alternating current. No mention 
is made as to whether it is to be used 
for continuous or intermittent duty, and 
since the coil data depends upon the de- 
sign of the frame, it is difficult and 
would be practically useless to give 
any coil-winding data. To make up an 
a. c. solenoid magnet, laminations are 
required which are riveted together un- 
der hydraulic pressure and fitted to a 
steel frame. Such work rquires appa- 
ratus usually not available in the av- 
erage shop, and we believe that such 
magnets can be purchased at a fair 
price and much cheaper than they could 
be made. 

I shall be glad to give L. A. T. any 
information that I can, regarding the 
types and sizes of magnets now on the 
market, if he will write to me or to the 
Editors of INDUSTRIAL ENGINEER, 

E. H. LAABS. 


Engineer, Printing Equipment Dept., 
The Cutler-Hammer Mfg. Co., 
Milwaukee, Wis. 
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Why Do These Commutators Turn Black? 
—I am experiencing a great deal of 
trouble from blackening of the com- 


mutators on two belt-driven, 


3 4 ML, compound-wound, 125-volt, 
950-r.p.m., 13 kw., d.c. generators 
which are used as exciters. After 


smoothing with sand paper, it is only 
a matter of a few hours until the 
commutators are in the same condi- 
tion again. I have tried turning the 
commutators in a lathe and undercut- 
ting the mica, polishing, sanding, us- 
ing Ideal commutator stone and tight- 
ening the commutator. Also, I have 
used four different grades of brushes 
and am now using Speer E-25 brushes. 
There is no sparking at all under 
varying loads. The settin of the 
brush holders was changed from lead- 
ing to trailing and I found that they 
worked best leading. I have tried the 
brushes at different angles and found 
that the best results were obtained 
when they were set at about 80 deg. 


We wipe off the commutators once 


each day with a dry piece of canvas. 

I have checked the brushes for the 

neutral position. The tension on the 

brushes is 1% lb. per sq. in. The tem- 
perature seems normal except when 
the commutators get very black as 
trey will do if they go about a week 
without sanding. These exciters are 
only two years old and have been in 

actual service about one year each. I 

have had this trouble from the start. 

I shall appreciate it very much if 
some reader of INDUSTRIAL ENGINEER 
can tell me what the trouble is and 
how I may cure it. 

Woodward, Okla. H. J. A. 

In reply to the question by H. J. A., 
in the August issue of INDUSTRIAL ENGI- 
NEER, from the information given it is 
quite evident that the trouble cannot 
be diagnosed very easily. Not being as 
familiar with this trouble as the people 
in the immediate vicinity I would not 
attempt to say what the trouble is ex- 
cept that it is probably inherent in the 
design or some difficulty either in the 
casting or a variation in the materials 
used in the generators, making these 
machines somewhat different from the 
average run of the particular type of 
generator in question. This is not un- 
usual, as we frequently encounter such 
conditions. 

However, as to the cure, we have 
cured such cases in the past by the use 
of a high-contact resistance brush with 
an abrasive action. The high contact 


INDUSTRIAL ENGINEER 


resistance tends to reduce the blacken- 
ing by limiting the current more nearly 
to the load current, and cutting down 
the cross-bar currents. The abrasive- 
ness of the brush takes the place of the 
sand paper which is used once a week. 
I believe that this condition can be 
cured by the use of the proper brushes 
and I would be glad to co-operate with 
H. J. A. from this standpoint. 


Pure Carbon Co., 
Wellsville, N. Y. R. J. CoLEBERr. 
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Answering H. J. A.’s question in the 
August issue, in most cases blackening 
of commutators is caused by excessive 
sparking at the brushes, or by too much 
lubricant. Sparking does not seem to 
be the cause of the trouble in this case, 
however, for H. J. A. states that his 
machines do not spark at the brushes. 
I would suggest, however, that he test 
his armatures to find out if there are 
any defects in them. This can be done 
by means of a pair of wireless tele- 
phone receivers, two dry cells and a 
buzzer, connected as shown in the dia- 
gram. I have found that four pieces 
of No. 8 wire about 8 in. long, bent 


Method of testing commutators for 
open circuits and other defects by 
means of a buzzer and telephone 
receivers. 


over slightly on the end, insulated from 
each other with tape and then taped 
together so that each will touch a seg- 
ment in the middle, make convenient 
testing leads. When testing with this 
outfit start at a marked segment and 
test each segment around the commu- 
tator. If the coil or segment under test 
is normal, there will be a clear buzz in 
the receivers. In case there is a poor 
connection or open circuit there will 
be a buzz in the receivers about twice 
as loud as is obtained normally. With 
a short circuit there will be no sound. 

When testing for a ground, place one 
of the buzzer leads om the frame of 
the machine under test and connect the 
other lead to the commutator; also con- 
nect one of the telephone receiver leads 
to the machine frame and with the other 
lead touch each segment until one is 
found that gives no sound in the receiv- 
ers. The one that gives no sound is 
the grounded coil or segment. 

I would also advise checking the posi- 
tion of the brushes. This will require 
the use of a low-reading volt meter, 
say five or six volts. Take a dry, 
wooden block, cut it into the shape of 
a brush and through it drill two small 
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holes that will reach the center of 
two adjoining commutator bars. Place 
in these holes two pieces of lead out 
of a pencil, and to these pieces con- 
nect the voltmeter leads. Take out 
one of the regular brushes and put the 
wooden brush in its place. Then run 
the generator under light load but at 
full speed and rated voltage and shift 
the brushes backward and forward un- 
til the point is found where the volt- 
meter gives the minimum reading. 
This is the neutral point and the ma- 
chine should work well when the 
brushes are set on this point. 

I would also suggest that the com- 
mutator segments be counted and the 
brushes spaced so that they have the 
same number of segments between 
them. 

The use of commutator lubricant is 
bad policy after commutators have been 
undercut, as it causes carbon and dust 
to collect between the segments. Oil 
will sometimes come from the shaft 
and gather on the commutator and pro- 
duce similar troubles. Washing the 
commutator with benzine and letting it 
dry thoroughly is about the only rem- 
edy for this condition. 

As to grinding commutators, I do 
not consider this good practice to fol- 
low very frequently, as it is very diffi- 
cult to hold any form of grinding stone 
so as to cut the commutators true and 
they soon get out of round which, in 
turn, is another cause of commutator 
trouble. 


Galesburg, III. EARL BABER. 
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Referring to the commutation 
troubles reported by H. J. A., in the 
August issue, in connection with two 
ML compound-wound exciters rated at 
112 amp., 125 volts, 950 r.p.m., I would 
like to suggest that he try operating 
these at 125 volts instead of 95 volts 
as reported. It would also be advisable 
to check the speed and make sure that 
the exciters are not operating at more 
than 950 r.p.m. 

The design of these particular excit- 
ers is such that the best results will 
be obtained when they are operating at 
rated voltage and rated speed. If either 
the voltage is low or the speed is high, 
trouble may be experienced. 

C. M. FULK. 


Central Station Engineering Dep't., 
General Electric Co., 
Schenectady, N. Y. 
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Advantages of Star- and Delta-Connected 
Motor Windings—I wish someone would 
kindly give me some information on 
the following questions. Why are some 
three-phase motors star-connected, and 
some delta- connected? What are the 
advantages of a star-connected motor 
over one that is delta-connected? I 
shall appreciate it very much if some- 
one will explain this to me. 

Toledo, Ohio. F. H. 
Referring to the question by F. H. 
in the September issue of INDUSTRIAL 

ENGINEER, I believe there is no way to 

predict the form of the stator windings 

of an induction motor. Whether it is 
star or delta connected depends entirely 
on the designer who first lays out the 
machine. A motor of a certain horse- 

power, speed, and voltage requires a 

certain flux or magnetic density. This 

flux density can be obtained by varying 
the pole pitch, number of conductors, 
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and by using a star or delta connec- 
tion. Sometimes the best combination 
is obtained by a star connection, and 
sometimes by a delta connection. The 
number of slots in a certain size motor 
may give the best results by using a 
star connection and a certain number 
of coils. Another rating may lend it- 
self best to the delta connection. Of 
course, if a certain rating, say 20 hp. 
1,200 r.p.m., 60 cycles, 220 volts, by a 
certain manufacturer, is found to be 
delta connected it is pretty safe to pre- 
dict that all other motors of this rat- 
ing by this manufacturer are also delta 
connected. However, a duplicate rating 
by another manufacturer might be star 
connected, because another designer 
may have decided to use a different 
combination of slots, coils and winding. 
Schenectady, N. Y. Rocer F. EMERSON. 
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In reply to the question by F. H. in 
the September issue, if we take two 
motors, one star- and the other delta- 
connected, of the same size, same 
horsepower and wound for the same 
voltage, we will find that the efficiency 
will be the same; or we can take the 
motors and change the type of winding 
on them and still get the same results. 
Thus, it would appear that one winding 
is as good as the other. But on exami- 
nation we will find that the star wind- 
ing has fewer turns of a larger-size 
wire than the delta winding has; in 
other words the delta winding will have 
a greater number of turns of smaller- 
size wire. 

Now if we take a delta-connected mo- 
tor wound for 100 volts and reconnect 
it star, we will have a motor suitable 
for 173 volts, which means that the star 
connection will stand 1.73 times as 
much voltage as the delta connection. 
Then for high voltages the star con- 
nection is superior to the delta, inas- 
much as there are fewer turns of wire 
in the coils and less slot insulation is 
required. 


Muncie, Ind. GEORGE CROPPER. 
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In answer to F. H.’s question in the 
September issue, I would say that a 
motor has to be designed to operate 
either star or delta connected. That is, 
the connection cannot be changed hap- 
hazardly. 

The real advantage of a star connec- 
tion over a delta connection is found in 
high-voltage machines. In a motor the 
slots are small and it is difficult to in- 
sulate the coils from the stator. In 
any case the more copper there is in 
a slot, the better. Therefore, with a 
star connection, the voltage per coil is 
only 58 per cent of the line voltage. 
If a motor is rated at 2,300 volts the 
voltage per coil will be only 2,300 — 
1.73 = 1,330 volts, for which the coil 
will have to be insulated. In a delta 
connection the voltage per coil is the 
same as the line voltage and in this 
instance the coils have to be insulated 
for 2,300 volts. Therefore, the coils in 
a delta-connected motor have to be 
more thoroughly insulated than in a 
star-connected motor. 

Labor and insulation are expensive; 
so any reduction which can be made in 
either, represents a saving. 

Revere, Mass. PAUL FEENEY, 
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How Should This Machine Be Placed f 
It is common practice to place a pul- 
ley at right angles to a lineshaft 
which, of course, means that the belt 
has no twist in it. However, we have 
a 125-ton press and would like to place 
it in such a position that the pulley on 
this press will be 45 deg. from the line- 
shaft. I should like to know, (1) if 
this is an unusual way of running a 
belt, and (2) how should the machine 
be placed with the pulley in this posi- 
tion, so that the belt will not be con- 
tinually slipping off. 

Philadelphia, Pa. A. T. 8. 
Replying to A. T. S. in the August 
issue, (A) in the illustration shows the 
relative location of the shafts, pulleys 
and belt. Also, (SP) represents the 
lineshaft pulley and (MP) the machine 
pulley, the center lines of whose axes 
lie in different horizontal planes, but 
at an angle (x) instead of being 
parallel, as is usually the case. It is 
possible, and practicable, to install pul- 
leys for any value of (x) between zero 
and 180 deg., provided the shaft centers 
are sufficiently separated. 

For successful operation it is essen- 
tial that plane (MM') of the lineshaft 
pulley and plane (NN’) of the machine 
or driven pulley intersect so that points 
(b) and (c) will lie in both planes. 
Point (b) is the point of tangency be- 
tween the belt and the machine pulley 
where the belt leaves the pulley. Point 
(c) is the corresponding point of 
tangency on the lineshaft pulley. 


Relative location of shafts, pulleys 
and belt when the axes of the 
shafts lie in different horizontal 
planes and at an angle to each 
other. 
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It can be stated, in general, that the 
point on a pulley where a belt leaves 
it must be so located that the belt will 
be delivered to the center of the face 
of the receiving pulley. If this condi- 
tion is rigidly adhered to there will be 
no difficulty in installing pulleys at any 
angle, provided the centers are suffi- 
ciently spaced and the shafts do not 
lie in the same plane. From this it is 
evident that in a given installation the 
direction of rotation of the pulleys is 
not reversible. 

If the pulleys are both very nearly 
the same size the approximate location 
can be determined by dropping a plumb 
line from point (o) on the lineshaft pul- 
ley and placing the machine pulley 
tangent to the plumb line. In order to 
get the exact location it may be neces- 
sary to move the machine a little to 
compensate for the slight differences in 
position of points (o) and (e) and (o“) 
and (b) on the pulleys. 

For each angle (x) there are four 
possible positions in which the machine 
or driven pulley may be placed rela- 
tive to the lineshaft pulley. In two 
of these positions the machine pulley 
will be driven in one direction and be 
reversed in the other two positions. In 
the illustration (B), (C) and (D) show 
the three positions and direction of 
rotation not shown in (A). 

It should be noted that the point at 
which the belt leaves the pulley is a 
controlling feature in installations of 
this sort. If attention is paid to this no 


trouble should be encountered in the 
solution of the problem. 
Cuas. R. Suca. 


Wilmington, N. C. 
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How Does Change in Speed of Motor 
Affect Horsepower ?t—I shall n 
it it some reader of INDUSTRIAL ENGINEER 
can answer the following question: 
We have a 3-hp., 3,600-r.p.m. motor 
which we are changing to operate at 
1,800 r.p.m. I should like to know 
what the approximate horsepower of 
the motor will be after this change, if 
we use the same number of turns of 
the same size wire in the stator. 
Enid, Okla. C. E. S. 
In reply to the inquiry by C. E. S. in 

the August issue, he does not state 

whether this is a d.c. or an a.c. motor. 

Assuming that it is an a.c. machine, 

changing it from 3,600 to 1,800 r.p.m. 

using the same size of wire and the 

same number of turns in the stator as 
before, would not be very satisfactory. 

When changing the speed of motors re- 

‘member that the counter e.m.f. is 

higher at high speeds than at low 

speeds and the turns are, therefore, 
less for high speeds. 

In rewinding this motor for 1,800 
r.p.m. wind it for four poles, with twice 
the number of turns and half the size 
of the wire in the present winding. The 
horsepower will be approximately 1%. 
Los Angeles, Calif. H. A. NIELSEN. 
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In reply to C. E. S. in the August is- 
sue, the horsepower will decrease in di- 
rect proportion to the decrease in 
speed, assuming that you use the same 
size of wire. In your case the new 
horsepower will be 1,800 X 3 = 3,600 
= 1.5 hp., but if you change from two 
poles to four poles to get 1,800 r.p.m., 
you will have to change the connections 
of the motor. If it is now two-circuit 
star or delta, you will have to change it 
to single-circuit star or delta, as on 
half speed, 1,800 r.p.m., it will only pro- 
duce one-half of the counter-electro- 
motive force that it would on 3,600 
r.p.m. 

The chord factor must also be con- 
sidered. Say your motor has thirty- 
six slots; then full pitch would be 
36 — 2 = 18, or slots (1) and (19), and 
the chord factor would equal 1. Now 
on four poles, it would be 36+4=9 
or slots (1) and (10). The motor would 
then be over-pitch which has the same 
effect as under-pitch. The four-pole 
chord factor would be only .707 which 
would cause the motor to run hot. 
Therefore, it would be advisable to re- 
wind the motor with the proper chord 
factor and use twice the present num- 
ber of turns with half the wire size. 
Use the same chord factor, from full 
pitch, that the two-pole winding now 
has and connect the motor for the 
same number of circuits that it had 
before, assuming that you desire to 
use the same voltage as before. Of 
course, you can, if you have room in 
the slots, use larger wire and thereby 
increase your horsepower. If you use 
a little less insulation and single-cot- 
ton-covered wire, you should be able to 
get a larger wire in the slot. 

NICHOLAS J. WEISS. 

West New York, N. J. 
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In answer to C. E. S.’s question in the 
August issue, I am taking it for granted 
that this is a polyphase motor. Then, 
hp. = (torque X r.p.m.) — 5252. 

The motor as originally wound de- 
veloped 3 hp. at 3,600 r.p.m. It will, 
therefore, develop 1% hp., when recon- 
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nected for 1,800 r.p.m., because the 
torque has not been changed and the 
speed has been reduced one-half. The 
torque cannot be changed very materi- 
ally for the core is. 80 designed that 
the motor will produce its full torque 
when the magnetic density is nearly at 
the limit. 

A change in speed must be accompa- 
nied by a change in the applied voltage. 
Assume, for example, that this 3-hp. 
3,600-r.p.m., three-phase motor has 
thirty-six coils, two poles and is con- 
nected series star. When it is changed 
to four poles, 1,800 r.p.m., we still 
have thirty-six coils and the same num- 
ber of turns per coil with a series-star 


‘eonnection, but the rotating magnetic 


field is only making 1,800 r.p.m. instead 
of 3,600 r.p.m. Then the counter-elec- 
tromotive force will be reduced one- 
half. This would allow approximately 
twice the normal current to flow 
through the stator winding, which 
would soon be burned out. 
If the motor were connected double 
star, it could be reconnected series 
star for operation at 1,800 r.p.m., and 
would give fair results on the original 
voltage. Or the original connection 
could be used and the motor operated 
on one-half the original voltage. Of 
course, other connections could be 
used, but I have cited these merely as 
examples. 
Galesburg, III. EARL BABER. 
2 + 2 2 
Single-Phase Load on Polyphase Meter— 
Will some reader of INDUSTRIAL ENGI- 
NEER please tell me what will be the 
difference, if any, in the real power 
consumption as compared with the me- 
ter reading when a single-phase load 
and a polyphase load are taken from 


one polyphase meter, as shown in the 
diagram. The polyphase load seems to 


220 Welt 
Zor 3 Phase 
Supply Polyphase Meter 
— 
3 Phase S Phase 
load Load 


be registered correctly, but will the 

meter register too much when single- 

phase power is used? If so, would the 
same result be obtained on both two- 
phase and three-phase circuits? 

Northampton, Mass. L. G. 

In answer to L. G. D. in the August 
issue, when a single-phase load is con- 
nected to a polyphase meter, there 
should be no difference between the 
power consumed and the amount re- 
corded on the meter, provided, of course, 
that the meter is accurate and is con- 
nected properly. Connecting a single- 
phase load on a polyphase system, 
either two or three phase, results in an 
unbalanced system and all polyphase 
meters should record the true power 
consumed, regardless of whether the 
system is balanced or unbalanced. 

Sometimes, however, polyphase me- 
ters are found to run a little fast or a 
little slow when operating on an 
unbalanced polyphase system, even 
though the connections are correct. 
Usually this is because the torques on 
the meter elements are unequal. The 
meter should be adjusted so that when 
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the same amount of power is passed 
through each element, the torque on 
each is equal. If this is not done, when 
the meter is operating on an unbal- 
anced system it will run too fast when 
one element has more of the load pass- 
ing through it, and will run too slowly 
when the other element is carrying the 
heavier load. ERNEST DICKINSON. 
Kimberley, B. C., Can. 
$ $ * $ 


In answer to L. G. D.’s question in 
the August issue, a polyphase watt- 
hour meter which is connected correctly 
to measure two-phase or three-phase 
power will indicate the power consumed 
on the “load” side of the meter regard- 
less of the condition of balance. Since 
the case presented is simply a two-or 
three-phase load which is unbalanced, 
due to the addition of the single-phase 
load to one phase, the meter will, if 
properly connected, correctly indicate 
the watt-hours consumed. 

Toronto, Can. HERBERT KING. 
S XR > $ 


In the August issue of INDUSTRIAL 
Enqinerr, L. G. D. asked about the ac- 
curacy of metering when a single-phase 
load is connected to a polyphase meter. 

In its present form his question is far 
from being clear, as he does not show 
the inside connections of the meter. 
However, I presume that this is the 
usual type of polyphase meter, which 
is essentially a combination of two 
single-phase meters. Such a meter is 
able to measure accurately a polyphase 
load even if the phases are unbalanced. 
The readings of the instrument will, 
therefore, be correct regardless of 
whether the single-phase load is taken 
alone or at the same time as the three- 


phase load. 
Liege, Belgium. P. Van HERK. 
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Answering L. G. D.’s question in the 
August issue, there is no theoretical 
reason why this meter should not give 
an accurate record of the consumption 
of single-phase power, if it has been 
properly adjusted. A three-phase load 
rarely has a 100 per cent power factor 
and the torque on the two elements, 
therefore, is not the same; in other 
words, if two single-phase meters were 
installed in place of the polyphase 
meter they would not read alike unless 
the power factor were 100 per cent. 
In fact, at 50 per cent power factor 
one of the meters would read zero. 

In any watt-hour meter an adjust- 
ment must be made for light loads and 
unless this is done the record of con- 
sumption at a low speed may be very 
much in error in one element. 

The registration of a polyphase meter 


Is dependent on the sum of the torques 


of the two elements and the addition of 
a single-phase load will, therefore, only 
add to the torque of the polyphase load 
in its proper phase relation and a cor- 
rect reading will be obtained. 

Should there be any doubt as to the 
accuracy of the polyphase meter it 
should be checked against two single- 
phase meters rather than against an- 
other polyphase meter, since the former 
would indicate with more certainty 
where the discrepancy, if any, exists. 

OTTO VON DANNENBERG. 


The J. G. White Engineering Corp., 
New York, N. Y. 
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Building Maintenance 
and Plant Safet 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 


be welcome. 


Concrete in Machine Pedestals 
Absorbs Hammer Shock 


RACTICALLY all file teeth are cut 

in special machines of the punch- 
press family with an open side in which 
a hammer weighing from 1 lb. to 100 
lb. falls from 200 to 1,000 times a min- 
ute. The lower end of this hammer 
carries the chisel which cuts the an- 
nealed blank while the blank is fed 
along at a rate which produces coarse 
or fine teeth. In addition to the weight 
of the hammer itself, the power of a 
spring is put behind the hammer to 
make the right kind of a cut in the 
steel blank. Such pounding as this, all 
day long, demands a rigid machine and 
a husky foundation. It is customary to 
place a cast-iron pedestal between them 
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Filling this pedestal between the 
machine bed and the foundation 
with a 1-to-3 cement-sand mixture 
insures, at low cost, greater rigid - 
ity of the machine. 


and fastened to each. The general 
practice is to carry the throb of the 
file eutter down to a foundation in the 
ground. 

The accompanying drawing shows a 
method now employed to secure mass 
and rigidity in the pedestals under such 
machines at a relatively low cost. The 
pedestals are filled with conerete after 
they are placed and bolted down. 

As will be noted, the under side of 
the machine bed rests directly on the 
concrete inside the pedestal. This is 
purposely done to make it take its 
share of the load. On those machines 
that were made with a recessed center, 
a flat iron plate has been placed be- 
tween base and pedestal to distribute 
this load over the entire surface. 

A 8-to-1 mixture is used inside the 
castings without stone or cinders in it. 
The slight additional cost of using 
the richer mixture is fully justified. 
When it is desired to go further toward 
making a good job, the pedestals may 
be faced on the bottom and rested on 
a metal plate set in the foundations. 
Then although the pedestal practically 
rests on a machined surface a little 
thin cement is poured into the pedestal 
at first. DonaLp A. HAMPSON. 
Plant Superintendent, 


Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 
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Methods of Handling Fire Hose 
When Connecting Up 


N ORDER that the members of the 

fire department and other employees 
who are engaged in volunteer fire pro- 
tection, may understand better the 
methods of handling a hose, The Pull- 
man Company, Chicago, Ill., published 
in its shop paper, the accompanying 
illustrations showing how a hose should 
be handled. The upper illustration, for 
example, shows the two positions taken 
for unrolling a hose. The man on the 
right is using an underhand roll as in 
bowling, while the other is taking the 
position for what is known as the 
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shoulder roll. The second illustration 
shows the completion of the roll. As 
the hose unrolls, the operator gives it 
a jerk to straighten out the 50-ft. 
length. 

The third illustration shows the 
proper position for making a coupling. 


— > 
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Three steps in coupling a hose. 


To show their employees how to handle 
fire hose, the Pullman Company have 
printed in their shop paper these three 
photographs which show how to unroll 
the hose, how to straighten it, and how 
to couple it. 


November, 1924 


The “female” end of the coupling is 


held between the knees and the male“ 


end is held by the left hand with the 
right hand in position to turn up the 
coupling. Care must always be exer- 
cised so that the threads are not 
jammed nor the coupling started incor- 
rectly, as in any case time is a very im- 
portant element. Also, damaged 
threads may hold up getting the stream 
on the fire until it has made a good 
start. 


— ——— 


Portable Derrick for 
Handling Miscellaneous Loads in 


Plant Yards 


TORAGE yards usually contain a 

miscellaneous ass ort ment of 
heavy materials whith are difficult to 
load or unload by hand. Even though 
a large derrick may be located in the 
yard, it is not always available because 
it may not be within reach. As a re- 
sult, wood “A” frames and various 
miscellaneous makeshift derricks are 
commonly used. While these serve the 
purpose, they are generally more or 
less unwieldy and are hard to move 
about and erect, as they often require 
guy ropes. 

One oil company has devised an in- 
genious substitute for these makeshifts 
in the form of a derrick, shown in the 
accompanying illustration, which is 
fabricated entirely from pipe by oxy- 
acetylene welding, as recently explained 
in “Oxy-Acetylene Tips” issued by The 


` 


This portable derrick for support- 
ing a chain block when handling 
yard material was made by an oxy- 
acetylene welder from scrap pipe. 
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Linde Air Products Co. The feet are 
bent up at the end to serve as skids on 
which the derrick is readily dragged 
from one location to another. The der- 
rick is wide enough to straddle the ob- 
ject to be lifted whether it is on a 
motor truck or on the ground. The load 
is then hoisted by means of a chain 
block and the truck driven under or 
backed out and the load deposited on 
the ground. Loads that are not too 
heavy may be handled a short distance 
by lifting them and then dragging the 
loaded derrick to its new destination. 

Actual fabrication of such a derrick 
may be left to a good welder but the 
design should be made by a trained 
engineer. For instance, while the der- 
rick illustrated is probably capable of 
supporting any load within the range 
of the ordinary chain block, it could 
sustain a load several times as great 
if the top members were arranged in 
the form of a king post truss as shown 
by the dotted lines in the illustration 
at the left. In such a case the angular 
braces just under the cross bar could 
be shortened. 


— — — 


Effect of Annealing Hoisting 
Sling Chains 

N a paper on the safe operation and 

use of hoisting chains, presented at 
the recent Safety Congress held at 
Louisville, Ky., A. V. de Forest, an en- 
gineer with the American Chain Com- 
pany, Bridgeport, Conn., gave some in- 
teresting results that may be expected 
through annealing chains when an 
elongation indicates that they have 
been overloaded. Wear is sometimes a 
factor in causing elongation of a chain 
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and it is necessary to distinguish be- 
tween this effect and that of overload. 

Regarding annealing when a chain 
does not show signs of wear, and why 
it tends to lower the working load but 
increases the factor of safety under 
shock, Mr. de Forest had the following 
to say: 

“It is well known that annealing re- 
stores its original properties to cold- 
worked or distorted metal. At the same 
time it destroys the increased strength 
due to that cold work. As far as miti- 
gating the effect of fatigue is con- 
cerned, it naturally can have no healing 
effect upon a failure already started, 
but it can and does lower the resistance 
to deformation. 

“To illustrate: A 1-in. chain nor- 
mally breaks at 60,000 lb. with 15 per 
cent elongation. A proof stress of 
30,000 lb. will cause more elongation, 
but without careful measurement by in- 
spectors the load could rise to 35,000 
lb. with perhaps 6 per cent elongation. 
Repeated loads just below this figure 
would start fatigue cracks and final 
rupture without appreciable further 
elongation. If, after the first applica- 
tion of the 35,000-lb. load the chain had 
been annealed, it would start stretch- 
ing at about 28,000 1b. and again would 
show nearly 15 per cent elongation, and 
if the 35,000 Ib. were once more applied, 
the elongation would be so great that 
overloading would be self-evident. Here 
the annealing would act to protect the 
chain from further abuse. Suppose, 
however, that the loads repeatedly ap- 
plied were 30,000 Ib. and the chain were 
not annealed after its one application 
of the 35.000-Ib. load. It would carry 
these loads without danger, but would 
have lost the 6 per cent elongation 
taken out by the 35,000-lb. load and the 
resulting greater shock-resisting power. 
Briefly, the annealed chain has greater 
resistance to breaking under a single 
shock load; the unannealed chain can 
stand a higher repeated load, and has 
a higher working strength. but does not 
have as great a resistance to a single 
shock. 

“The greatest benefit from annealing 
lies in the fact that it automatically in- 
creases the factor of safety. If im- 
properly carried out, that is, if the 
chain is heated too hot, kept hot too 
long, or cooled too slowly, it weakens 
the chain. In general, it is only useful 
after the chain has been distorted by 
an overload and to lower the working 
load. It should not be done periodically 
as a “cure all,” but, carried out in con- 
junction with careful inspection, it will 
add to the safety of lifting and hoisting 
operations. 

“Annealing, however, can only restore 
ductility in the metal and does not af- 
fect the loss in elongation due to per- 
manent deformation of the links. No 
chain should be used on important work 
after it has been badly overloaded and 
has thereby lost a considerable propor- 
tion of its remaining elongation. Its 
tensile strength may be unimpaired but 
its reserve of shock strength is gone. 
If annealing is carried out, the chain 
should be heated to a uniform temper- 
ature of between 1500° F. to 1600° F., 
kept at heat only long enough to reach 
this temperature throughout and cooled 
freely in air.” 
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Electrical Service 
Around the Works 


Accessibility Is 
Important Factor in Maintenance 
of Lighting Units 

HE usefulness of a reflector is 

easily and rapidly lost through the 
accumulation of dirt—and the measure 
of the value of the reflector is in the 
ability of its reflecting properties to 
bend the rays of light back and deliver 
them, without loss of intensity, between 
useful angles in the working area. 

Obviously it is as necesary to restore 
these reflecting properties whenever 
they become impaired by dirt as it is 
to refill a gasoline tank when it be- 
comes empty. It would be as absurd to 
build an automobile without making 
provision for refilling the tank as to 
install a reflector without making ade- 
quate provision for cleaning; nobody 
has ever found any kind of dirt that 
will save light. 

And just because nobody thought to 
make provision for keeping them clean 
thousands of high-grade reflectors, all 
over the country, are now rotting away 
with dirt and rust, without perform- 
ing the work for which they were pur- 
chased. It is dirt that destroys a re- 
flector—for it is dirt that collects cor- 
rosive elements—and it is dirt that pre- 
vents the reflector from performing 
its proper function. 

The greatest problem in lamp main- 
tenance is accessibility, but this work 
can now be done easily and economic- 
ally by installing the lamps on a safety 
lowering switch, or disconnecting 
hanger, enabling them to be lowered 
away from the electric circuit for the 
cleaning of reflectors and renewal of 
bulbs, thus eliminating climbing haz- 
ards and also eliminating all electrical 
hazards, by keeping the man entirely 
out of reach of the electric circuit. 

A perfectly clean bulb may be put 
into a dirty reflector without accom- 
plishing anything, or at least not 
much; but it is a certainty that nobody 
is going to wash a reflector and polish 
it, without wiping off the bulb. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspeo 

tallations. 


tion, overhauling, testing or special ins 


It is apparent therefore that there 
is no occasion for worrying about the 
bulb if the reflector is kept clean; for 
then the bulb will be taken care of au- 
tomatically. 

President, ALLISON J. THOMPSON. 


The Thompson Electric Co., 
Cleveland, Ohio. 


— . —— 
Method of 


Locking a Push-Button Station 
to Prevent Starting Motor 


N ONE of the departments of our 
factory, we are using an automatic 
starter for controlling a motor that 
drives a machine which extends 


This device can readily be made 
from sheet steel and will prevent 
many accidents. 

The photograph, which was fur- 


nished by the National Safety 
Council, shows the method of lock- 
ing a push-button switch in the 
stop position. A padlock may be 
slipped through the hole in the 
clip. thus preventing unauthorized 
persons from starting the motor 
while workmen are working on the 
machinery driven by it. 


through two floors. The motor is 
started from either floor from push- 
button stations and can be started 
only when all stations are clear. When 
working on, or loading up the machine, 
the operator pushes the stop button 
down and turns the clip shown in the 
accompanying illustration, over it. 
Since the control] stations are electric- 
ally interlocked, this prevents anyone 
from starting the motor from either 
station. A hole is punched in one end 
of the clip so that a padlock may be 
slipped through it, thus locking the 
clip in this position and, consequently, 
locking the push-button in the stop posi- 
tion. 

The clip is made of sheet steel and 
is riveted or bolted to the push-button 
cover so that it may be turned around 
the rivet or bolt as is shown in the 
illustration. The end of the clip adja- 
cent to the push button is formed so 
as to fit over the button when it 


is pushed in. 
Columbian Rope Co., H. H. 
Auburn, N. Y. 


— — 
Arrangement of 
Primary and Secondary Buses 


for Transformer Bank 


ANY industrial works distribute 

their power supply at 550 volts 
and then transform it to 220 or 110 
volts for use on the motors nearby. 
The transformers are usually placed 
outdoors on the ground. A very eco- 
nomical yet substantial arrangement of 
the high- and low-tension buses for 
such an installation is shown in the ac- 
companying illustrations. 

In Fig. 1 are shown two transform- 
ers connected open delta for supplying 
the 220-volt power required in the im- 
mediate vicinity. The 550-volt, prim- 
ary bus is located on the wall behind 
the transformers. It consists of three 
single-conductor cables mounted on 
Pierce secondary racks (Hubbard & 
Co., Pittsburgh, Pa.) which are bolted 
to the face of 4-in. angle irons, which 
in turn are bolted to the wall by means 
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Fig. 1—The secondary bus of these 
transformers was mounted on a 
pipe frame-work. 


In the left-hand illustration, may be 
seen how secondary racks were fas- 
tened to the pipe uprights in such a 
manner as to hold the buses made of 


single conductor cables. The right- 
hand illustration shows how a similar 
bus was mounted on the wall behind 
the transformers so as to supply the 
primary side of the transformers. 


of through-bolts. When the cable buses 
are to be made up, the bolts fastening 
the Pierce secondary racks on one end 
are slacked off for about an inch and 
the bus cable made up as taut as pos- 
sible in this position. The bolts on the 
slack secondary rack are then tightened 
up to the maximum which draws the 
buses up as tight as a “fiddle string.” 
Thus tautness is obtained without the 
use of turnbuckles which take up much 
space and are not neat in appearance. 

The 550-volt supply is delivered to 
the primary bus through wires in con- 
duit as shown in the right-hand illus- 
tration of Fig. 1. A separate fuse cut- 
out is provided for each primary lead 
to the individual transformers. These 
cutouts are mounted on an angle iron 
which is above the primary bus and 


Fig. 2—Another installation using 
a pipe frame-work to support the 
secondary bus. 


Notice the wire guard or grillework 
placed around the entire installation to 
brovidė 1 safety. Also note the 
morour grounding of the transformer 
cases by copper straps connected to 
ground plates. The ound connec- 
tions can be seen on the front side of 
the concrete foundation. 


attached to the wall behind the trans- 
formers. 

The arrangement of the secondary 
bus is unique. A pipe framework was 
mounted in front of the two transform- 
ers as is shown in the left-hand illus- 
tration of Fig. 1. A Pierce secondary 
rack is attached to each of the two 
pipe uprights and three single-conduc- 
tor cables are strung to make the sec- 
ondary bus, in a manner similar to that 
described for the primary bus. The 
pipe connecting the vertical members 
of the secondary-bus supports is pro- 
vided, of course, for the sole purpose 
of giving something to pull against 
when the wires are tightened by the 
above mentioned method. 

The secondary leads of the trans- 
formers are connected directly to the 
bus. Two feeders are shown connected 
to the secondary bus. They are in the 
two conduits running across the con- 
crete floor on which the transformers 
are placed. In Fig. 2 is shown a simi- 
lar arrangement for larger transform- 
ers. In this case the three large trans- 
formers are delta connected to supply 
the 220-volt power. The fourth trans- 
former is a separate installation and 
supplies the 110-volt lighting system. 


President, R. S. HUNTINGTON. 
Huntington & Guerry, 
Greenville, C. 

— — 


Shocks from Lights Caused by 
Leaky Transformer Case 


HE following incident, which oc- 
curred about a year ago in a ma- 
chine shop in one of the larger cities, 
may be of interest to the readers of 


wr! > 
. As 


3 PEDIDA J =e Al — re> i 


sgt 


547 


INDUSTRIAL ENGINEER, The street lines 
carried electrical energy at 2,200 volts, 
which was stepped down for domestic 
and industrial purposes. The machine 
shop mentioned operated its motors at 
220 volts, three-phase, 60 cycles. The 
power transformer and the lighting- 
circuit transformer were both on the 
same pole in front of the shop, the 
pole having been set for this purpose 
and not to carry the power transmis- 
sion lines. 

One afternoon a workman in the 
grinding room reported to the superin- 
tendent that he was getting a shock 
from the lamp over his machine. The 
superintendent thanked the man, who 
had mentioned it as something of a 
joke, and said he would tell the elec- 
trician to go over the wires in the 
grinding room. Through some delay 
the electrician did not get around to it 
for several days and meanwhile there 
came a dark rainy day when lights had 
to be used quite generally. 

This general turning on of lights 
started the fun. Men touched the keys 
and yelled; other men were knocked 
over. Fellow workmen laughed at 
those who had gotten a “shock” and, 
when taunted, tried the sockets them- 
selves with the same result. 

When the electrician was called, he 
made a hasty examination of the shop 
lines and could find nothing wrong. 
However, when he stood on a dry board 
and attempted to turn on a light (por- 
celain key on a porcelain socket), he 
was knocked against an adjoining par- 
tition. Realizing better than the rest 
that there was something radically 
wrong, he called up the line gang’s of- 
fice and the chief himself. skeptical and 
silent, showed up in a little while. This 
official refused to believe there was 
anything wrong and left saying that 
the boys imagined it, although he re- 
fused absolutely to try to turn on a 
light himself. 

Not satisfied, the electrician called 
another department and got one of the 
meter testers to come out with a volt- 
meter. The floor in part of the ma- 
chine shop was wood; the remainder 
was concrete. All of the floor was at 
the ground level. Selecting a socket 
where the concrete floor was right on 
the earth, the tester connected the 
meter between the socket and the floor. 
His instrument read 2,200 volts. He 
had found conclusively that there was 
something wrong. 

When the line gang was forced by 
this test to look into the matter, they 
located it at the transformer. The lat- 
ter was dry and entirely empty of oil, 
thus causing the insulation between the 
primary and secondary windings to fail 
and permitting the 2,200 volts to get 
on one of the low-voltage wires. 

This is not, of course, a regular oc- 
currence but it is worth watching out 
for and it goes to show that complaints 
about a “shock off of that light” ought 
not to be taken lightly. In this par- 
ticular case, the oil had been leaking 
out gradually for some time. It was in 
the Spring and the branches of a maple 
tree swept the pole where the trans- 
formers were. The superintendent 
came right by the spot every day and 
he remarked, then, that he had noticed 
the spots on the sidewalk for some 
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time but thought they were from maple 
sap that had dropped from a broken 
branch above. DoNALD A. HAMPSON. 
Plant Superintendent, 

Morgans and Wilcox Mfg. Co. 

Middletown, N. Y. 


— — 


Procedure for 
Inspecting and Maintaining 
Storage Batteries 


HE operating code of the Philadel- 

phia Electric Company contains 

the following instructions for treat- 

ment of cells whose voltage or specific 
gravity are seriously low: 

1. When the plates of a cell become 
sulphated cut the cell out of service; 
substitute water for the electrolyte. 

2. Charge the cell until there is no 
further increase in specific gravity. 

3. If the sulphation is so deep as 
not to have been all removed by this 
operation, again substitute water for 
the electrolyte. 

4. Charge the cell until there is no 
further increase in specific gravity. 

5. Repeat this operation as often as 
may be necessary to remove the sul- 
phation. 

6. Bring up the specific gravity to 
the normal value by adding acid. 

7. If the plates of a cell become 
short-circuited owing to bulging of the 
active material or foreign material be- 
tween the plates, scrape the plates well 
with a stick. Remove the deposited 
material from the bottom of the jar. 

8. If the plates of a cell become 
short-circuited owing to buckling, re- 
move them from the cell and straighten 
them. 

When scraping battery plates of ac- 
cumulated materials a wooden stick 
should be used to avoid short-circuiting 
the plates. Owing to the considerable 
amount of moisture given off by a bat- 
tery, the humidity in the battery room 
is very high and condensation occurs 
upon most objects, especially metal. 
This being acid in character causes cor- 
rosion of metal and also attacks the 
woodwork. Consequently: acid-proof 
paint should be applied where possible, 
and vaseline should be used on parts 
such as connections between cells. 
Boiled linseed oil is also a good acid 
and moisture resistant for application 
to wood. Detailed instructions for 
cleaning and inspecting batteries, are 
as follows: 


CLEANING AND INSPECTION 


1. Wipe off glass covers, jars or 
tanks and all supporting insulation. 

2. Keep the trays dry and clean. 

3. After cleaning the wood tanks 
wipe them with a cloth saturated with 
boiled linseed oil. 

4. Make sure that the overhanging 
lead on lead-lined tanks is pulled away 
from the sides of the tanks so that con- 
densation will drop to the floor and not 
run down the sides of the tanks. 

5. Coat the inside of the glass jars 
with vaseline about % in. down from 
the top. 

6. Copper busbars and any other 
metal, except the connection between 
cells, which are exposed to acid fumes 
must be coated with acid-proof paint. 
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7. Wooden racks should have the 
same treatment. 

8. The connections between cells 
should have a light coat of vaseline. 

9. Wash the racks and the floor oc- 
casionally with bicarbonate of soda to 
prevent damage from acid. 

10. Inspect the cells frequently for 
sulphation and internal short circuits. 

11. Keep all material from bridging 
the space between the plates or build- 
ing up on the bottom of the jar or tank. 
A wooden stick passed between the 
plates and scraped over the bottom of 
the jar or tank will prevent a danger- 
ous accumulation of such material. 
Never use a piece of metal for this 
purpose. 

12. Fill the automatic pilot cell filler 
as often as is necessary to replace 
evaporation. 

— 


Use of Extension 
Reel to Prevent Interruption of 
Telephone Service 


NE time when I was employed on 

an electrically-driven dredger, we 
were constantly bothered by interrup- 
tion of the telephone service to the 
booster-station end of the shore line, 
when blow-outs of the rubber connec- 
tions on the pontoon line occurred, or 
when the pontoon line pulled apart in 
stormy weather—just when telephone 
service was needed the most. The wires 
connecting the telephone stations were 
laid along the pontoons and when these 
were pulled apart the telephone lines 
broke also. 

To get around this difficulty, I con- 
structed a reel for the telephone wire 
and anchored it on the first pontoon; 
then when the pontoon line broke, the 
wire would just pay out and service 
would not be interrupted. Inasmuch 
as this wire reel could be built in al- 
most any size and used to extend the 
range of portable tools or other light 
equipment, a description of it may be 
useful to other readers. 

The illustration shows how this reel 
was made from an ordinary wooden 
reel upon which armature or banding 
wire is shipped. 


This reel, which was made for use 
on a dredger to prevent interrup- 
tion of telephone service with the 
shore, could be used to extend the 
range of portable tools or other 
light equipment. 
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An iron pipe was fitted tightly in the 
hole of the reel, to serve as a support, 
after holes for the conductor had been 
drilled through the reel and the pipe. 
The collector rings were made of brass 
tubing and were sawed off so that a lip 
was left, to which the telephone wire 
connections were soldered. These rings 
were put on by winding empire tape 
tightly around the pipe until the rings 
would fit very snugly over it by twist- 
ing them in the direction the tape was 
wound on. 

Probably a better looking job could 
have been made by mounting the col- 
lector rings on fibre disks turned down 
to the proper diameter, although rings 
mounted as described served our pur- 
pose well enough. When both rings 
were in place the lips were staggered. 
Another hole for the conductor was 
drilled in the iron pipe between the col- 
lector rings. 

The pipe and reel were then mounted 
in simple bearings on a strap-iron sup- 
port of the form shown in the illustra- 
tion. These supports were easily made 
and were very strong. 

The brushes for the collector rings 
were made from old controller fingers 
with the solid copper tips removed. The 
strips of leaf copper remaining were 
riveted together and ground to fit the 
rings. These brushes were then bolted, 
spaced the proper distance apart, to a 
fibre block which, in turn, was securely 
bolted to the strap-iron bearing sup- 
port. 

The two wires comprising the dredger 
end of the telephone line were soldered 
to the collector ring brushes. One end 
of the conductor which was to be 
mounted on the reel was passed through 
the hole in the middle of the reel, 
through the pipe and out through the 
hole in the pipe between the collector 
rings, to which the two wires were 
soldered. The remainder of the wire 
was then wound up on the reel. The 
line to the shore was stretched along 
the pontoon line and passed through 
wired loops fastened to the pontoon 
pipe cleats. After this wire reel was 
put into service there was no further 
interruption of telephone communica- 
tion with the shore. 


Oakland, Calif. S. H. SAMUELS. 


Brass tube 


＋ Hole for conductor 
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This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 

ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Simple Brake to Stop Lineshaft 
Quickly in Emergency 
BRAKE that we installed on our 
machine shop line shafting is 
shown in the illustration. There are 
180 ft. of shafting that drive nearly 
eighty countershafts. More or less 
work has to be done while shafts 
are running at normal speed or slack- 
ened for the occasion and there is like- 
wise always the possibility of belts get- 
ting tangled up. A belt that gets 
caught may not injure a person, but 
after it breaks, flying ends may cause 
havoc until the shaft is stopped. 

No means are provided to stop shafts 
in modern installations. It is not con- 
sidered necessary—what is important 
is to make them run as easily, with as 
little power consumption, as possible 
and to this end the expense of ball 
bearings and non-slipping drives be- 
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A brake like this will stop a line- 
shaft within a few revolutions 
after the power is shut off. 


come justifiable. But the minute the 
power is shut off, the shaft load be- 
comes unimportant—the shaft may run 
one minute or five in coming to a stop. 

In an emergency, a brake is highly 
desirable. This one of ours has been 
used several times with gratifying re- 
sults; one of the times being when a 
man got his hand tangled in a loose 
hanging belt, so that the brake changed 
what might have been a serious acci- 
dent to merely a bad scare for every- 
one concerned. When it is necessary 
to stop the shaft during working hours 
to put on a belt, nearly a minute of 
each man’s time is saved by being able 
to stop the shaft quickly. 

The brake shown was made from an 
automobile brake. The supports and 
anchor were forged for this purpose 
and are bolted to a beam. Such a 
brake needs to be well supported in 
order to resist the tendency to wrap 
around the shaft when it is operated 
and also to keep it away from the 
drum, to avoid friction and heat. A 
lineshaft coupling or a small pulley 
may be used as the brake drum. The 
rod by which the brake is operated ter- 
minates in a handle that can be con- 
veniently reached by a person standing 
on the floor. Dox AID A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co., 
Middletown, N. Y. 
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Advantages of 
Short Center Belt Drives in 
Industrial Plants 


ELT capacity is ordinarily esti- 

mated with the assumption that 
the belt is in contact with at least 180 
deg. of pulley surface. Where less 
contact is made less power can be trans- 
mitted with the belt at the same ten- 
sion. Short-center drives require some 
means of increasing the belt wrap on 
the smaller pulley so that it will get 
more surface in contact with the small 
pulley and permit full capacity of trans- 


mission without excessive tension. One 
method of obtaining this is through 
special, belt-tensioning devices; one type 
of these is the “Pulmax Drive” de- 
signed by the engineers of the Bird Ma- 
chine Co., South Walpole, Mass. 

Drives of this general type are of 
particular value for transmission be- 
tween pulleys that are unequal in size. 
The greater the difference in pulley size 
or the nearer the pulleys to each other, 
the greater the importance of this drive. 
With it higher efficiencies are now ob- 
tainable between a large and small 
pulley, placed close together, than are 
obtained from most ordinary drives 
that are regarded as ideal. In addition, 
with this type of drive the user of belts 
need no longer worry about relative 
pulley sizes, position of pulleys, ver- 
tical or horizontal, belt slip, which is 
the driver and which the driven pulley, 
or placing the pulling side on the top 
or bottom when planning a belt drive. 

A typical drive of this sort of which 
the Pulmax is an example is shown in 
an illustration on the next page and 
consists of a roller (A) assembled on 
an arm (B) which in turn is mounted 
on a shaft (C) supported by a suitable 
pedestal. The roller is held against the 
slack side of the belt by counterweight 
(D). Some types of this drive have 
the roller assembled on two arms 
mounted on a shaft supported by one or 
two pedestals. The roller pulley is on 
a revolving shaft mounted on ball bear- 
ings. The shaft for the pedestal to 
which the arm is fastened is free to 
oscillate in a bearing in the head of the 
pedestal. 

To go into detail on all of the ad- 
vantages of this type of drive and into 
its theory and practice would consume 
much space. Below are given some of 
the principal advantages with a few 
brief explanatory remarks. One advan- 
tage, for example, is space saving. An 
excellent illustration of how this type 
of drive saves space is shown by the 
diagram on the next page. 
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Here original pulley centers of 19 
ft. 3% in. were reduced to 4 ft. 6 in. 
This resulted in a considerable saving 
in space, belt and in the time formerly 
required for adjusting the old belt to 
keep it tight. The original installation 
was constantly giving trouble because 
of belt adjustment and belt wear. Ex- 
cept for an occasional oiling, the motor, 
drive and belt have not been touched 
since the installation was made in De- 
cember, 1921. 

Some of the other advantages may 
be discussed with brief explanations as 
follows: Pulleys may be located in al- 
most any relation to each other as the 
line through the center of the pulleys 
can be at any angle to the floor line. 
Also, the belt can run in either direction 
and the unit is suitable for nearly all 
belt drives. The unit is entirely me- 
chanical and automatic in its perform- 
ance and needs no attention aside from 
occasional oiling, as it does not have 
complicated mechanism. This and the 
minimum bearing friction give a low 
cost of upkeep. 

Because belts do not have to be so 
tight there is less wear, hence longer 
belt life. The shorter belts necessary 
give a lower belt cost. Sometimes nar- 
rower belts may be used to obtain the 
required output or increased capacity 
obtained from an installation. Belt 
clamps are not needed for tensioning 
or for splicing. This simplifies the 
splicing problem and saves much time. 
Also, as tension is maintained by the 
drive the belt does not need frequent 
attention. Arcs of contact of 225 deg. 
and more are frequently obtained and 
ordinarily difficult drives operated with- 
out applying belt dressings for the 
purpose of preventing slippage. 


Construction details of a Pulmax 
belt drive and one lineshaft drive 
installation. 


This drive, as shown in the illus- 
tration below, consists of the addi- 
tion of a special pulley on a pivoted 
arm which increases the arc of con- 
tact of the belt upon the small pul- 
ley. The sketch shows how a line- 
shaft drive was shortened by means 
of a Pulmax drive. The lower illus- 
tration at the right shows the same 
installation as given in the sketch, 
which was made in Dec., 1921. The 
belt and drive have Requizes no at- 
tention since, except oiling the pul- 
ley. Before this was installed the 
belt had to be tightened frequently. 
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Endless belts are easily placed on or 
removed from the pulleys as the ten- 
sion is applied after the belt is in place. 
This avoids the harmful practice of 
running a large belt onto a pulley by 
first forcing one of the edges to catch 
and then running the belt on either by 
hand or by power. Where overhung 
pulleys are used the belts can be made 
up endless by the belt manufacturer. 

Great accuracy as to belt length is 
not so necessary with the special short- 
center drive as with the old style of 
drive. Also endless belts usually oper- 
ate with less vibration. This type of 
short-center drive is elastic instead of 
rigid and so absorbs shocks and vibra- 
tion which makes it an excellent drive 
for severe operating conditions. Also 
there is no flapping or waving of the 
belt, regardless of speed or load condi- 
tions. This also usually helps prevent 
vibration. 

Still another advantage lies in the 
fact that as the operation does not re- 
quire the maintaining of a high tension 
in the belt, the effectiveness of the 
drive is not affected by atmospheric 
conditions such as temperature and hu- 
midity nor by seasonal changes. 

Sometimes important savings may be 
made by making additions and new 
construction unnecessary. In one in- 
stance short pulley centers gave enough 
additional space to save the cost of 
constructing an addition to a crusher 
building. Where direct-connected steam 
engines are replaced by motors and 
short-center drives, no more floor space, 
and frequently less, is required than 
formerly. Sometimes savings can be 


made in the cost of the equipment to 
which it is connected. For example, in 
some cases there is a reduced first 
cost of generators and motors because 
of the higher speeds which may be 
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used. In some cases the entire cost of 
the special drive has been covered by 
the lowered price of the generator or 
motor which could not have been used 
with the ordinary open drive. 

The first cost is low and the savings 
are further increased by reduced oper- 
ating costs. Also, the speed reduction 
can generally be made in one step with- 
out extra countershafts or jackshafts. 
As this type of drive is simple it is 
easily and quickly installed by any man 
of average mechanical ability. Since 
there is nothing to get out of order the 
maintenance cost is low. Devices of this 
type are so simple that they can be 
operated by anyone as there is nothing 
to adjust. Bearing pressures, speeds 
and tensions may be determined so that 
the completed installation can be scien- 
tifically and practically correct. The 
larger contact of the belt on the pulley 
makes it unnecessary to lag the belt 
with leather or other materials. Iron, 
steel, wood, paper or any kind of pulley 
may be used. With the lower belt ten- 
sion both belt and bearings will last 
longer. Also oil cannot leak from the 
ball bearing on the roller pulley shaft 
onto the belt and spoil it. 

Operation at lower tension and the 
elimination of slip increase the effici- 
ency of the drive over the whole range 
from light load to peak load. The min- 
imum belt tension is constantly main- 
tained. The initial tension on the slack 
side is a predetermined, fixed quan- 
tity. After its determination the ten- 
sion on the slack side is practically held 
at that point. The old rule “make the 
lower side the pulling side” does not 
hold here. With drives of this type 
either the top or bottom may be the 
pulling side and with equally high ef- 
ficiency. In addition, vertical drives are 
as readily handled as horizontal drives. 
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Tests for All-Through Drying of 


Insulating Varnishes 


STATEMENT appearing in the 

article by the writer entitled, 
“When Analyzing Coil Troubles,” and 
published in the July issue of INDUS- 
TRIAL ENGINEER was challenged on page 
398 of the August issue. The original 
statement in my article read as fol- 
lows: 

“Some materials have been sold on 
the claim that they will dry from the 
inside out and that, therefore, drying 
can be obtained all the way through. 
These materials have not been a success 
as it has been definitely proved that 
they will also form a skin over the out- 
side surface, and when such a skin is 
formed the oxidation of the varnish 
base is stopped. Rather than select a 
material which must be sold by false 
claims it is much wiser to see what can 
be done towards remedying the diffi- 
culty by a proper method of treating 
the coils after the varnish has been ap- 
plied.” ; 

Rather than enter into any discus- 
sion of the merits of the case I will de- 
scribe two very simple experiments, by 
means of which anyone interested in 
the subject may demonstrate for him- 
self whether any baking varnish dries 
throughout. f 

(1) Dip a sheet of bond paper 4 in. 
wide by 18 in. long and . 0025 in. thick 
in the varnish in question and withdraw 
vertically at a slow, uniform rate of 
speed. Allow it to drain vertically for 
one-half hour; then bake in a well ven- 
tilated oven until dry. Upon removal 
from the oven an accumulation or bead 
of the varnish will be found to be 
formed on the lower edge. Tear this 
bead across and note the condition of 
the varnish, that is, whether any un- 
dried or only partially oxidized var- 
nish can be squeezed out by the pres- 
sure of the fingers. 


In the Repair Shop 
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This section is devoted to repair work, large and small. Spe- 
cial attention is given to shop or bench tools and short cuts 


or improved methods. Contributions are always welcome. 
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(2) Fill a small tin container about 
3 in. in diameter with varnish to a 
depth of % in. Place this in the dry- 
ing oven and bake for 12 to 24 hrs. 
Examine the surface with the finger 
and note whether the same degree of 
toughness exists throughout or whether 
there is a skin over the surface. Break- 
ing of the film will show very quickly 
the condition of the varnish underneath. 

The writer believes that if these 
tests are carefully carried out the re- 
sults will be the same as his own. In 
any case they should provide the reader 
with ample proof of the all-through 
drying qualities of any particular ma- 
terial. H. L. HAZELTINE. 
Engineer of Insulation, 


The Sterling Varnish Co., 
Pittsburgh, Pa. 
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Accurate Method of Calipering 
Internal Work 


HE difficulty of obtaining exact 


measurements with inside calipers 
are known to every mechanic. Where 
there are several thousandths leeway 
not much trouble is experienced, but 


The calipers are held exactly in the 
center of the work by supporting 
them in the tail-stock chuck (A), 
or by placing the head on a block 
which, together with the work, 
rests on a surface plate (B). 


551 


when close limits must be maintained 
the situation often becomes tense, due 
to the difficulty of holding the calipers 
exactly centered throughout the entire 
length. 

An easy way to avoid these troubles 
and obtain more accurate measurements 
in less time than is ordinarily required 
is to support the handle of the calipers 
in the tail-stock chuck, as shown at 
(A) in the illustration, while taking 
measurements. The chuck is closed un- 
til it makes a loose sliding fit for the 
handle of the tool. By holding the 
caliper points in a vertical plane and 
sliding the handle back and forth in 
the chuck, it is possible to obtain ac- 
curate and dependable measurements 
almost instantly, as the support at the 
rear end eliminates about 80 per cent 
of the ordinary causes of error. 

Where the work must be examined 
after it has been removed from the 
lathe, the same results may be obtained 
by placing both the work and a rectan- 
gular block for supporting the head of 
the calipers on a surface plate, as in 
(B). The spring clip of the calipers 
should in this case be placed on the 
block, as this gives a firm support, and 
the block must, of course, be about the 
right height to bring the handle of the 
calipers center with the work. In this 
case, either the calipers can be slid over 
the block, or the block and calipers to- 
gether can be slid along toward and 
from the work. 
Santa Ana, Calif. S. H. 
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Handling Repairs Profitably in 
the Plant Repair Shop 


HAVE read with much interest the 

“Topics Discussed by Steel Men” 
on page 464 of the October issue of 
INDUSTBIAL ENGINEER, Having been in 
maintenance work myself for several 
years I am prompted to make the fol- 
lowing comments on the subjects dis- 
cussed. 

I notice in the article mentioned that 
several engineers have different opin- 
ions on the same subjects and one na- 
turally wonders why there is this di- 
versity of opinion. For instance, if 
“A” finds it profitable to rebuild com- 
mutators in his own shop but finds coil 
making unprofitable, and “B” finds the 
reverse, etc., why do the opinions dif- 
fer? In all probability if “A” and “B” 
were doing the work themselves or 
were directly supervising it, they would 
both find it profitable to do both kinds 
of work. 

I have been through the mechanical 
machine shop and electrical mainte- 
nance and have taken considerable 
pride in handling any job which came 
along whether I had ever seen it before 
or not, and doing it successfully, but 
I suppose that is why I am not doing 
it now. 

Work which has come under my su- 
pervision, in the machinist line, ranges 
all the way from cylinder-lock repair- 
ing to shrinking tires on a locomotive, 
tool making, indexing and heat treat- 
ing, turning large crankshafts and 
scraping in 30-in. valve seats, and from 
winding fan motor armatures up to 
those of 300-hp. size, both d. c. and a. e. 
The latter work included coil making, 


rebuilding commutators, dipping, bak- 
ing and practically everything con- 
nected with motor repairs. 

As far as cost is concerned no one 
has ever taken the trouble to figure 
overhead expenses for the repair shop, 
but I keep an accurate record of time 
and material and if this cost is one-half 
or less than an outside price, it is usu- 
ally done in our shop. 

Our equipment is not expensive but 
electrical energy for power and light 
is generated and, due to our many uses 
for exhaust steam, is considered much 
cheaper than purchased power. But 
service is paramount to everything else. 
Much of our equipment cannot be down 
for more than one or two hours without 
special arrangement. When motors de- 
cide to burn out, they do not wait for 
special arrangements to be made; 
therefore, we are forced to make our 
own coils, rebuild our commutators, 
etc., and carry a large stock of 
spare armatures, bearings, pinions, 
and the like. While the expense 
of keeping this stock is consider- 
able, I think it is more than offset 
by having plenty of time to do a thor- 
ough job of winding or repairing. My 
experience is that a job of winding 
which is hustled through at top speed, 
perhaps the winder working overtime 
all night, with a half-way job of paint- 
ing using the quickest air-drying var- 
nish obtainable, is a costly job. 

Compare the same repair job with 
one when more time is available. The 
winder will use more care and thought, 
if he is at all conscientious and the job 
will be better insulated; coils and com- 
mutator all tested out properly with 
megger; undercut, if this is necessary, 
dipped in high-class baking varnish 
with plenty of time for baking and, 
if necessary, a double dip and baking. 
Whatever length of time the first arma- 
ture requires, the second will run four 
times as long and will cost one-fifth 
more and be worth it. 

There is one more thing regarding 
the making or buying of coils, bearings, 
etc. I have waited from six weeks to 
three months for various parts to come 
from one of the largest manufacturers 
of electrical equipment in this country, 
and that length of time does not go in 
our plant. This makes it necessary to 
have the equipment for handling these 
repair parts and we use it, get famil- 
iar with it and devise ways and means 
to do this work as good and as cheaply 
as possible. Much of this work figures 
for time and material less than one- 
third of the manufacturer’s price, with 
the advantage of making the repairs in 
a few hours’ time. Furthermore, elec- 
trical troubles with armatures have 
been reduced about 50 per cent within 
eighteen months at our plant, which, 
after all, is the justification of our pro- 
cedure. 

There is probably more vital detail 
work connected with armature winding 
and repair than with any other repair 
work in an industrial plant. For in- 
stance, a commutator may be tested 
with a lampbank and show clear. But 
put a megger on it and it will show a 
different story. The average reading 
may be 50 megohms with two bars 
showing 6,000 ohms. This would show 
clear with a lamp test at 250 volts, but 
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something is certainly wrong and if it 
is not attended to, the result is a 
burned-out coil in a short time. 

Men who handle repair work must 
use a lot of common sense and watch 
tor every possibie cause of trouble. 
In wire-wound armatures care must be 
taken to prevent wires from crossing 
one another without extra insulation 
between them. Be sure that all leads 
are run parallel, that there are no 
burrs on the inside of teeth and that 
slot insulation is not damaged when 
putting coils in. Keep coil shapers and 
hammers away from an armature as 
much as possible; shape the coil and 
spread it with the hands as much as 
you can before putting it in the slots. 
Also, seal both ends of the commutator 
with just a small amount of Bakelite 
cement before winding, to keep out 
dirt and oil. Be sure the bands are 
tight while being soldered and that the 
first and last turn are bent around the 
clip and caught with solder. 

A most careful inspection when the 
work is completed will not always show 
up defects and with the average help 
available today if these details are not 
watched for while the winding is going 
on, more or less trouble is bound to 
follow. 

A man to have charge of electrical 
equipment, repairs, and winding must 
have some natural mechanical and 
electrical ability coupled with theoret- 
ical and practical knowledge in order to 
compete successfully with large repair 
shops, both in cost and lasting equip- 
ment. 

Where to find the above gem is al- 
ways a question. The man who highly 
educates himself technically does not 
want to dirty his hands in the prac- 
tical end, and the man who is the real 
practical stuff does not find the time 
to devote to a study of theoretical de- 


The top of the bench rests 
on pipe crossbars supported 
in slots. 
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tails of electrical and mechanical work. 
The few who are qualified to supervise 
these vital details are soon graduated 
to higher positions, leaving a place to 
be filled by one who may be less cap- 
able at the start but has chances of do- 
ing good work if he will properly apply 
himself. CHESTER A. WILLIAMS. 


Electrical Department, 
Providence Gas Company, 
Providence, R. I. 
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How to Make Adjustable Bench 
for Repair Work 


HE objectionable features of a 
bench which is too high or too low 
are overcome with the bench construc- 
tion shown in the illustration. This is 
suitable for almost any kind of repair 
or construction work in wood or metal. 
Inasmuch as the height of the top can 
be adjusted, this bench can be used 
with equal convenience when working 
upon large parts which require that a 
low bench be used so that the workmen 
can reach the parts without using a 
footstool, as well as when doing small 
assembly or other work in which the 
top of the bench must be reasonably 
high in order to avoid the necessity of 
stooping to an uncomfortable position. 
As shown in the illustration, the top 
is similar to that of the ordinary bench, 
while the legs are made up separately 
into a fixed stand. 

Between the legs of the bench at each 
end, a pipe crossbar is placed as shown 
in the sketch. Diagonal slots are made 
in the legs at intervals of two or three 
inches. The bench top is supported by 
placing the cross bars in the slot. 

Raising or lowering of the top is a 
simple matter of shifting the position 
of the crossbars in the slots. 
Washington, D. C. G. A. LUERS. 
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How to Make Nuts Tight Fitting 
and Prevent Stripping 


T IS highly desirable to have tight 

fitting nuts on all machines, partic- 
ularly punches and the like, where nor- 
mal jarring tends to work them loose. 
As a rule nuts are put on to stay, but 
where parts have to be changed occa- 
sionally, as when changing bolsters or 
replacing worn rolls, the nuts that were 


The threads are cut so as to leave 
a small space at the bottom into 
which metal can flow. 


originally close fitting soon become 
loose—a condition which is highly un- 
desirable. 

As a matter of fact, few threads pro- 
duced without special thought in the 
matter will stand screwing and un- 
screwing of a nut more than two or 
three times without loosening up. The 
usual directions given to machinists are 
“make smooth threads and get a tight 
fit.” And where directions are followed 
to the letter, stripped threads may be 
expected in a third of the applications. 

There is a method of making 
threaded fits which will give a lasting 
fit under practically any number of re- 
movals, a fit which is tight and re- 
mains so, which is proof against strip- 
ping. In the illustration (A) shows the 
outline of this thread. 

The secret of this “kink” lies in the 
flow of metals under pressure. It will 
be noted that there is a space at both 
top and bottom of the thread shape. 
Into this space the metal can flow when 
a tight nut is screwed on. If the nut 
and bolt are well oiled, any fit which 
can be screwed on with a wrench and 
not twist off the bolt can be made 
without stripping. It will be found 
that stripped threads (either with a 
die or a nut) result from clogging at 
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the top or the bottom of the thread. 
The space should be there, in accord- 
ance with good practice, but it seldom 
actually is, due to lack of attention. 
The importance of this space in making 
permanent tight fits is not generally 
known. 

A slight variation from this method, 
is that the male and female portions 
are cut at different angles, is shown ex- 
aggerated at (B). With such threads 
there is more room for flow; conse- 
quently a tighter fit is possible. 

DonaLp A. HAMPSON. 


Plant Superintendent, 
Morgans and Wilcox Mfg. Co. 
„ iddletown, N. Y 
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Truck Facilitates Handling of 


Heavy Armatures 


ARRYING heavy armatures to and 

from the repair shop and around 
tne plant without injuring them is not 
an easy matter. Everyone who has 
handled armatures on a flat truck 
knows that they will sometimes roll off 
in spite of all precautions to prevent 
this mishap. Also, it does not take 
much to damage the commutator or 
coils. 

The illustration shows a very handy 
truck which is used in the repair shop 
of a large plant, and has saved its cost 
many times over by preventing injury 
to armatures and making it easy to 
transport them around the plant. 

Two iron wheels were salvaged from 
the junk pile and joined, as shown in 
the illustration, by a piece of heavy 
bar iron bent in the form of an arch. 
The ends were turned down to form an 
axle for the wheels. A groove or 
recess was forged in the center of the 
arch, into which a heavy hardwood 
handle was fitted. The handle is, of 
course, securely bolted to the arch. Two 
bolts in the handle support the arma- 
ture. The first bolt, No. 1, is a long 
eyebolt, although it would probably be 
advisable, for convenience in handling, 
to make this bolt with a hook on the 
end. The other bolt should be made 
with a hook in the end and should pref- 
erably be suspended from an eyebolt, 
so that it will be free to swing. Both 
of the supporting bolts should be fairly 
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long and threaded for a good portion 
of their length so that they can be 
raised or lowered as desired. 

Several holes for these bolts should 
be bored in the handle so that different 
sizes of armatures can be accommo- 
dated. 


Oakland, Calif. S. H. SAMUELS. 


Repairing Electric 
Elevators 


(Continued from page 518) 


of used and rebuilt motors and the 
renting of motors came about in 
similar fashion. In the course of a 
few years we had accumulated a 
large number of motors which had 
come to us by direct purchase or 
through the replacement of existing 
installations with motors of greater 
capacity, and so on. As a matter of 
service to our customers we fre- 
quently had to install one of our own 
motors temporarily in the place of a 
damaged motor which was being re- 
paired. In addition, we received 
many inquiries from individuals and 
concerns who, for one reason or an- 
other, wished to rent one or more 

motors for a time. l l 

Starting in a rather small way, 
these branches of our business have 
grown to considerable proportions, 
and aside from the profits which 
they have made they have been of 
material assistance in carrying on 
the elevator repair and maintenance 
work which is the backbone of our 
business. 

Motor rental is handled, in gen- 
eral, in the same way as has been 
outlined in the preceding pages. 
That is, when we receive an inquiry 
for the rental of a motor, the form 
shown in Fig. 2 A is made out and 
filed. This shows the price quoted. 
If the inquiry comes from a terri- 
tory covered by one of our salesmen, 
he is given the white copy of the 
form and follows up the inquiry in 
person. Otherwise the rental price 
is confirmed in a letter. If our propo- 
sition is accepted the Rental Contract 
shown in Fig. 4 F is drawn up and 
signed by the customer and an offi- 
cial of our company. 

In our experience we have found 
this form of contract very satisfac- 
tory as it covers every phase of such 
a transaction so completely that 
there is practically no opportunity 
for any misunderstanding or dis- 
agreement to arise regarding the 


A truck like this makes it easy to 
transport large armatures and re- 
duces the danger of injury. 


rights and duties of each party to 
the contract. 

That is an important consideration 
in any transaction. 


Operation of Small 
Hoists 


(Continued from page 530) 


open the electrical circuit to the 
actuating coil of the contactor, this 
being known as the pilot-circuit type 
limit switch. The main-circuit type 
of switch is the more positive, but 
must be made heavy enough to with- 
stand the burning due to opening the 
motor circuit, whereas the pilot-cir- 
cuit type may be relatively small, 
since it handles only the actuating- 
coil current. 

The table on page 530 gives a sum- 


Laying Out Wave 
Windings 


(Continued from page 537) 


adjacent to and fall on the left side 
of the A: lead. In other words, they 
are in a counter-clockwise direction 
from A:. These two short-pitch con- 
nections are in the first section of 
which A: is the starting lead. Like- 
wise, there are two short-pitch con- 
nections in a similar position with 
reference to A: The latter are the 
short-pitch connections for the sec- 


ond section of which A: is the finish- 


ing lead. The same will be found to 
be true of the short-pitch connec- 
tions in the second phase. This gives: 

Rule 18—Adjacent to and in a 
counter-clockwise direction from the 
starting lead of the first section of 
a phase, will be found the slots from 
which start the short-pitch connec- 
tions for that section, and the com- 
panion slots will be one short pitch 
away measured in a counter-clock- 
wise direction for left-hand coils and 
measured in a clockwise direction 
for right-hand coils. Also, adja- 
cent to and in a counter-clockwise di- 
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This is a very compact arrange- 
ment of a small hoist having man- 
ual control with both lowering and 
holding brakes. 


In illustration A is shown the hoist as- 
sembled complete. In B the enclosures 
have been removed so as to show the 
mechanism. At (1) is the mechanical 
lowering brake which is of the screw 
and disc type. The motor is shown at 
the left and the cable drum is opposite 
at the right. The controller is at (2) 
in both B and C. It is operated from a 
chain which is driven by the sprocket 
on the control arm (3) in illustration 
C. At (1) in C is shown the holding 
brake which is operated mechanically 
by the control arm (3). The limit stop 
also e this brake in case of over- 
travel. 


mary of various accessories used on 
small electric hoists, indicating their 
relation to each other. 


rection from the finishing lead of the 
second section of a phase, will be 
found the slots from which start the 
short-pitch connections of the second 
section. The conductor adjacent to the 
starting or finishing lead will be a 
top conductor if the starting or fin- 
ishing lead is a top conductor, and 
the other conductor to which the 
short pitch connects will be a bottom 
conductor if the first conductor is a 
top conductor, or vice versa. This 
applies to a left-hand winding. In 
the case of a right-hand winding, the 
short-pitch connections will start 
from slots in a clockwise direction 
from the starting or finishing lead. 
(23) According to Rule 13 and since 
A; falls in slot 1, the first short pitch 
will connect the top conductor in slot 
32 and the bottom conductor one short 
pitch measured in a counter-clockwise 
direction from slot 32; that is, in slot 
25. According to Rule 5, there will be 
three short-pitch connections in the first 
section. These will be adjacent to each 
other; hence the top conductors in slots 
32, 31 and 30 will be connected by short- 
pitch connections to the bottom conduc- 
tors in slots 25, 24 and 23, respectively. 
The location of the short-pitch connec- 
tions for the sé-ond section of the same 
phase is found in a similar manner. 
The A, lead connects to the top conduc- 
tor in slot 25. Hence, a_short-pitch 
connection will be made between the 
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top conductor in slot 24 and the bottom 
conductor in a slot one short pitch 
measured in a counter-clockwise direc- 
tion from slot 24, that is, in slot 17. 
As explained above, there are 
short-pitch connections, hence, the top 
conductor in slots 24, 23 and 22 will be 
connected by short-pitch connections to 
the bottom conductors in slots 17, 16 
and 15 respectively. Since the start- 
ing lead, B, of the first section of the 
second phase is in slot 27, the short- 
pitch connections are in a similar man- 
ner found to be between the top con- 
ductors in slots 20, 19 and 18 and the 
bottom conductors in slots 13, 12 and 
11, respectively. Likewise, since B. 
falls in slot 13, the short-pitch connec- 
tions for the second section of the sec- 
ond phase are found to connect the top 
conductors in slots 12, 11 and 10 with 
the bottom conductors in slots 5, 4 and 
3 respectively. This data checks that 
given in the third line, eleventh column 
of Table I. 

The three-phase winding can be 
laid out in the same manner, except 
that to pick up the conductor to 
which the start of the C phase is 
connected, we must measure in a 
counter-clockwise direction from the 
A: lead a distance equal to twice the 
front pitch plus twice the number of 
coils per group. Also, the start of 
the B phase will be in a slot that is 
a number of slots measured in a 
counter-clockwise direction from the 
A: slot, equal to the front pitch plus 
the number of coils per group. If 
the winding is right-hand, the dis- 
tance will be measured in a clock- 
wise direction. 

The following is the calculation for 
the layout of a series-star winding 
for a three-phase, four-pole motor 
having forty-eight slots and forty- 
eight coils: 


(1) Number of slots—48. 

(2) Number of phases—3. 

(3) Number of poles—4. 

(4) Number of coils—48. 

(5) Number of sections, according 
to Rule 3, equals 2 X 3 = 6. 

(6) Number of coil groups, accord- 
ing to Rule 4 equals 3 X 4 = 12. 

(7) Number of coils per section 
equals 48 — 6 = 8, as is given in the 
third line, second column of Table VI. 

(8) Number of coils per group 
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equals 48 — 12 =4, as is given in the 
third line, third column of Table VI. 

(9) Number of short-pitch connec- 
tions, according to Rule 5, will equal 
[(48 — 4) + 3] -1=3. 

(10) The total winding pitch equals 
48 — 2 = 24. 

(11) The back pitch is equal to 24 
＋ 2 := 12, or a pitch of 1-and-13, as is 
given in the third line, fourth column of 
Table VI. 

(12) The front pitch is equal to 
24 12 = 12, or a pitch of 1-and-13. 

(13) The pick-up pitch is equal to 
12 ＋ 4-1 15, or a pick-up pitch of 
l-and-16. 

(14) The short pitch is equal to 
12 1 2 11. 

(15) This winding is to be wound 
left hand and the line leads are to con- 
nect to top conductors in the slots; 
therefore, the A, lead will connect to 
the top conductor in slot 1, which is 
the value given in the third line, fifth 
column of Table VI. 

(16) The B, lead will fall in a slot 
measured in a counter-clockwise direc- 
tion from the 4, slot, a distance equal 
to the front pitch plus the number of 
coils per group, or 12-+4—16. There- 
fore, the B, lead will fall in 1 + 16 = 
slot 17, which is the value given in the 
third line, sixth column of Table VI. 

(17) The C, lead will fall in a slot 
measured in a counter-clockwise direc- 
tion from the A, slot, a distance equal 
to two front pitches plus twice the num- 
ber of coils per group, or (2 X 12) + 
(2 X 4) = 32. Therefore, the C, lead 
will fall in 1 + 32 = slot 33, which is 
the value given in the third line, 
seventh column of Table VI. 

(18) The A; lead will connect to a 
top conductor in a slot that is a front 
pitch measured in a counter-clockwise 
direction from the A; lead. Therefore, 
the A; lead will fall in 49 -12 = slot 
37, as is given in third line, eighth col- 
umn of Table VI. 

(19) Likewise, the B. lead will fall 
in 17-12=slot 5, as given in the 
third line, ninth column of Table VI. 

(20) Likewise, the C. lead will fall 
in 33 — 12 = slot 21, as given in the 
third line, tenth column of Table VI. 

(21) As stated in item 19 in the 
preceding calculation and n to 

ule 7 the R, reversing jumper lead 
will fall a distance measured in a 
counter-clockwise direction from the 
A, lead equal to one pick-up pitch; that 
is, the Ni lead will fall in 49-15 = 
slot 34. Therefore, the R, lead will con- 
nect to the bottom conductor in slot 34. 

(22) According to Rule 8, the R: 
lead will fall one front pitch measured 
in a counter-clockwise direction from 
the first reversing jumper; that is, the 
R, lead will fall in 34- 12 = slot 22. 
It will connect to a bottom conductor in 
slot 22. 

(23) In a manner similar to item 
21, R, is found to fall in 17 15 slot 2. 

(24) Ina manner similar to item 22, 
R, is found to fall in 50 - 12 = slot 38. 

(25) R, will fall in 33 - 15 = slot 18. 

(26) R. will fall in 18 12 = slot 6 
Items 21 to 26 are given in the third 
line, eleventh column of Table VI. 

(27) According to Rule 13 and since 
there are three short-pitch connections 
per section, the first group of short- 
pitch connections will connect the to 
conductors in slots 48, 47 and 46 wit 
the bottom conductors in slots that are 
a distance of one short pitch mea- 
sured in a counter-clockwise direction 
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from the above slots; that is, in slots, 
37, 36 and 35 respectively. 

(28) In a similar manner the short- 
pitch connections for the second section 
of the A phase will be found to connect 
the top conductors in slots 36, 35 and 
34 with the bottom conductors in slots 
25, 24 and 23 respectively. 

(29) Likewise, the short-pitch con- 
nections for the first section of the B 
phase will be found to lie adjacent to 


Fig. 1—Method of locating the 
short-pitch connections. 
This winding is wound left-hand for a 


four-pole, two-phase machine. It will 
be noticed that the short-pitch connec- 
tions (marked with asterisk) start 
from slots adjacent to and in a coun- 
ter-clockwise direction from the slots 
to which the line leads connect. For 
example the short-pitch connections for 
the first section of the A phase start 
from slots 24 and 23, which are adjacent 
to and in a counter-clockwise direction 
om slot 1, to which the A, lead con- 
nects. 


the B, lead; that is, the short- pitch con- 
nections will connect the top conductors 
in slots 16, 15 and 14 with the bottom 
conductors in slots 5, 4 and 3 respec- 
tively. 

(30) In a similar manner, the short- 
pitch connections for the second section 
of the B phase will be found to lie ad- 
jacent to the B, lead; that is, the short- 
pitch connections will connect the top 
conductors in slots 4, 3 and 2 with the 
bottom conductors in slots 41, 40 and 39 
respectively. 

(31) The short-pitch connections for 
the first section of the C phase will lie 
adjacent to the C, lead; that is, the 
short-pitch connections will connect the 
top conductors in slots 32, 31 and 30 
with the bottom conductors in slots 21, 
20 and 19 respectively. 

(32) The short-pitch connections for 
the second section of the C phase will 
fall adjacent to the C, lead; that is, 
the short-pitch connections will con- 
nect the top conductors in slots 20, 19 
and 18 with the bottom conductors in 
slots 9, 8 and 7 respectively. The data 
given in items 27 to 32 inclusive is 
given in the twelfth column, third line 
of Table VI. 


The rules and explanations that 
have been given in the preceding 
pages will enable the winder to lay 
out any wave winding either right- 
or left-hand wound, and having the 
leads connected to top or to bottom 
conductors. It will pay the winder 
to construct a few diagrams in the 
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manner that has been shown until 
the different points peculiar to this 
type of winding are thoroughly 
mastered. The same procedure is 
followed in connecting a winding as 
is used in constructing the diagram 
and after the rules are once learned 
it is a simple matter to calculate the 
data or check a winding. 

In the concluding article of this 
series will be given tables and data 
for use on wave windings for rotor 
and for stator windings having 120- 


. deg. spacing between the line leads. 


Methods of laying out and determin- 
ing the overlapping phase belts in 
windings where the number of slots 
is not a multiple of the number of 
poles will also be discussed. 


Ways of Obtaining 
Variable Speeds 


(Continued from page 524) 


them in order to get the speed 
change. Their advantage lies in the 
fact that the change can be quickly 
made by merely shifting one of the 
pulleys across the face of the other. 
On the other hand, the friction sur- 
face wears rapidly and requires fre- 
quent renewal or maintenance. This 
is due to the fact that the parts of 
the faces of the two pulleys in con- 
tact with each other do not travel at 
the same rate of speed. 

No effort will be made here to de- 
scribe any of the various, special 
mechanical devices consisting of slid- 
ing arms or links which may be 
shifted and thus vary thé speed, that 
have been brought out. Many of 
these have been impractical “freaks” 
that did not get beyond the model 
stage or the patent office. In some 
types, which would operate, the wear 
is too great or other practical fea- 
tures are lacking which prevent them 
having extended use. 

In conclusion it may be well to 
point out that almost all machines 
have a one best speed for each kind 
or class of work. Also that in some 
cases this best speed will vary 
from day to day, due to climatic con- 
ditions. With provision for obtain- 
ing a variable speed the best and 
most effective operating speed can be 
obtained for each condition. 

Epitor’s Nore: Acknowledgment is 
made to the following companies for 
assistance in furnishing information 
and photographs for this article: 
Lewellen Mfg. Co., Columbus, Ind.; The 
Moore & White Co., Philadelphia, Pa.; 


The Oilgear Co., Milwaukee, Wis.; 
Reeves Pulley Co., Columbus, Ind. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 

writing to the manufacturer whose name and address are mentioned. lı 

is always advisable to state the name and number of bulletin or catalog 
desired, as given in these columns. 


Cooper-Hewitt Electric Company, 95 
River Street, Hoboken, N. J.—A 
32-page booklet entitled Work- 
Light” gives in a slightly technical 
manner an interesting discussion of 
the relation between work and illu- 
mination. Among the subjects dis- 
cussed are: Adapting light to a pur- 
pose; why Cooper-Hewitt is work 
light; work-light and its work; the 
economy of work-light; panning a 
work-light installation; the mainte- 
nance of work-light; the service be- 
hind work-light. 


The Safety Equipment Service Com- 
pany, 1104 Hamilton Avenue, Cleve- 
land, Ohio.—A booklet describes the 
Electro safety punch press guard. 
This affords protection to workers by 
requiring each of the one or more 
operators to press two push buttons 
simultaneously in order to trip the 
press and so assures that all have 
their hands out of danger. The book- 
let shows numerous illustrations of 
installations and also gives an in- 
stallation wiring diagram. 

The Martindale Electric Company, 
11709 Detroit Avenue, Cleveland, 
Ohio—Bulletin describes the Imperial 
Blow-er Clean which operates either 
as a portable suction cleaner or 
blower for removing dust and other 
accumulations from machinery, par- 
ticularly electrical installations. 


Buffalo Pulley and Caster Company, 
Inc., Buffalo, N. Y.—A folder de- 
scribes Belt-Grip leather pulleys 
which are made of solid leather discs 
and so give a leather-to-leather con- 
tact. 


Allan Manufacturing and Welding 
Company, Inc., Buffalo, N. Y.—A 
folder describes the Almanac electric 
welding and cutting equipment and 
accessories, such as electrodes and 
holders, shields and helmets. 


The Industrial Electric Company, 5230 
St. Clair Avenue, Cleveland, Ohio—A 
folder describes the Indian constant 
potential charging plant which is a 
motor-generator set with indicating 
and control apparatus, built to 
charge any sizes of batteries in one 
day. When being charged with this 
outfit, batteries are connected in 
multiple instead of in series. 


Armature Coil Equipment Company, 
2415 Forestdale Avenue, Cleveland, 
Ohio—A folder describes the insu- 
lated or bare strap copper bar bender 
which is made in two sizes. The 
smaller size takes stock % in. to % 
in. width and the larger machine han- 
dles bars 1 in. thick to 1% in. wide, 
without damaging insulation. 


Whiting Corporation, Harvey, III.— 
Type C electric solenoid brake, which 
is a quick- acting, powerful brake de- 
signed especially for crane service, is 
described in a special folder. This 
also includes the description of a foot 
brake. 


G. M. Bartlett, 2533 College Avenue, 
Indianapolis, Ind.—A folder describes 
the Bartlett angular transmission for 
transmitting power between two 
shaft ends at a uniform angular ve- 
locity ratio of 1 to 1 with shaft angu- 
lar displacement of 90 deg. or more. 
This can also be used with parallel 
offset shafts. Power is transmitted 
through a joint somewhat similar to 
a special universal coupling. 


W. A. Jones Foundry and Machine 
Company, 4401-4451 West Roosevelt 
Road, Chicago, [ll—Catalog 29 de- 
votes 250 pages to a discussion, de- 
scription and prices of Jones spur, 
bevel, mitre, worm and spiral gears 
with either cut or moulded teeth and 
spur and worm gear speed reducers. 
In addition there are several pages of 
general engineering data. 


The North American Manufacturing 
Company, Cleveland, Ohio—A folder 
describes the North American gas- 
electric portable blow torch and some 
of its various applications. This con- 
sists of a small electric blower to 
furnish an air blast in the gas mix- 
ture and will develop temperatures 
from 500 deg. F. to 2,500 deg. F. 


Pyott Foundry Company, 328 North 
Sangamon Street, Chicago, III.— 
Catalog 28 describes in 160 pages the 
line of cast-iron pulleys, sheaves, 
sprocket wheels, molded-tooth gears, 
power transmission machinery and 
special gray-iron and semi-steel cast- 
ings. 

Mutual Electric and Machine Company, 
Detroit, Mich—A folder describes 
the Bull Dog “Luminized” safety 
switch which has a permanent, lus- 
trous, aluminum finish on the switch 
box and is not only more visible in 
the dark through the reflection of 
light on its surface but also has a 
surface which is claimed to resist 
rust, acids and alkalies and to be 
easier to keep clean. 


Morse Chain Company, Ithaca, N. Y.— 
Publication 24 entitled “Large Power 
Drives” illustrates a number of ap- 
plications of Morse silent chains of 
100 to 5,000 hp. rating. 


Fairbanks-Morse and Company, Chi- 
cago, Ill.—Bulletin H-288 entitled, 
“Ball-Bearing Motors for the Textile 
Industry,” not only gives the con- 
struction and operation, but the ad- 
vantages obtained from ball-bearing 
motors, particularly in textile mills. 
This description includes the Type T 
motors for individual drives of looms 
and similar machines, Type H motors 
for two- and four-frame drive and 
Type EH enclosed and ventilating 
motors. for opener and picker-room 
drives and similar installations. 


Reed Air Filter Company, Inc., Louis- 
ville, Ky.—Bulletin 106 describes the 
Reed system of air filtration, which 
consists of drawing the air through 
a cell consisting of closely inter- 
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locked filtering media covered with 
a viscous, adhesive coating upon 
which dust and dirt are deposited. 
The cells may be removed and 
cleaned. Other bulletins discuss tests, 
specifications and data, and the use 
ot Reed air filters for general venti- 
lation, for ventilation of electrical 
equipment, for air compressors, in- 
ternal combustion engines and pneu- 
matic equipment and for drying op- 
erations and bacterial control. 

American Chemical and Engineering 
Company, 546 West Washington 
Street, Chicago, Ill—A folder de- 
scribes “Full Speed” pulley covering 
which consists of a fabric saturated 
with the compound and applied to the 
face of the pulley. This becomes 
hard and firm, is water-, oil-, acid- 
and fire-proof, and increases the fric- 
tion hold of the belt on the pulley. 

The Keystone Lubricating Company, 
Philadelphia, Pa.—A booklet entitled, 
“Send Him Back to Them—Safe,” 
discusses the advantages of the Key- 
stone manifold safety system of 
grease lubrication from a safety, fire 
prevention and industrial operation 
standpoint. 

The New Departure Manufacturing 
Company, Bristol, Conn.—A folder 
entitled, “What New Departure Ball 
Bearings Mean in Your Electric Mo- 
tor,” lists some of the advantages 
which it is claimed result from the 
use of ball bearings in electric mo- 
tors. 


Dodge Manufacturing Corporation, 
Mishawaka, Ind.—Folders describe 
the new Dodge-Timken roller hanger 
bearing and show cutaway as well as 
sectional views of it. Dimensions and 
prices are also given. 


Baker R. & L. Company, Industrial Di- 
vision, Cleveland, Ohio—Catalog 24 
on “Industrial Tractors and Trucks” 
devotes fifty-two pages to illustrat- 
ing, describing and giving the spe- 
cifications of the different types of 
industrial trucks and tractors, to- 
gether with a wide line of industrial 
applications. 


— — 


Anaconda Copper 
Mining Company 


(Continued from page 511) 


also in radio sets, in telegraph, tele- 
phone and in cable, in the piano, the 
talking machine, the automobile and 
in water service as plumbing pipe. 
They serve in over 50, 000 different 
shapes, each rust-free and - practi- 
cally everlasting. 

In the United States there is now 
a per capita consumption of almost 
15 lb. of copper compared with 3.1 lb. 
for Europe. 

The constantly growing demand 
by the public for better qualities and 
longer life in metal articles, the rap- 
idly growing tendency to use more 
electrical energy, and other develop- 
ments in science and industry indi- 
cate a steady growth in the demand 
for copper, not only in the United 
States but throughout the world. 
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Get this Story of A Different 
Flexible Coupling 


UST OFF THE PRESS, a complete, illustrated story of Fast’s 
J double engagement, positively lubricated FLEXIBLE 
Courtine. What It Is—What It Does—the Principle 
of Positive Lubrication — these three main subjects 
are treated at length, telling how and why Fast’s Coupling 
is different! Read how, without the use of leather, fibre, 
laminated steel pins, grids, disks, or other flexible ma- 
terials, it compensates for all errors of shaft misalign- 
ment; how it eliminates all whip and crank action; how 
it provides a greater degree of lateral float for the con- 
nected shafts; how its positive lubrication eliminates 
wear of the coupling itself; how its application is suitable 
for both high speed and heavy duty work. 


Write today for this valuable book. Get this complete 
story of a different flexible coupling — it has a direct 
bearing on the operation of your 
plant. It’s yours for the asking, 
without obligation. 


Write Today to 


THE BARTLETT HAYWARD COMPANY 


SCOTT and McHENRY STREETS 
BALTIMORE MARYLAND 


Or these Representatives 


BOSTON, MASS., Catun-Catpeg Co., 10 High St. NEW YORK CITY, H. R. Geicer, 350 Madison Avenue Sectional view of Fast's Flexible 

CHICAGO, ILL., Worrr & Company, Wrigley Bldg. PHILADELPHIA, PA., James M. Jenkins, 1015 Chestnut St. i : T 

CLEVELAND, OHIO, W. K. Eicner. Leader News Bldg. PITTSBURGH, PA. J. P. 5 Trust Bldg. at i 1 ad ig es 

eee, e mide SAN FRANCISCO, CALIF., Ouver B. Lyman, Cait Bune. ETE EFORT. SPME 

MONTREAL, QUE., Fraser & CHALMERS or CANADA, LTD. WILKES BARRE, PA., Mininc Equipment AND Suppty Co. gears, in a floating sleeve. 
Canada Cement Building Second National Bank Bldg. 
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Polyphase 
Induction 
Motors 


Type ‘‘AR’’ Squirrel Cage Motor 


Type “AR” and “ARY” motors are designed 
with exceeding ruggedness, cast steel in place 
of cast iron being a prominent feature. 


They are of the riveted steel frame type. The 
stator end frames and feet are integral and 
are made from electric steel castings, insuring 
a very rigid construction and eliminating any 
possibility of broken feet. 


The method of ventilation is very effective, re- 
sulting in even cooling and avoiding of hot 
spots. 


Shafts are very rigid and stiff, while bearings 
are of liberal design with spacious oil wells. 


Insulation is of highest grade, stator being 
treated with baked-on insulating varnish, mak- 
ing the whole structure dust and moisture 
proof. 


LLIS-CHALMERS MANUFACTURING o. 


MILWAU . wis. U. S. A. 
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ALLIS-CHALMERS 


Type “ARY” Slip Ring Motor 


Constant and 


Variable Speed 


60 and 25 Cycle 


PRODUCTS: 


Electrical Machinery 
Gas Engines 
Steam Engines 
Steam Turbines 
Condensers 
Oil Engines 
Hydraulic Turbines 
Pumping Engines 
Centrifugal Pumps 
Mining Machinery 
Metallurgical Machinery 
Crushing Machinery 
Cement Machinery 
Flour Mill Machinery 
Saw Mill Machinery 
Air Compressors 
Air Brakes 
Steam and Electric Hoists 
Farm Tractors 
Power Transmission Machinery 
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Another 
Example of 
Poor Wiring 


Where It Would Not 
Be Expected and Will 
Sometime Prove Very 
Expensive 


NDER date of October 22 I re- 

ceived the following letter and 
photo from E. S. Lincoln, a con- 
sulting electrical engineer at Port- 
land, Maine. It was evidently 
called forth by the comment on page 
461 of the October issue dealing with 
the wiring about transformers at 
the point where electrical service is 
brought into an industrial plant. 


I have noticed from time to time in 
INDUSTRIAL ENGINEER a number of pho- 
tographs exposing some undesirable 
wiring in the industrial plant. 

I am enclosing herewith a photo- 
graph taken in a central station which 
shows some pretty poor wiring for 
2,300-volt service. I can readily see 
how some industrial plants would slip 
up, since electric service is only one 
of their many troubles, but the central 
station has little excuse, as it is their 
main line of business. It is certainly 
surprising to see what some of these 
operating companies will do in the way 
of construction. 

In the last few years, however, there 
has been a decided change for the bet- 
ter and practically all of the large 
companies and a number of the smaller 
ones are bettering conditions every 
day. On the other hand, it would do 
some central station men good to visit 
some of their industrial customers and 
get a few pointers on first-class 
wiring. 

I am particularly glad that Mr. 
Lincoln has selected this horrible 
example of poor wiring from a cen- 
tral station installation for it goes 
to show that industrial men are not 
the only ones guilty of patching up 
a job that was already a mess before 
the patching operation began. I 


agree with Mr. Lincoln that in some 
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cases there may be some justifica- 
tion for the existence of these eye- 
sores of wiring in industrial plants 
where the man responsible for in- 
stallation work has a hundred and 
one things to do, with only one head 
and one pair of hands and not 
enough hours in the day to get to 
all the things he. would like to do. 
But when this is the case the op- 
portunity presents itself to show the 
boss the need for more help and the 
actual loss through accidents and 
lost time in production by allowing 
patched-up and temporary work to 
become permanent, by reason of 
the fact that nothing has happened. 
When the thing does happen that is 
expected, and time and natural wear 
and tear will certainly collect their 
due, the old saying about spilt milk 
will not only be true but prove that 
procrastination is the most relfable 
thief of good intentions that the 
world has ever known. And, too, 
no one ever gets much sympathy for 
excuses; it’s the fellow with less 
ability, perhaps, but with the “do- 
it-now” spirit who is considered the 
smart fellow and gets the raises. 


But don’t overlook the last sen- 
tence of Mr. Lincoln’s letter. There 
he gives to the devil and his hinder- 
most followers the credit that is due 
them. Some of the best. wiring I 
have ever seen, best because it shows 
care in layout and workmanship, has 
been in industrial plants and I had 
something to say about these in the 
articles on “Where Wiring Can Be 
Improved Around Machines,” in the 
May and June issues. 

We would like to show up more 
of the good wiring jobs that you 
men are proud of; so if you have 
an installation that you believe is 
up to date in particular respects, 
let us say something about it in IN- 
DUSTRIAL ENGINEER. 
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A Glimpse Into the Works of the 


Elgin National Watch Company 


Where by careful and accurate machine and hand-work gold, silver, platinum, steel, and brass are turned into high-grade 


watches, and every part, even to the smallest screw, 


ROBABLY few industries call 
for more perfect lighting than 
watch-making; also few re- 

quire such a combination of careful 
and accurate machine- and hand- 
work on small pieces. 
watch movements contain about 211 
separate pieces, about a third of 
which are screws, assembled to- 
gether between plates. The move- 
ments vary in size from the smallest 


ladies’ wrist watches about 0.7 inch 


in diameter to the 18-size man’s 
watch, which is about 1.766 inches 
in diameter. 

Watches today are vastly different 
from the early watches made about 
four hundred years ago, which were 
about the size of a large alarm clock. 
The first watch was made entirely 
of iron, in 1504, and was about 6 in. 
in height. It had only one hand and 
lost about an hour a day. Many of 
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the principles of the first watches 


and clocks, with refinements and im- 
provements, however, are still in- 
corporated in modern time-pieces. 
These are, for example, the time 
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is made interchangeable 


The first watch, made in 1504. 


Peter Henlein, a young locksmith ot 
Nuremburg, Germany, is credited with 
making the first so-called watch. This 
was spring-driven, about 6 in. in diam- 
eter, was made entirely of iron and lost 
about an hour a day. 


train, the balance wheel and for 
clocks, the pendulum. Much of the 
improvement has been in the escape- 
ment, which controls the action of 
the clock or watch to make it keep 
accurate time. 

The accuracy with which a watch 
must operate if it is to keep time is 
shown by the fact that the balance 
wheel must vibrate exactly five times 
a second or 18,000 times an hour. 
One more or less vibration an hour 
will make the watch run 4.8 seconds 
fast or slow a day, or 2.4 minutes a 
month. Much greater accuracy is 
expected from even moderate-priced 
watches and is required in watches 
used to control the operation of 
trains. 


The Elgin, Ill., factory of the Elgin 
National Watch Co., and its observa- 
tory. 


Two astronomers are in charge of the 
Elgin observatory where time is taken 
from the stars. This is used to check 
the timing of special, precision clocks 
enclosed in hermetically-sealed glass 
jars. These clocks are the standard for 
timing Elgin watches. The Elgin fac- 
tory consists of a group of buildings in 
the form of a large quadrangle. They 


are narrow with windows on both sides 
extending to the high ceilings, to give as 
much natural light as possible. Much of 
the handwork in a watch is performed 


under the magnifying glass; so lighting 


‘is an important consideration. 
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Watch and clock making requires 
a comparatively small amount of 
power as it is light manufacturing 
and much of it is hand-work. It does, 
however, require a degree of care 
and skill much greater than is or- 
dinarily required in most industries. 

One of the pioneers and leaders 
of the development of the watch and 
clock industry in the United States 


Some of the special machines required 
in watchmaking. 


When watchmaking became a manu- 
factyring process instead of handwork 
it became possible to standardize the 
parts and make them interchangeable. 
To do this economically has required the 
invention of many special machines. One 
of these, the automatic pinion turning 
machine, is shown below. Another, the 
automatic jewel setting machine (center) 
not only makes the setting but sets six- 
teen jewels a minute. Jewels, made 
from ruby or garnet, form the more im- 
portant watch bearings. Standard 
watches are made with seven to twenty- 
three jewels. One drop of oil a year 
properly applied, lubricates a watch. Dial 
making (right) is another Interesting 
nrocess. The operator feeds the Aiala 
into the front of the furnace and they 
drop out the back when finished. The 
numerals are then printed on and baked 
in. After the different parts of a watch 
are assembled, with the exception of 


balance, dial and hands, they go to the 
finishing room (lower right). Here ex- 
pert craftsmen inspect the work and 
finish the assembly. The movement is 
then tested and adjusted and is ready for 
use when inserted in a case. 


Two steps in watchmaking—ornament- 
ing the plates and (right) drawing 
hairsprings. 

The machine above ornaments ten watch 
plates at a time, with geometric scrol! 
work. It operates on the pantagraph 
principle and reproduces the movements 
of an electric stylus over a pattern or 
master plate. The various holes on the 
watch plate are represented by insulated 
inserts on the master plate. When the 
electric stylus touches these inserts the 
cutting tools are automatically lifted 
from all ten watch plates to avoid dam- 
aging these points. The earliest watches 
did not have a halirspring. Later pig 
bristles were used. In modern watches 
the accuracy is controlled by the halir- 
spring and balance wheel. These springs 
are drawn through a diamond die (right) 
which will draw 100 miles of hairspring 
wire before wearing out. The best steel 
dies will draw only 8 miles. 


is the Elgin National Watch Com- 
pany, Elgin, Ill. This was started 
in 1864 under the name of the Na- 
tional Watch Company by B. W. Ray- 
mond, a pioneer in mid-western in- 
dustrial enterprises. The company 
is now under the administration of 
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its fourth president since its organi- 
zation. Today it is producing about 
1,000,000 watches annually. The 
present plant, shown in an accom- 
panying illustration, employs about 
3,500 to 4,000 men and women. 
Watch-making was originally a 


hand process. The first successful 
attempt to make it a machine process 
was in 1840. Since then many im- 
provements have been made in the 
manufacture of watches and now all 
parts are made by machinery. This 
permits of standardized manufac- 
ture and interchangeability of parts 
in practically all American watches. 
A repair part that will fit can be 
purchased almost anywhere in the 
world and inserted by a competent 
watch repairer. 

There are 3,773 separate opera- 
tions in making a 23-jewel Elgin 
watch. (Continued on page 604) 
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WHEN a transformer 
is cut into service it 
does not move, revolve, 
or give visible evidence 
of what is going on. If 
the connections to it 
have been made incor- 
rectly the trouble may 
not show up until after 
serious damage is done. 
wf It is important, there- 
fore, that the connec- 
tions to a transformer 
be tested before it is 
put into service. In 
this article Mr. Staubitz 
gives the details of a 
few simple tests that 
will prevent accidents 
and damage to the 
transformer or its con- 
necting equipment. 


Practical Tests That 
You Can Use In 
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Checking and Testing 


Transformer 


Connections 


Including Ways of Determining Ratio, Polarity 
and Impedance and Things to Be Done Before 
Connecting or Paralleling Single-Phase or Three- 
Phase Banks of Transformers 


By L. P. STAUBITZ 


Chief Electrician, Laclede Steel Company, 
Alton, Illinois 


ANY interesting and practi- 
M cal problems are met in the 
operation of both single- 

phase and polyphase transformers. 
A transformer is usually thought of 
as being such a simple piece of appa- 
ratus that in many cases it is often 
considered unnecessary to make any 
tests before placing it in operation. 
However, a few carefully-made tests 
taken at the time of installation are 


good insurance against accidents or 
damage to the transformer and will 
greatly assist in making connections 
and solving any trouble that may 
arise. 

If a transformer is to be operated 
entirely alone on both the primary 
and secondary sides, practically the 
only tests needed would be the regu- 
lar insulation test, test of trans- 
former oil, and possibly a voltage- 
regulation test. If the transformer 
were installed on a public utility sys- 
tem the public service company 
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Here is a standard industrial type of trans- 
former installation used by one large com- 


pany. This bank of transformers is 
delta connected on both the high- and low- 
tension sides. In this article are given 
several precautions that must be observed 
before such a bank is thrown into service 
for the first time. 


would, no doubt, complete the other 
usual tests including magnetizing 
loss, which represents the amount of 
energy required to keep the trans- 
former alive without any secondary 
load. 

Where transformers are to be op- 
erated in parallel with others, a 
knowledge of the characteristics of 
the transformer, gained from tests, 
is of great value. 

If two transformers are to be op- 
erated in parallel it is necessary that 
they should both have the same po- 
larity; otherwise one transformer 
will short circuit the other with dis- 
astrous results. One way of testing 
for polarity—this method is often 
used but is not to be recommend- 
ed—is to connect the new trans- 
former to the bus on the low- 
voltage side and cut in the high- 
tension winding through a fuse. The 
lineman can judge from the manner 
in which the fuse is blown whether 
or not the transformer is of the cor- 
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rect polarity. Usually the polarity 
is known from the make of the trans- 
former, thus aiding the test. 

A better test can be made in the 
following manner: At any place 
where there is an alternating-current 
supply of the same frequency as the 
transformer under test, connect the 
high- and low-tension windings, as 
shown in Fig. 1, by an insulated wire 
so that the high-tension lead on one 
side of the transformer is tied to the 
low-tension lead on the same side of 
the case. Have all leads free from 
ground and not touching. Now apply 
a voltage of 110 or 220 volts to the 
high-tension winding. Be sure to 
apply this voltage to the proper 
winding. Then connect a voltmeter, 
having a full-scale reading approxi- 
mately fifty volts higher than the 
voltage of the test line, across the un- 
connected high-tension and low-ten- 
sion leads as shown in Fig. 1. If the 
voltmeter reading is less than the 
voltage of the test circuit the instan- 
taneous polarity is as shown by the 
arrows in Fig. 1 and the transformer 
is said to have subtractive polarity. 
The subtractive action is caused by 
the voltage induced in the low-ten- 
sion winding opposing the current 
trying to flow through the voltmeter 
from the two high-tension leads. If 
the voltmeter reading is higher than 
the line voltage, the polarity is as 
shown in Fig. 2 and the transformer 


220 Volts A.C. 


Subtractive 
polarity 
FIG. ! 


2,000 Volts A. C. 


Voltmeter: 


200 Volts A.C. 
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is said to have additive polarity. 
This is due to the fact that the in- 
duced voltage in the low-tension 
winding aids the voltmeter current. 
Unless the line voltage used for test- 
ing is very steady, it is usually best 
to perform this test with two volt- 
meters, using one as shown in Fig. 1 
and connecting the other across the 
source of power supply. 

Another way of testing the polar- 
ity of a transformer is to use a 
small storage battery and a milli- 
voltmeter of 500-millivolts range. 
Connect the storage battery to the 
high-tension winding of the trans- 
former as is shown in Fig. 3. The 


. Figs. 1 to 6—Methods of testing 
for polarity and how to parallel 
transformers of opposite polarity. 


In Fig. 1 two adjacent high- and low- 
tension terminals, Hi and Xi are con- 
nected together and a voltmeter is con- 
nected to the other two adjacent termi- 
nals, Hz and Xz. The 220-volt alternat- 
ing-current power is applied to the 
high-tension winding as shown. If the 
voltage measured on the voltmeter is 
less than the voltage applied to the 
high-tension winding the transformer 
has subtractive polarity, as shown in 
Fig. 1. If the voltage reading is greater 
than the supply voltage, the trans- 
former has additive polarity, as shown 
in Fig. 2. In Fig. 3 is shown another 
method of testing for polarity by using 
a storage battery and a direct-current 
millivoltmeter. In paralleling two sin- 
gle-phase transformers the connections 
should be made as shown in Fig. 4. If 
the voltmeter reads zero the voltmeter 
may be removed and the connection 
completed. Figs. 5 and 6 show the 
connections for paralleling two single- 
phase transformers having the same 
polarity and also the connections for 
paralleling them if they have opposite 
polarities. 


220 Volts A.C. 


polarity 
FIG. 2 


High tension 


low tension 
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millivoltmeter should be connected as 
shown in Fig. 3, with its positive 
terminal connected to the low-tension 
lead that is on the same side of the 
transformer as is the high-tension 
lead that is connected to the positive 
side of the storage battery. The 
high-tension side should be con- 
nected through a switch to the stor- 
age battery. On closing the switch 
the millivoltmeter will give a small 
defiection. If the needle is thrown 
up scale then the current flow and 
polarity of the two windings are as 
shown in Fig. 3; that is, the trans- 
former will have additive polarity. 

The flow of current in the primary 
winding is determined from the po- 
larity of the battery and is as shown 
by the arrow. The flow in the sec- 
ondary must be as shown by the 
other arrow if the millivoltmeter 
reads up. This then means that 
when current is entering the pri- 
mary through the left-hand lead, it 
is leaving the secondary over the 
left-hand secondary lead at the same 
instant. | 

Great care must be used to see 
that the millivoltmeter is discon- 
nected from the secondary winding 
before the battery switch is opened, 
as it would be ruined by the back- 
kick from the winding. The switch 
should be opened as soon as possible 
in order not to allow the current to 
build up to any higher value than 


DC. miliveltmeter- 


FIG. 3 
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115 Volts A.C. 
| 


High tension 


ZN 
low tension 


FIG.7 


necessary as the switch will draw an 
arc on being opened. 


VALUE OF MAKING RATIO TEST ON 
TRANSFORMERS 


The ratio test is of value in deter- 
mining whether the various taps are 
properly made. Where transformers 
are to be operated in parallel it is 
well to make a check on the voltage 
ratio. 

A simple way to do this if a low 
reading, alternating- current volt- 
meter is available, is to excite the 
high-tension winding from a 440-, 
220-, or 110-volt power source of the 
same frequency as the transformer 
and obtain simultaneous readings of 
the voltmeters across the primary 
and secondary windings. The ratio 
of the voltmeter readings is then the 
ratio of transformation of the trans- 
former. 

If a low-reading voltmeter is not 
available this test may be made as in 
Fig. 2 and the difference between the 
readings is the voltage produced by 
the secondary winding. Then the 
ratio of the reading of the line volt- 
meter to the difference of the two 
meters represents the transforma- 
tion ratio. 


How TO MEASURE THE IMPEDANCE 
OF A TRANSFORMER 


The relative impedances of two 
transformers have a great deal to do 
with their successful operation in 
parallel. The impedance voltage of 
2 transformer is the voltage required 
to cause full-load current to flow in 
one winding of a transformer with 
the other winding short circuited. 
The low-tension winding is usually 
short circuited and the voltage meas- 
ured on the high-tension side. While 
the impedance is determined by the 
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Figs. 7 and 8—Method of measur- 
ing impedance of transformers. 


In Fig. 7 the impedance of the trans- 
former is being measured by shorting 
the low-tension winding and applying 
115 volts alternating current to the 
high-tension winding. at the same time 
measuring the current and voltage im- 
pressed on the high-tension winding. 
The voltage divided by the current 
gives the ohms impedance. Fig. 8 shows 
an arrangement for connecting two 
transformers to obtain twice the sec- 
ondary voltage that would be obtained 
if the secondary windings were con- 
nected in parallel. 


voltage required to force full-load 
current through the transformer 
with the low-tension winding shorted, 
it is usually expressed as a percent- 
age of the normal, high-tension 
voltage. 

If the impedance of a transformer 
is unknown the following test will 
Fig. 9—Here is a mistake fre- 
quently made in connecting an 


open-delta bank. 


In the diagram on the right. the right- 
hand transformer is of opposite polar- 
ity to the other transformer in the 
bank. In consequence 189 volts is ob- 
tained across X, and X, instead of 
110 volts. The remedy is to reverse 
the leads X, and X.. 


Correct 
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determine it. The secondary leads of 
the transformer are bolted together, 
making a good electrical connection. 
An ammeter is placed in series with 
the high-tension winding and a volt- 
meter is connected in as shown in 
Fig. 7. The range of the ammeter 
will depend upon the impedance 
ohms of the transformers; for the 
smaller transformers, a meter of one 
or two amperes range will be suff- 
cient when testing with 115-volt 
power supply of the same frequency 
as the transformer. Power is ap- 
plied to the arrangement shown in 
Fig. 7 and simultaneous readings are 
taken of the ammeter and voltmeter. 
Assume that the transformer un- 
der test is rated at 75 kva, 
12,000/440 volts, 60 cycles, 6.5 amp., 
full-load current. On making the 
test shown in Fig. 7, the readings of 
the meters were 115 volts and 1 amp. 
Then, impedance volts— (full-load 
current X volts read) — current 
read = (6.5K 115) + 1 = 718.75. 
The impedance, however, is usually 
expressed as a percentage of the nor- 
mal high-tension voltage; hence the 
per cent impedance equals (718.75 — 
12,000) X 100 = 5.99 per cent. 


EFFECT OF CHARACTERISTICS ON 
PARALLEL OPERATION 


The two chief characteristics af- 
fecting parallel operation are volt- 
age ratio and impedance. It is, of 
course, necessary to have correct 
polarity of the two transformers be- 
fore any attempt at parallel opera- 
tion is made. 

If two transformers having the 
same impedance, but slightly differ- 
ent secondary voltages are paral- 
leled, heavy circulating currents will 
flow between the two transformer 
secondaries even under no-load con- 
ditions. The value of this cross or 
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circulating current may be deter- 
mined from the following formula: 


Per cent full-load current — dif- 


ference in secondary voltage X 100 
— sum of impedance volts of each 
winding. 

The impedance volts is the voltage 
required to force full-load current 
through the high-tension winding 
when the secondary winding is short 
circuited. The voltage difference and 
impedance voltage used in the above 
formula must all be referred to the 
same winding. 

In Fig. 4 let us assume that each 
transformer is rated at 200 kva., 
2000/200 volts, impedance of each 
transformer equals 10.5 volts re- 
ferred to secondary winding or 5.25 
per cent. With the transformers con- 
nected as shown, assume that the 
voltmeter reads 21 volts, indicating 
that there is a difference of 21 volts 
between the secondaries of the two 
transformers. Substituting in the 
formula given we find that the per 
cent of full-load current that will 
circulate between the two transfor- 
mers equals (21 X 100) (10.5 + 
10.5) = 100 per cent. Consequently 
the transformers would overheat 
badly if an external load equal to 
their rating were applied. 

Fig. 4 shows the manner in which 
the secondary voltage should be 
tested before paralleling. The volt- 
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meter should read zero in order to 
obtain the best operating conditions. 
The voltmeter used should be of 
double the range of the voltage of 
one transformer, for if the polarities 
of the windings are not alike the 
voltage will be double the rating of 
the one transformer. This test indi- 
cates the polarity as well as the volt- 
age difference of the two secondary 


Figs. 10 to 13—Methods of testing 
connections of three single-phase 
transformers which are to be con- 
nected to form a bank. 


In Fig. 10 the transformers are con- 
nected delta delta. In testing, the 
high-tension connections are completed 
as shown and the low-tension connec- 
tion between Xə and X, is made. For 
the arrangement to be correct, a volt- 
meter connected across X, and X. 
should show the same voltage as across 
the low-tension winding of one trans- 
former. The connection between X. 
and X, is then made and if the volt- 
meter, connected as shown in the dia- 
gram, reads zero, the connections are 
correct. At the left is shown the rela- 
tion between the voltages of the trans- 
former bank. Fig. 11 shows the same 
connection as Fig. 10 but the trans- 
formers have the opposite polarity as 
is shown by the marking of the trans- 
former leads and by the voltage dia- 
gram shown at the right. In making 
a delta-delta connection it is possible 
to make an error in connecting the 
transformers and thus have one trans- 
former with reversed polarity. This is 
shown in Fig. 13. In Fig. 12 is shown 
a star-star connection. In testing, the 
high-tension connections should all be 
made as shown and the low-tension 
connection between X, and Xs should 
be completed. For the connection to 
be correct, the voltage across Xz and 
X, should be 1.73 times the low-tension 
voltage of one transformer, that is, 
across X, and X.. X, is then connected 
to X, and the test repeated. 


High tension 


tension 


low tension 


FIG. 12 


Voltmeter.” 
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windings of the transformers tested. 

An ammeter or a current trans- 
former and ammeter may be inserted 
in the leads to determine any circu- 
lating current at no load. It is al- 
ways best to measure the load on 
two transformers placed in parallel 
to be sure that each is carrying its 
proper load. An open fuse or loose 
connection in one transformer might 
throw all the load on the other. 

If two transformers of the same 
rating have the same secondary volt- 
age but do not have the same per- 
cent impedance, they will not divide 
their loads properly. A 1,500-kva. 
transformer of 2.5 per cent impe- . 
dance was to operate in parallel with 
a 3,000-kva. transformer of 5 per 
cent impedance. In order to prevent 
the smaller transformer from over- 
heating due to carrying too heavy a 
load, because of the difference in im- 
pedance, it was necessary to insert 
reactors in series with the 1,500-kva. 
transformer so that its total impe- 
dance equalled 5 per cent. The load 
divisjon then was in proportion to 


the transformer ratings. 


If the impedance difference is not 
too great, it may be compensated for 
by a change in the voltage taps. The 
transformer having the lower impe- 
dance should have a lower secondary 
voltage. 

From the foregoing it is seen that 


5 low 
tension 


Xe X 
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in order to parallel two transformers 
it is necessary that the polarity be 
correct, that the voltage ratio be the 
same, and that the per cent impe- 
dance of the transformers be equal. 


TRANSFORMER CONNECTIONS FOR 
SINGLE-PHASE SERVICE 


Single-phase transformers may be 
connected for single-phase transfor- 
mation or in banks for three-phase 
operation. Many interesting combi- 
nations of connections may be ob- 
tained with both single-phase and 
polyphase connections. 

Fig. 5 shows two single-phase 
transformers of the same polarity 
correctly connected in parallel. Fig. 6 
shows two single-phase transformers 
of different polarity connected in 
parallel. 

A connection which is often of 
service is shown in Fig. 8. With this 
arrangement are used two trans- 
formers having their primaries con- 
nected in parallel and their secondar- 
ies connected in series. By this 
arrangement twice the secondary 
voltage is secured that would be ob- 
tained if the secondary windings 
were connected in parallel as usual. 
In this manner, 440 volts may be ob- 
tained in an emergency when only 
220-volt transformers are at hand. 
By using different-ratio transformers 
with this connection other voltages 
can be obtained. It makes a very 
good emergency connection. The 
load carried by the combination 
would be limited to the current-car- 
rying capacity of the secondary 
winding of one transformer. If the 
transformers are of different sizes 
the load should, of course, be limited 
to the carrying capacity of the 
smaller transformer. 


TRANSFORMER CONNECTIONS FOR 
THREE-PHASE SERVICE 


In connecting single-phase trans- 
formers in banks for polyphase op- 
eration, it is necessary to consider 
the characteristics of the various 
transformers. 

The usual three-phase transformer 
connections are the delta-delta con- 
nection, the star-star connection, the 
star-delta connection, and the delta- 
star connection. The first two con- 
nections are illustrated in Figs. 10 
and 12. 

In connecting transformers in the 
manner just described, care must be 
taken to make the secondary connec- 
tions correspond with the primary 
connections in regard to relative 
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polarities and phase rotation. If this 
is not done a short circuit may be 
caused with delta-connected secon- 
dary windings and incorrect voltages 
may be obtained with star-connected 
secondary windings. It is assumed, 
of course, that the transformers are 
all of the same ratio. 

If the primary and secondary 
windings of the bank of transform- 
ers are both to be connected delta or 
star, it is an easy matter to get the 
connections right. After the pri- 
mary leads have been connected up, 
test the secondary winding of each 
transformer to make sure they have 
the same polarity. Then connect 
the secondary leads from the three 
transformers exactly as the primary 
leads have been connected. If the 
transformers do not have the same 
polarities follow the instructions 
given in the following paragraphs. 

If the primary and secondary are 
not to be connected in the same man- 
ner, that is, if one is to be connected 
delta and the other star or vice versa, 
the method just outlined cannot be 
applied, because of the difference be- 
tween star and delta connections. In 
such cases, the primary windings 


Fig. 14—Transformer banks hav- 
ing dissimilar connections should 
not be paralleled. 


The diagram shows a delta-delta con- 
nected bank at the left arranged to be 
paralleled with the star-delta connected 
bank shown at the right. These banks 
will not parallel, due to their voltages 
being out of phase as is shown in the 
voltage diagrams. 
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should be connected up in the man- 
ner in which they are to be operated 


‘and the secondary connections tested 


out as follows. 

For delta- connected secondary 
windings, connect two secondaries 
together as shown in Fig. 10, 
that is connect X: of the left-hand 
transformer to X. of the center 
transformer. The connections be- 
tween X. and X: and at O are to be 
left open for the time being. 
Now measure the voltage from 


Xi of the left-hand transformer 
to X. of the center trans- 
former. It should equal the voltage 


measured across X: and X: or across 
X. and X.. If it does the connection 
is correct. If the voltage across X: 
and X. is about 134 times the voltage 
of one transformer, reverse the sec- 
ondary of either transformer, to cor- 
rect that condition. 

After having obtained the correct 
voltage between X: and X., connect 
X. to X: and measure the voltage be- 
tween Xi and X. as shown in Fig. 10. 
If the connection is right the voltage 
should equal zero. If the voltage 
is about twice the voltage of one 
transformer, the secondary of - the 
third transformer should be re- 
versed. 

For  star-connected, secondary 
windings connect Xi to X: as shown 
in Fig. 12, leaving open the connec- 
tion shown at O and measure the 
voltage across X: and X.. It should 


equal about 134 (exactly 1.73) times 
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the voltage across one transformer 
that is across Xi and Xs. If the volt- 
age measured across X: and X. 
should equal the voltage across one 
transformer, one of the secondaries 
must be reversed; that is X. must 
connect to X, and X: and X: will þe- 
come the line wires. 

After the first two transformers 
have been properly connected, one 
lead of the third transformer should 
be connected to the common wire of 
the other two transformers; that is 
X: of the third transformer should 
be connected to the wire connecting 
to X: and X: as shown in Fig. 12. 
The voltage measured between Xs 
and X. or between Xs and X: should 
be about 134 times the voltage of 
one transformer. If the voltage 
measured is equal to the voltage of 
one transformer then the connection 
of the third transformer is wrong, 
and the secondary of the third trans- 
former must be reversed. 

A connection using transformers 
of opposite polarity is shown in 
Fig. 11. The difference in the vec- 
tors of the secondaries should be 
noted. It will be seen that these two 
secondaries have the same phase 
angle but not the same polarity. In 
making a delta-delta connection it 
is possible to make an error in con- 
necting and thus have one trans- 
former in the bank with reversed 
polarity. This condition is illus- 
trated in Fig. 13 and if the bank 
were thrown on the line a very 
heavy, circulating current would 
flow which would blow the fuses or 
open the oil switch. This emphasizes 
the necessity of checking (as indi- 
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cated in Fig. 10) the last connection 
of the delta before completing the 
connection. 

Three-phase current may be sup- 
plied by the use of only two single- 
phase transformers connected in 
open delta. In connecting two trans- 
formers in open delta, it is necessary 
to observe the polarity closely, par- 
ticularly if transformers of differ- 
ent makes are used. This is shown 
in Fig. 9. It is possible to have 
nearly double voltage on one phase, 
due to incorrect connection. It 
should be observed that two trans- 
formers operating in open delta have 
only 86.6 per cent of the combined 
kva. rating of the two transformers. 
They should be loaded accordingly. 

In paralleling banks of transform- 
ers, the individual units must have 
the same ratio, polarity and per cent 
impedance and must also be simi- 
larly connected; that is, a delta- 
celta connected bank cannot be par- 
alleled with a star-delta connected 
bank, but should be paralleled with a 
delta-delta connected bank. 

The effect of the method of con- 


Figs. 15 to 17—Method of testing 
three-phase transformers for par- 
allel operation. 


In Fig. 15 the high-tension sides of 
both transformers are connected to the 
power supply after one low-tension term- 
inal of each transformer has been con- 
nected as shown. For the transformers 
to parallel correctly the voltages across 

and and across O and P should be 
zero. Figs. 16 and 17 show the effect 
of a transposition of low-tension leads 
in a three-phase transformer. Fig. 16 
shows the way the connections were 
given on the nameplate of the trans- 
former. Fig. 17 shows the way they 
were actually found. The voltage dia- 
grams shown below each figure give 
the voltage relations. As can be seen, 
phases B! and Ci would have to be in- 
terchanged on the low-tension side for 
parallel operation. 


C B A 


A’ A 
$ ° 
, Low 
B tension C B 


FIG. 16 


necting the transformers is very 
plainly shown by the connections in 
Fig. 14. Here are a bank connected 
delta delta and a bank connected star 
delta. The vector diagrams plainly 
contrast the difference in the phase 
angle of the two secondaries al- 
though the polarities of the second- 
aries are the same. The secondaries 
of these transformers could. not 
be paralleled due to this angularity 
of 30 deg. 

The two banks shown in Figs. 10 
and 11 are of opposite polarity as 
can be seen by the arrows in the dia- 
grams and by the voltage diagrams 
beside each figure. The secondary 
voltages of these two banks are 180 
deg. out of phase and, therefore, they 
cannot be paralleled. 

It is, then, a wise precaution to 
check up the relative polarity of the 
two banks of transformers before 
paralleling them. This may be done 
by connecting both banks of trans- 
formers on the high-tension side to 
the power supply. The low-tension 
sides of both banks are connected 
up as they are intended to operate 
but all of the parallel connections 
between the transformers should not 
be closed. One terminal only of 
each bank is connected to one of the 
common bus bars or parallel connec- 
tions. Then the voltage is measured 
from each of the other terminals of 
one bank to the corresponding ter- 
minal of the other. If the polarities 
are alike the voltage will be zero. If 
the polarities are reversed, the volt- 
meter will read double the secondary 
voltage in each case. The remedy is 
to reverse (Continued on page 602) 
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Maintenance and 
Operating Costs 


In the Manufacture of Prepared Roofing 
Together with Details of Production and 
the Equipment Required 


By J. L. McK. YARDLEY 


General Engineer, Westinghouse Electric 
& Mfg. Co.; Formerly Chief Engineer, 
The Beaver Board Companies, 
Buffalo, N. Y. 


O BRANCH of the building 

| \ supply industry provides 
more opportunity for studies 

in raw material procurement, manu- 
facturing operations and mainte- 
nance of equipment, and finished 
product distribution than does the 
manufacture of prepared or surfaced 
roofing, which is made principally 
from rag felt, asphalt and granular 
slate. This is necessarily not a lo- 
calized industry. In fact, it is most 
successfully conducted when its na- 


tional, or international scope is fully 
recognized. While in its application 
and selling ramifications it extends 
into the building industry in the re- 
motest corners of the country, in its 
production it associates and links 
several of the world’s most important 
industries while combining diverse 
raw materials. In the process in- 
volved in turning these raw mate- 
rials into the finished product, a wide 
variety of equipment is employed, 
and the maintenance problems are 
many and varied. 

Granulated slate is one of the im- 
portant constituents of roofing and 
it is usually preferable to mine the 
rock rather than quarry it. so as to 
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This shows the coated felt passing from 


the water-cooled cooling cylinders to stor- 
age on the stick-type looper shown in 
Fig. 1 on the next page. 


insure that it will be perfectly dry. 
Here is a crushing problem in which 
fine grinding is not desired. The 
granules must be uniform. Tests on 
samples of Vermont granules indi- 
cated that by weight 66 per cent of 
the product goes through No. 10 
mesh and on to No. 20; 23 per cent 
goes through No. 20 mesh and on to 
No. 30, and 11 per cent goes through 
No. 30 mesh. The detailed construc- 
tion costs of a Michigan plant hav- 
ing a capacity of 240 tons of gran- 
ules per 8-hr. day are given below in 
Table I. The equipment was selected 
with a view to having as large a per- 
centage as possible of the raw mate- 
rial crushed to exact size, with a 
minimum of fines and over-sized ma- 
terial. The property of about 400 ft. 
by 800 ft., containing about twenty 
acres, was leased. The cost of the 
crushing plant inclusive of clearing 
five acres of land, building an 800-ft. 
railroad siding and four-mile trans- 
mission line and the purchase and 
installation of 600 hp. in trans- 
formers, motors and control equip- 
ment amounted to almost exactly 
$150,000. 

This plant took a 15-min. peak 
load as well as an average of 450 kw. 
for the 8-hr. day at a cost of approxi- 
mately 2.53 cents per kw.-hr., making 
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a power cost of about 40 cents per 
ton. The material would be shipped 
at approximately $1 per ton, includ- 
ing labor and overhead. 

An analysis indicated that a fuel- 
oil-engine power plant would have a 
total installation cost of $100,000 
and a total yearly operating cost of 
$30,300 or 2.81 cents per kw.-hr. A 
steam turbo-generator power plant 
would have a total installation cost 
of $95,210 and a total annual operat- 
ing cost of $31,877 or 2.95 cents per 
kw.-hr. It would also require about 
1,000 gal. of water per minute for 
boiler feed and condensation pur- 
poses. It was accordingly found eco- 
nomical to purchase power, particu- 
larly as the power company agreed to 
return $6,500 by deductions from 
power bills. 


EQUIPMENT AND OPERATION OF 
ROOFING FELT MILL 


The manufacture of felt is similar 
to the manufacture of paper, where 
cylinder-type machines are em- 
ployed. The class of labor is the 
same and in general the machinery 
employed is the same as in the board 
mill. The felt machine usually em- 
ployed produces a roll 72 in. wide, 
which is slit into two rolls 36 in. 
wide. One difference is that the pulp 
mill and the extensive use of power 
in this industry is done away with, 
as the raw rag material does not re- 
quire grinding, although it does re- 
quire cutting into shreds and the 
cutter is the first machine the rags 
encounter in the flow sheet as they 
leave the rag storage. There are, of 
course, modifications due to local con- 
ditions but, in general, all felt mills 
are about the same. 

The usual felt mill is exceedingly 
inefficient in the use of power and 
steam. Felt mills are generally self- 
contained; that. is, they generate the 
power which is required, and largely 
as a by-product in obtaining the 
steam which is required in drying. 
This is a problem which is suscepti- 
ble of being worked out very nicely 
through the application of proper en- 
gineering principles. 

There is need for good consulting 
engineering in this industry and 
competition will probably make this 
still more apparent in the future. 


Some of the best mills produce a lit- 


tle more than a pound of felt for 
each pound of coal burned. Others 
which I have known are woefully in- 
efficient, requiring two pounds of coal 
per pound of felt. The reason for 
such a discrepancy is that the cost 
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Table I—Construction Cost of Slate Granulating Mill 


ITEM 


Railroad siding, 800 ft. at $50 per ft 


- Cost 
$ 4,000.00 


Clearing five acres of land at $200 per acre 
Construction of 4-mile transmission line, erection of trans- 


formers 


Cutting away rock from hill for mill site at $50 per yd 


Well, 5Q ft. deep 
Telephone installation 
Machinery complete 


for drills, buildings and heating boiler 


Motors and starters, 600 hp. at $25 per hp 

Installation of machinery and motors 

Mill building, including lighting system 

Combination office, supply room, first aid dept. and home.... 


Equipment for combination office... 


Machine shop building 
Machine shop equipment 


Change house and equipment for workmen 


Heating system and plant 
Concrete foundations 


Powder storage shed ............. 


Storage bins, material and labor 
Transformer station 


Plans, designs, specifications, engineering and construction 


supervision 


of power and steam, even when in- 
efficiently used in the self-contained 
mill, is still but a small part of the 
total cost of manufacture of felt. 
This is shown by the cost analysis 
given in Table II of a week’s opera- 
tion of a three-machine mill having 
a capacity of about seventy-five tons 


Fig. 1—Stick-type looper for cool- 
ing felt after saturation in roofing 
machine. 

In addition to cooling the felt this 
type of looper compensates for ir- 
regularities in the rate of produc- 
tion. As shown here the felt is 
being wound on a reel after passing 
through pull rolls, 


10,000.00 
$150,000.00 


of felt per day and an over-all valu- 
ation of approximately $1,000,000. 
Such analyses probably explain why 
power and steam losses have not been 
determined and corrected to the same 
extent that they have been in the 
paper-making industry, for example. 
It will also be seen from this table 
that the cost of maintenance and re- 
pairs is by far the largest item of 
expense for the total non-productive 
labor. 

Of the total of $2,135.62 for non- 
productive labor, $1,747.55, or 81.8 
per cent, was spent for repairs and 
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a 
Fig. 2—Finishing end of felt mak- 
ing machine, showing steam 


heated drying cylinders, which put 
the felt in condition for saturating. 


maintenance of equipment and 
buildings. This table is typical, al- 
though it covers a high-cost period 
during 1920 at which time a roofing 
plant on the Pacific Coast paid any- 
where from $126 to $146 per ton for 
felt locally produced and from $150 
to $185 per ton for Eastern felt. The 
Eastern felt included nearly $25 
freight to San Francisco and the 
Western felt, $5.50 from Los Ange- 
les or $1 from local source. A profit 
of $50 per ton for an output of sev- 
enty-five tons per day, means a total 
profit of more than $1,000,000 per 
year for the felt mill. 


LAYOUT AND OPERATION OF THE 
ROOFING MILL 


The layout of the roofing mill is 
of the utmost importance from a pro- 
duction point of view. Here the 
problem is to maintain and deliver 
a water-free felt to the saturating 
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machine, saturate it and coat it with 
asphalt and an even layer of slate 
granules at a high temperature, cool 
it and wind it into rolls or cut it 
into shingles for shipment. The total 
amount of power employed is small, 
being in the neighborhood of 60 hp. 
for a continuous saturating, coating 
and shingle-cutting unit. About 35 
hp. are required for the saturating 
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and coating machines and cooling 
rolls, 10 hp. for the cutters and 10 
hp. for the dryers when used in ad- 
vance of the saturating machine, and 
for the beginning rolls. Whereas in 
the felt mill the cylinders filled with 
steam were used to dry out moisture, 
in the roofing mill the usual function 
of the cylinders is to cool and harden 
the saturated and coated felt before 
it is rolled or cut into shingles, and 
for this purpose they are supplied 
with a constant stream of cool water. 
Usually, however, the cylinder cool- 
ers are supplemented or often largely 
supplanted by stick-type looper cool- 
ers such as shown in Fig. 1. 

The biggest machine output is ob- 
tained by entirely separating the 
saturating and coating processes. 
Splices may be made after the felt 
has been saturated. Spraying of the 
saturant on the felt is being consid- 
ered, although the usual method is 
to run the felt through a tank of 
saturant maintained at a suitable 
temperature by heating coils. The 
saturant temperature employed 
varies from 420 deg. F. to 350 deg. 
F. The latter is best practice, in 
which case two saturating machines 
are used for one coating machine. 
As a coating temperature of 360 deg. 
F. to 370 deg. F. is maintained by 
steam coils in the tank cars, high- 
pressure steam, above 150 lb. is nec- 
essary. The stick-type looper is gen- 
erally considered the best. It should 
be of ample capacity, particularly 
where located between saturating 
and coating machines in a continu- 
ous unit, for the purpose of prevent- 
ing momentary troubles at one ma- 
chine reducing the production of the 
other. A preferred layout would in- 
clude: 
SS SS. 


Fig. 3—This machine report gives 
a complete record of the eperation 
of a roofing mill. 
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Fig. 4—In these motor-driven 
beater engines the fibers of 
the waste rags are thoroughly 


disintegrated preparatory to 


being made into felt. 


(1) A looper for dry felt. 

(2) A simple saturating section and 
reel winder for saturating felt. 

(3) A conveyor so that a series of 
reels may be carried and set 
up in place for the coating 
section. 

(4) A coating section with another 


ooper. 

(5) A simple set of coating rolls, 
probably two, and means for 
distributing slate evenly upon 
the coating. 

(6) A stick looper with squeeze rolls 
installed in place for embed- 
dingethe slate. 


This equipment if installed on 
sound foundations with everything 
of the best should have an output 
for a single width machine of 300 
squares of slate-surfaced roofing or 
400 squares of smooth surfaced roof- 
ing per hour. A “square” is roofing 
sufficient for 100 sq. ft. of roof sur- 
face. At about 85 lb. for the one or 
55 lb. for the other, this represents 
an output of about 12 tons per hour. 
When manufactured into shingles at 
the usual 240 lb. per square, the out- 
put per hour is slightly over 100 
squares. These are usually shipped 
in four packages to the square. A 
daily machine report form covering 
the operations of the roofing mill is 
shown in Fig. 3. 


EQUIPMENT REQUIRED IN ROOFING- 
ASPHALT REFINERY 


The hourly output of one machine 
making slate-surfaced roofing will 
require approximately 3 tons of 
granules, 3 tons of felt and 6 tons 
of saturant and coating. These fig- 
ures give a rough idea of the produc- 
tion demand upon the granulating 
mill, felt mill and refinery. 

The industrial use of asphalt is 
growing rapidly. In the roofing 
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trade particularly, all guaranteed 
and first-grade roofing is made of 
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prepared felts saturated and coated 
with asphalt. In the saturation proc- 
ess use is made of an asphalt which 
is soft enough to impregnate the felt 
without excess, and a hard, high- 
melting point material is used as a 
coating, to protect against abrasion 
and weathering. The saturant is ob- 
tained by distilling crude petroleum 
and the coating is obtained from the 
impregnating asphalt, by a further 
process of oxidation, either by a vac- 
uum system or by blowing at high 
temperatures. The product is spoken 
of as a blown asphalt. The effect of 
the blowing or oxidizing treatment is 
to produce a coating material which 
may be looked upon as dehydroge- 
nated and condensed, so far as its 
molecular structure is concerned. 
This operation may be performed at 
the refinery and the blown asphalt 
shipped in drums. Coating obtained 
and shipped in this manner from an 
uncontrolled source has been about 


Table II— Operating Expenses of Felt Mill for One Week 


During this period there were 176 employees, and 398 tons of felt 


were produced. 


Productive Labor 


OPERATION OTAL PER Ton 
1. Sorting and cutting ................ $ 702.90 $1.77 
2. Beater men 1,233.22 3.10 
3. Trucking—beater room ............. 145.20 36 
4. Machine tendertrrr eke. 578.63 1.45 
5. Cleaning and oiliinin gg 56.65 14 
6. Testing and winding rolls........... 180.58 45 
7. Receiving ragahsasggggggggggggs 400.72 1.01 
8. Receiving paper 34.10 09 
9. Receiving coll 72.74 18 
13, 404.74 — $ 8.55 
Non-Productive Labor 
10. Repairs, rag cutting machines $ 115.50 $0.29 
11. Grinders, cutting knives ............ 31.24 .08 
12. Repairs to paper beaters ........... 7.62 02 
13. Repairs to rag beaters ............. 111.16 .28 
14. Repairs to chest 67.60 17 
15. Repairs to Jordans.................. 1.66 .005 
16. Repairs to sundry equipment ....... 113.72 29 
17. Repairs to No. 1 machine 58.97 15 
18. Repairs to No. 2 machine........... 51.91 13 
19. Repairs to No. 3 machine 42.38 11 
20. Repairs to machine room equipment. 12.18 03 
21. Engineer and fireman .............. 431.50 1.08 
22. Repairs to boilers ................-. 5.94 .015 
23. Repairs to stokers ................. 5.54 .015 
24. Repairs to boiler house equipment... 273.82 .685 
25. Repairs to pumps ...............08: 90.54 23 
26. Repairs to electrical equipment 58.08 14 
27. Repairs to motor 27.08 07 
28. Repairs to water tower 6.30 2 
29. Repairs to locomotive crane ......... 63.05 16 
30. Repairs to machine shop equipment. 4.56 01 
31. Repairs to machine rooms .......... 148.80 37 
32. Shipping laboacoeIoe nk 151.55 38 
33. Watchmen and janitors ............. 57.30 14 
„ f èð KK 127.63 32 
35. Miscellaneous building repair ........ 21.40 05 
36. Miscellaneous expense .............. 51.59 13 
i 22, 135.62 — 5.37 
Grand total labooaeoee r $5,540.36 $13.92 
Cost of rags at platform ............. cc ccc wees 78.00 
Cost of coal, two tons per ton of felt at approx. $4.00 8.00 
Total: cost of felt per - aoaoenn2kkkk $99.92 
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50 per cent more expensive than 
saturant. However, a number of 
roofing mills have found it prefer- 
able to avoid the expense of drums 
by shipping all asphalt as saturant 
and blowing the necessary coating 
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at the roofing mill, making as large 
as possible a use of tank cars. 
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coating asphalt demanded, there is 
a large field for refinery distillate 


The industry practically justifies a products in the manufacture of mas- 


refinery devoted primarily to its own 
requirements. In addition to the 
large tonnages of saturating and 


Table III Estimated Cost of Equipment of Crude Petroleum 
Refinery for Roofing Industry 


No. ITEM Cost 
Pf, bw dF lone ] ð k ĩðé K ew 8 $ 50, 250.00 
3—55,000 bbl. tanks, $25,000 each, $12,000 const........... 111,000.00 
38—12,000 bbl. tanks, 9,500 each, 3,400 const........... 38,700.00 
5— 5,000 bbl. tanks, 4,900 each, 1,650 const........... 32,750.00 
2— 2,000 bbl. tanks, 3, 100 each, 950 const........... 8,100.00 
2— 1,000 bbl. tanks, 2,000 each, 600 const 5,200.00 
1—60’x10’x4’ O. T. tanks, $2,200 each, $600 cone s 2,800.00 
1—6’x4’x4’ O. T. tanks 33... 8 250.00 
1— dia., © hig ] ð 8 350.00 
1—90 'x40’x12 O. T. tank, $17,000 each, $4,000............. 21,000.00 
2—30’x15’x12 O. T. tanks, 2,000 each, 600 5,200.00 
1—Separator, $4,000 each, 51, 200b᷑᷑ . .:. 5, 200.00 
6— Stills, 42 X 146“, $7,000 each, 52, 10ũmu uu cc eee 54,600.00 
38—Stills, 30’x5’, $3,000 aan ))) E E E E ae 11,250.00 
1—Water tower, 50,000 gaaaallaũddll 12,000.00 
3—350 12 B. & W. boilers, $28 per hp., $15,000 each...... 45,000.00 
1—2,000 hp. Swartout boiler feed heater, $1,750, const. $422. 2,172.00 
2—Foster super heaters, 10,000 lb. capacity, $4,700, const., 
$420 $2,000 ws eb erika aia E T TARASA 11,820.00 
26—Hammel fuel oil burners, $40.00 eae nn | 1,040.00 
1— Hammel fuel oil set, Gxâsä xðVeſeſ ccc cee ee wee eee 1,850.00 
1—W. S. compound pot valve plunger pump, 14”x25”x10”x24” 10, 500.00 
4—W. S. piston pot valve pumps, 14“ Xx 10% X18“, $2,500.... 10,000.00 
2—W. S. piston box pumps, B. L. 14”x1019"x18", 52,950 5,900.00 
3—W. S. piston box pumps, B. L. 9x7 “x 157, $2, 2000 6,600.00 
2—W. S. plunger pot valve pumps, B. L. 10”x 7”x18”, $2,400. 4,800.00 
1—Buffalo Underwriters fire pump, B. L. 18”x10"x12”...... 2,090.00 
2—Box B. L. 744”x6”"x10”", 8550.00 J 8 1,100.00 
3—Kinney pumps, motor size 12-8-8, strainer, $2,662....... 7,986.00 
2—Motor-driven water pum[dtr sds... 1,200.00 
2—Motor-driven geared oil pumps for trapszzz 1,200.00 
6—3” Fisher governors, $65.00 .......cccccevccecsccccees 390.00 
2—No. 4 P. H. & F. M. Roots gas exhausters 3,246.00 
1—3-ton ice plant 
1—400’ wharf and approach 54,000.00 
Buildings eempllekeesees BEA eee 73,600.00 
Still and condenser foundations—brick work........... 38,850.00 
3,900 ft. switch track, $6.00 per fꝶ ii 23,400.00 
2—10” water fr,, 4.0 Mae Re Rewer oa 4,700.00 
1—River water filter plante eee ee eee eens 4,450.00 
Lumber—form and scaffoldinßSn P 1,850.00 
Pee EEEE ... oe eG es 75,454.20 
Pipe fittings and pipe covering .......... ccc cece eevee 44,463.76 
46— 5 beams —15 lb. 40’ long, 77, 280 lbs. at 5 cents lo 3,864.00 
Steel stairways and walkways J ĩͤ d 1,052.00 
710 ft Cyclone T ener. wi RS Baws 1,313.50 
2—200-kw. generators, turbine. 22,600.00 
1—O1l. ‘trap, TC be enn shone Cha eww eee 6,724.00 
Electric light and motor installatibon nnn 11,797.00 
2— Air eeomprfes oss oe AR CSS 10,000.00 
2—Radial brick stacks, 125’x90” at $8,724................ 17,448.00 
r ⅛ y Rae 14,000.00 
Machine shop and equipment, tools, complete. 11,438.42 
Electric welding out fits ees 2,460.00 
Foamite installation „ 48,790.00 
Local telephone System ........ ccc cece cece cee ee eee 3,500.00 
12—Houses and bunk house and dining room............... 48 000.00 
748— Piles and driving 11,168.00 
Concrete mixer with gasoline engin. 1,300.00 
Team- Mules cea Yeas ea teak y ee en 600.00 
| Wagon, plow, scrapers and mowing machine........... 1,280.00 
2—-Concrete tanks, 30’x60’x4’, for water 4,875.00 
Rope. blocks, shackles, shovels, picks, wheelbarrows, etc. 2,000.00 
2—Trucks, one 5-ton and one 2-ton White. 7,300.00 
Automobile—Ford > i523 6665 5.8 6466 a ee cs RSS 500.00 
Laboratory testing equipment ))%%%%CFͤͤĩͤ coe oka 1,840.00 
Steam hoisting engine nnn 4,000.00 
Roads, sidewalks, sewers, ditching, etc. 810.00 
Cement sidewalks Saas E ot Ge cae A EEE E E EAER E 2,171.00 
Material and labor for equipment not shown........... 10,000.00 


EREE keressen 1,047, 142.88 


tie eushions for roofing tile, roof re- 
pairing cements, and cold roof 
paints. These products are manu- 
factured with very small labor cost. 
A Pacific Coast plant during 1920 
with only five men in the paint fac- 
tory and with suitable equipment in 
less than 4,000 sq. ft. of space had 


a monthly capacity of 12,000 gal. 


black, 5,000 gal. red, 5,000 gal. green 
and 8,000 gal. brown roofing paint, 
15,000 gal. shingle stains, 8,000 gal. 
concrete paint and 40 tons of elastic 
cement. 

Detailed costs covering one week’s 
operation of a four-machine roofing 
mill, disclosed several facts which 
are perhaps typical of such a plant 
and indicative of results which are 
sometimes obtained actually, as com- 
pared to what it appears might be 
obtained. The operation was one 
full shift for six days per week. 
Notable points are that for seventy 
machine-hours the machines were 
down because of no working orders; 
for one-fifth of the remaining avail- 
able time, the machines did not de- 
liver output owing to miscellaneous 
delays. The machines actually 
worked in production a total of only 
approximately 12614 chine-hours 
during the week. They produced in 
that time a total of 23,817 squares 
of smooth and slate-surfaced roof- 
ings, 9,03814 squares of which went 
into shingles. While producing their 
ouput was at the rate of only 188 
squares per machine-hour and at a 
total labor cost of 2414 cents per 
square. 

The cost of maintenance and re- 
pairs during this period is also of 
interest. Of a total of $5,840.11 
chargeable to roofing production, 
$2,918.32, or approximately 50 per 
cent, was non-productive labor cost, 
such as yard labor, drivers’ and 
chauffeurs’ wages and so on. Of this 
non-productive labor, in turn $713.15, 
or 24 per cent, was charged to main- 
tenance and repairs to buildings and 
equipment. 

The amount and character of the 
equipment required for a crude pe- 
troleum refinery, for the roofing in- 
dustry, with a yearly capacity of 
1,138,800 bbl., is shown in Table III. 
This refinery was designed for a lo- 
cation on the lower Mississippi. It 
is laid out for the receipt and stor- 
age of crude oil from tankers and for 
the rail shipment of the refinery 
products. (Continued on page 601) 
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Modern Practice 
In the Use of 


Shelves and Racks in 


Industrial Storerooms 


USTRIAL ENGIN 


For Storing Miscellaneous Repair and Maintenance 
Parts and Supplies as Well as Material both Be- 
fore and After Manufacture and Between Opera- 
tions During Work in Process 


ACTORY housekeeping de- 
F pends upon having adequate 

and proper storage space. It 
is impossible to go far in attempting 
to retain factory material, tools and 
supplies in orderly arrangement 
without storage facilities. For this 
purpose bins, open or closed types of 
shelves, and racks are most common- 
ly used, not only because of the neat 
arrangement possible, but also be- 
cause they multiply the amount of 
storage possible on a given floor 
space. Shelves from four to ten 
tiers high, provide storage space of 
approximately that many times the 
amount which could be stored on a 


— + 


By FRANK E. GOODING 
Associate Editor, Industrial Engineer 


similar floor area. This is a big ad- 
vantage, as floor space is expensive. 
Also, when materials are stored to- 
gether in good order they can be in- 
dexed, and located much more easily 
than if it were necessary to search 
around for them. Permanent stor- 
age spaces enable this to be done, 
whereas, if the material was promis- 
cuously piled around on the floor, it 
would not be as easily nor as likely, 
to be indexed or located so spe- 
cifically. Other advantages will be 
brought out later in this article. 
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STEEL SHELVING has be- 


come almost a necessity in in- 


dustrial storeskeeping because mMm 


— * 
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of the multitude of 
materials and supplies handled. 
Among the most important rea— 
sons for this are that it is non- 
combustible, conserves floor 
space and is easily converted 
into compartments suitable 
both to the commodity stored 
as well as the quantity handled. 
Other advantages and applica- 
tions are discussed in this 
article. 


With miscellaneous material it is often 
desirable to make compartments in a va- 
riety of sizes, as above. Valuable material 
may be locked in the cabinets. 


Wood and steel are the materials 
most commonly used for the con- 
struction of storage shelves. The 
objection that is raised against the 
use of wood is that it is combustible 
and will help feed any fire ‘which 
may get started in the storeroom, 
even though the material stored is 
non-combustible. A fire will destroy 
or at least decrease the value of 
practically any line of material 
stored. Many manufactured parts 
when stored have a thin coating of 
oil which helps to retard rusting. 
This soaks off into the wood and 
makes it a still more dangerous fire 
hazard. 

Also wood storage shelves cannot 
be made as strong in the joints. 
Neither can they be made, easily, in 
a form which can be knocked down 
for shipment, erected anywhere and 
then dismantled to be moved and 
erected again. Another objection is 
that after making wood up into bins 
or cabinets, it is practically impos- 
sible to enlarge the spaces without 
destroying or entirely rebuilding 
the bins. Other disadvantages may 
be easily seen from the contrast to 
the advantages of steel which will be 
given later. These, together with 
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Some Typical Installations of Steel Shelving 
How This Equipment Is Used in Thirteen Plants 


An example of ledge-style of closed shelving 
with bin front to carry cards indicating contents 
and divided into various sizes of compartments 
for handling miscellaneous material. 


B—An example of open-type shelving for pattern 
storage with permanent movable ladder. 


C—Pressed steel bar rack for storing pipe, shafting mone ‘wut fi Tt Luis. 
or steel bars. The arms are adjustable in height. s 
: n aun bn MOLLAR eb 


D—Open-type shelving supporting a heavy load of 
lithographing stones. The shelving is built 7 a Wia, Qo o pE S aii Fiti 


around a locker installation in the far end of a os: ug att any 
the room. 1 aby 1 


E— These closed shelves with large bin front suv- 
port about 3,000 pounds of brass valves per shelf. 


F—For storing extra long material two to four 
units of shelving are placed together without 


backs. 


G—Closed shelving provided with drill inserts 
instead of shelves for use in a tool room. Each 
compartment has a hook for the brass check 
which shows who has received a tool. 

H—A good example of a well-arranged store-room 
which is served by an overhead traveling crane. 
The first unit at the right shows how long ma- 
terials may be stored. 


—This shelving is made of 12-gage steel designed 
to carry a load of 500 lb. per sq. ft. The ledge, 


however, is meant to work on and not as a place 
to pile material. 


J—An example of convertible ledge style 
closed-type shelving with bin front in the lower 
sections and dividers making a variety of sizes 
of open compartments in the upper section. 

K—An example of double-ledge shelving which 
gives considerably increased depth to the lower 
shelves. 

L- This shows how neatly miscellaneous materials 
may be arranged on open or skeleton shelving. 

M Instead of subdividing the shelves into com- 
partments, this concern has standardized on units 
3 ft. wide, 3 ft. deep and 11 ft. high with steel 
boxes for storage of small articles. The shelves 
are spaced as required and have a .in. x l-in. 
channel reinforcement front and back. 
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advantages of 
steel over wood are well shown here. 


A gain of 20 per cent in storage ca- 
pacity is made by using steel boxes in- 


The space-saving 


stead of wood. Also the steel boxes 
are slightly deeper. The same ad- 
vantage is obtained in the use of steel 
shelving instead of wood. In addition, 
steel shelving is noncombustible, does 
not loosen at the corners and will not 
wear from contact with sharp ma- 
terials. 


the additional fire hazard, have made 
wooden shelves and storage racks or 
bins less desirable. Still, they are 
often put in “temporarily” and all 
together too often are permitted to 
remain. Practically the only ad- 
vantage of wooden equipment is that 
it can be home-made. This ad- 
vantage is, however, often more than 
offset by its undesirable features. 
Also, even though such equipment is 
home-made this does not always 
mean that its cost is low. 

Steel construction has so many ad- 
vantages, however, that it is prac- 
tically the only recommended ma- 
terial for bin or shelf construction. 
The first of these advantages is that 
steel is non-combustible. It does 
not soak up oil from machine parts 
in storage and so become combus- 
tible. Accumulations of dust or oil 
can be cleaned off at any time the 
bin is empty, if desired. Probably 
the next most important advantage 
of steel is in the ease with which it 
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can be set up, added to or dismantled 
for re-assembly somewhere else. 

Several types of standard shelv- 
ings are available, some of which 
are shown in the accompanying il- 
lustrations. In general these may 
be classified as closed types, when 
sides and backs are added and the 
shelves further subdivided into bins, 
and open-type shelving without sides 
or back. These are made to provide 
for several standard depths. The 
shelves near the floor are usually 
larger and are used to take care of 
the heavy materials or those which 
are in large quantities. Sometimes 
the bottom shelf rests on the 
floor or is left out so that the ma- 
terial rests directly on the floor. 
Usually it is better to set the bottom 
a few inches from the floor, particu- 
larly if on concrete floors which are 
to be cleaned by flushing with a 
hose. Under ordinary conditions a 
dust-proof setting may be made by 
keeping the bottom shelf off the floor 
a few inches and putting a bin 
front, which will be described later, 
under the front edge to close it off. 
In many cases, however, when this 
space underneath is left open it 
merely becomes a “catch-all.” 

One manufacturer makes closed- 
type shelving in the following 
standard dimensions: Standard unit 
heights of 4 ft., 5 ft., 6 ft., 7 ft., 8 ft. 
and 10 ft.; standard unit depths of 
11 in., 1434 in., 18 in., 24 ½ in. 
and 30½½ in.; standard unit widths 
of 18 in., 24 in., 30 in. and 36 in. 
These may be used to make a variety 
of combinations, or units with as 
many shelves as desired inserted. 
The frame, back and side pieces 
are punched so as to permit of the 
shelves being spaced with a vertical 
adjustment of 2 in. or 3 in., depend- 
ing on type. Each shelf is fastened 
to the two end pieces and also to the 
back. In addition, it is either 
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Make-up of three units of closed - 
type steel shelving. 


The sections or units are separated 
by uprights extending from the floor to 
the top or distance A. The width of 
the unit is indicated by C and the depth 
by E. In this case a separate ledge, 
with a depth D and height B, is at- 
tached to the front, which increases 
the capacity of the lower compart- 
ments. The number of the compart- 
ments may be increased by adding di- 
viders. Here the bottom plate rests on 
the floor. Sometimes it is omitted; in 
other cases it is raised 3 in. from the 
floor and a bin front inserted to close 
opening. Swinging and sliding doors, 
bin fronts’ and card holders may be 
used as shown. Frequently units are 
placed back-to-back, double-faced, to 
conserve space. 


crimped or bent in such a way as to 
brace it along the front. For very 
heavy loads special bracing, angle- 
iron reinforcement in some cases, 
is inserted in the shelves to add 
strength. 

The shelves may be further sub- 
divided into sections or compart- 
ments by vertical dividers which are 
also spaced on 2- or 3-in. adjust- 
ments, the same as the vertical ad- 
justment. These dividers are sup- 
plied in different heights in the same 
increment as the vertical ad- 
justment spacing. To change the 
size of a compartment, it is only 
necessary to move a shelf up or down 
and increase or decrease the dividers 
both in height and in number to get 
an entire change in the shelving. 
This can usually be done without in- 
terfering with the remainder of the 
section. 

When it is desired to make the 
lower shelves deeper a ledge may be 
added to the bin front. These are 
usually 3 ft. high and are made by 
one manufacturer in standard 
depths of 6 in., 9 in., 12 in. and 15 in. 
This gives (Continued on page 602) 


A typical industrial installation of 
steel shelving. 


All units in this installation are 3 ft. 
wide, 3 ft. deep and 11 ft. high with 
vlete uprights. The shelves have a 
%-in. by 1-in. channel reinforcement 
front and back. The lower shelf is left 
out and the space used for steel boxes 
on casters. The top of shelves should 
be 18 in. below sprinkler heads. 
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Three-phase motor driving a lathe and 
protected by a three-pole circuit breaker 
which has overload and no-voltage fea- 
tures and is non-closable on overload. 
This photograph was taken in the shops of 


Points to Consider 
When Using 


Maxwell Motor Company, 


Circuit Breakers for 


Feeders and A. C. Motors 


Together With Details of the Range of Protection 


That Can Be Provided 
ting Conditions 


By JAMES H. WYATT 


Assistant Engineer, Cutter Electrical & 
ARNAT TE 5 Phila 
delphia, Pa. 

ROTECTION of alternating- 
P current motors by means of cir- 

cuit breakers requires some 
features which are not necessary in 
protecting direct-current motors. 
The latter subject was treated in an 
article by the writer in the Novem- 
ber, 1923, issue of INDUSTRIAL ENGI- 
NEER. The following article covers 
the same ground with regard to al- 
ternating-current motors. It also in- 
cludes the protection of feeders for 
light or power service. 

Single-phase, alternating-current 
motors may be protected in the 
same way as direct-current motors. 
It is true, however, that the starting 


Under Different Opera- 


currents of single-phase motors are 
usually higher than those of direct- 
current motors of the same rating, 
and this fact must be taken into con- 
sideration when choosing a circuit 
breaker. 

In the use of circuit breakers for 
the protection of polyphase motors, 
due consideration must be given to 
the characteristics of the particular 
motor in question with special refer- 
ence to the current required in 
starting as compared with that re- 
quired by the normal load of the mo- 
tor. This ratio will be found to vary 
considerably with different types of 
motors and different methods of 
starting. Oudin, in his book on 
“Standard Polyphase Apparatus and 
Systems,” gives the data in Table I 
for some makes of motors with 
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PROTECTION NEEDS for 
circuits and equipment are 
largely determined by the 
operating conditions met 
with in an industrial plant. 
When installing a circuit 
breaker for any purpose the 
range of operating condi- 
tions should be thoroughly 
understood. Among the 
things that must be consid- 
ered are the nature of the 
load, the kind of motor used, 
the method of starting, the 


method of control and the 


class of operator. This ar- 
ticle analyses the influence 
of each of these factors and 
then points out the suitabil- 
ity of various types of break- 
ers to meet different condi- 
tions. Alternating - current 
service only is considered 
here, since a similar article 
on direct-current service was 
published in the November, 
1923, issue of INDUSTRIAL EN- 
GINEER. 


short-circuited armatures started at 
various percentages of the full-line 
voltage by means of auto-trans- 
formers or compensators employed 
to reduce the voltage at the termi- 
nals of the motor during the start- 
ing period. 

From the data in Table I it will 
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be seen that when a motor of the 
short-circuited or squirrel-cage type 
of rotor is started by being thrown 
directly across the line, the starting 
current may be as much as seven 
times the full-load current. It is 
quite common practice to start mo- 
tors of 5 hp. and less in this man- 
ner, but the method is obviously un- 
suitable where lights are operated 
from the circuits which supply the 
motors. It will at once be seen 
that where a motor of the type un- 
der discussion is started directly on 
the line, the maximum instantane- 
ous current flow resulting there- 
from cannot be exceeded by any 
other condition of load, either nor- 
mal or otherwise. In view of this 
the ordinary form of overload cir- 
cuit breaker is unsuitable for the 
protection of this class of motor. If 
adjusted to afford any protection 
whatever during running conditions, 
the circuit breaker will inevitably 
be opened by the heavy current in- 
cident upon starting. A circuit 
breaker for this kind of service 
must, therefore, permit the passage 
of the starting current for the nec- 
essary period, it must interrupt 
this starting current if unduly con- 
tinued, and when the motor is run- 


ning it should be responsive to 


sustained overloads above a prede- 
termined value which may be consid- 
erably less in magnitude than the 
starting current. These conditions 
are well met by a circuit breaker 
having a time delay inversely pro- 
portional to the current. 

With motors of 5 hp. and upwards 
it is customary to limit the current 
at starting by means of a compen- 
sator. This is an auto-transformer 
which gives a reduced voltage for 
starting. The starting of the mo- 
tor is usually effected by a double- 
throw switch by means of which the 
motor is first connected into circuit 
through the auto-transformer and 
then thrown directly across the line. 
The coils of the starting device are 
usually provided with a number of 
taps so that the proportion of full 
voltage which will be applied to the 
motor with the switch in the start- 


Fig. 1—A motor which is acceler- 
ated very gradually is protected 
by this breaker. 


The breaker has two pairs of overload 
coils. One pair is connected in the 
starting leads of the compensator and 
the other pair in the line. The motor 
is slowly brought up to speed in sev- 
eral steps. If the controller is moved 
too fast the first pair of overload coils 
opens the breaker. This pair of coils 
has no time delay. The other pair 
which protects the motor under run- 
ning conditions has inverse time delay. 
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Table I—Starting Current and 
Torque of Squirrel-Cage Motors 


STARTING 
TORQUE 
In Per CENT 
or FULL-LOAD 
TORQUE 


LINE STARTING 
CURRENT 

In Per Cunt | In PER CENT 

or RATED or FULL-LOAD 
VOLTAGE CURRENT 


VOLTAGE 


ing position may be determined in 
accordance with the starting torque 
required. Where this is small, say 
one-third that corresponding with 
full load, the starting voltage need 
not be over 40, per cent of line volt- 
age and the line starting current 
will exceed the full-load current by 
only about 12 per cent. The cur- 
rent flowing from the auto-starter 
to the motor will be greater than the 
line current in the proportion that 
its voltage is less, because the 
energy inflow and energy output of 
the auto-starter are practically 
equal quantities. The circuit 
breaker must, therefore, be con- 
nected, not between the motor and 
the auto-starter, but between the 
latter and the source of supply. If 
the motor is to be started with full- 
load torque then the starting volt- 
age should be not less than 70 per 
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cent of full-line voltage, and the 
line starting current will be approx- 
imately three and one-half times 
the full-load current, with corre- 
spondingly greater currents flowing 
from auto-starter to motor. 
Inasmuch as auto-starters are in- 
tended only for intermittent serv- 
ice, they are proportioned accord- 
ingly and are not intended to be left 
in circuit for an undue length of 
time. The maximum current drawn 
from the line in starting a motor by 
means of an auto-starter is a func- 
tion of the rating and design of the 
apparatus in question, and of the 
voltage which is supplied at the 
motor terminals, and is practically 
independent of the load on which the 
motor is started. It is true that if 
the motor is started on a light load 
the starting current will fall away 
more quickly than with a heavy 
load, but the initial or maximum 
value of this current will, in all 
cases, be practically the same for 
any given voltage, and where large 
starting torque is required the’ cor- 
responding current will be much ‘in 
excess of the continuous carrying 
capacity of the motor. Manufac- 
turers of auto-starters realizing this 
condition have in some cases 
equipped their devices so that the 
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circuit breaker may, if desired, be 


connected so that the overload fea- 
tures are effective only when the 
switch is in the running position. 

The circuit breaker when so con- 
nected is, of course, not subject to 
the heavy starting current and the 
overload feature may, therefore, be 
set to operate at a current value de- 
termined only by running condi- 
tions. This method has on the other 
hand the disadvantage that it 
leaves the motor and the auto- 
starter without protection while the 
switch is in the starting position. 
The fact that the auto-starter is in- 
tended only for intermittent service 
suggests that this part of the equip- 
ment should be protected as well as 
the motor. 

It is also obvious that the motor 
should be protected from undue con- 
tinuance of heavy starting currents 
such as might result from attempts 
to start too heavily loaded, or with 
one phase disconnected. These com- 
bined requirements may be met in 
either of two ways. The first is by 
the employment of a time-limit cir- 
cuit breaker so connected that the 
overload features will be in series 
with the motor both on starting and 
running. The characteristics of the 
time-limit circuit breaker are such 
that when set to open on moderate 
overloads long continued it will, 
nevertheless, permit the passage of 
heavier currents for a period suff- 
cient for starting if load conditions 
are normal. 
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To three-phase 
wine 


----Phase 4. 


Ld 


Fig. 3—Connections of no-voltage 
coils on polyphase circuits. 


For a three-phase circuit breaker there 
must be three coils, while for a two- 
phase breaker two coils are required. 


Obviously, with this arrangement 
the sensitiveness of the circuit 
breaker to overloads incident upon 
running is limited by the require- 
ments of starting, and where mo- 
tors are employed in connection 
with delicate mechanical operations 
it is sometimes desirable that the 
circuit breaker shall be responsive 
during running conditions to even 
the slightest overloads. To meet 
such contingencies a second method 
of protection may be used which in- 
volves the use of a special form of 
circuit breaker in which a single 
multi-polar switch member is under 
the control of two sets of overload 
coils, one set being in circuit on the 
starting side of the auto-starter, the 
other on the running side. In view 
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of the fact already discussed, that 
the maximum instantaneous value 
of the starting current is practically 
independent of the load, it will at 
once be seen that the only protection 
possible during the starting period 
is not the limiting of the volume of 
this current, but the prevention of 
its undue continuance. Time limits 
are, therefore, essential adjuncts of 
the overload features connected on 
the starting side. They are also de- 
sirable on the running side unless 
the highest degree of sensitiveness 
to overload is required. Occasions 
sometimes arise, however, in which 
the character of the material han- 
dled or the nature of the operations 
performed is so delicate that the 
circuit breaker should operate in- 
stantly on the slightest increase in 
the load above a predetermined 
value. In this case the time-limit 
feature will not be required in con- 
junction with the running coils. 

A modification of the foregoing 
case is presented where, in addition 
to the conditions already stated, the 
motor must be frequently stopped, 
and the starting must be accom- 
plished gradually and with uniform 
acceleration in order to avoid injury 
to material in process. In such cases, 
where a motor of the squirrel-cage 
type is employed, the starting 
switch will be provided with a num- 
ber of contacts, each connected with 
its respective taps from the auto- 
starter in such a way that the volt- 


Fig. 2—Diagram showing when a 
three-pole breaker is necessary on 
a two-phase motor. 


The drawing at the left illustrates a 
case where at least three poles are 
necessary in a circuit breaker. The 
phases of the two-phase motor are in- 
terconnected inside the motor while 
thoRe of the generator are similarly 
interconnected. If only two poles were 
employed on the breaker voltage would 
still bs, impressed on the motor wind- 
ings “even after the breaker had 
opened. ‘Two motors with intercon- 
nected phases and operating in parallel 
would likewise require three poles for 
each one. For three-wire, two-phase 
service as shown at the right a two- 
pole breaker usually suffices. 
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Table II— Starting Currents of Wound-Rotor Motors 


These values are given by one manufacturer for 110-volt, three-phase, 


wound-rotor motors. 


FuLL Loap 
CURRENT, 


Horse-PoweErR 
or MOTOR 


STARTING 
CURRENT AT 
FuLL Loap 


STARTING 
CuRRENT AT 150 
Per Cent or FuLL 
LOAD TORQUE, 


*The 5-hp. motor is made with or without starting switch. 


age applied to the motor is in- 
creased by a number of successive 
steps, and if the switch is properly 
handled the motor will come up to 
speed gradually and with an even 
acceleration. If, however, the start- 
ing switch is moved forward too 
rapidly, the current will become ex- 
cessive, and the circuit should be 
instantly opened. Fig. 1 illustrates 
a three-pole circuit breaker which is 
especially adapted to this class of 
service. 


AFFORDING PROTECTION FOR MOTORS 
WITH WOUND ROTORS 


There are two sets of over-load 
coils, one set connected on the start- 
ing side and the other set on the line 
side. In this instrument the time- 
limit feature should be omitted from 
the starting coils because unlike the 
case immediately preceding, the 
volume of starting current which 
passes through them is variable and 
depends upon the manner in which 
the starting switch is handled. If 
the handle is moved forward too 
quickly the breaker will open and 
thus prevent damage to the work. 

The foregoing discussion has 
dealt specifically with induction mo- 
tors of the squirrel-cage type of ar- 
mature and only casual reference 
has been made to the phase-wound 
type. This class of motor is charac- 
terized by a rotor having definite 
polar windings analogous to those of 
the primary. This form of motor is 
especially adapted for starting 
through resistance in the circuit of 
the rotor windings. The resistance 
is sometimes carried within the ro- 
tor and sometimes is external to it; 
in the latter case the rotor windings 
are connected with the starting 
switch through slip rings and 
brushes. 


Usually for such a motor the cir- | 


cuit breaker which will give protec- 
tion to the motor during running 


These 


conditions will also protect it while 
it is being started. This is because 
the starting current is usually not 
greater than the full-load current. 
This is shown by Table II. This 
table relative to three-phase, 110- 
volt motors of the phase-wound type 
as supplied by a leading manufac- 
turer, shows the relation between 
torque and starting current. While 
the figures given are for a specific 
voltage only, they show in a general 
way the ratios between the different 
quantities regardless of the operat- 
ing voltage. 

As may be seen from these fig- 
ures, the current drawn on starting 
is directly proportional to the 
torque. With this type of motor 
the service performed by the ma- 
chine driven by the motor will de- 
termine whether a time-limit fea- 
ture is required or not. 


Fig. 4—Three-pole circuit break- 
ers on power feeders in the fac- 
tory of the Hupp Motor Car Com- 
pany. 

breakers protect three-phase 
feeder lines. They have an inverse- 
time overload feature. The individual 
motors supplied by lines branching 
from these, are protected by similar 
breakers. 
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How MANY POLES SHOULD THE CIR- 
CUIT BREAKER HAVE? 


For three-phase, three-wire sys- 
tems, three-pole circuit breakers are 
recommended as they afford means 
for completely disconnecting the 
motor from the system. Two-pole 
circuit breakers are, however, some- 
times employed on the ground of 
economy. In either case, where the 
circuit breakers are of the overload 
type, there should not be less than 
two overload features in order that 
at least one of the two may be re- 
sponsive to overload with any con- 
dition of circuit, balanced or unbal- 
anced. 

The conditions controlling the se- 
lection of circuit breakers for mo- 
tors used on two-phase circuits 
demand fuller consideration. On two- 
phase, four-wire circuits, circuit 
breakers of at least three poles are 
required. This is because with cir- 
cuit breakers of only two poles the 
motor may still be subjected to volt- 
age if the motor has the two phases 
inter-connected in its windings, and 
in addition is supplied directly from 
a generator which has the two 
phases interconnected, or is oper- 
ated in parallel with other motors 
which have the phases intercon- 
nected. This is illustrated in the 
left-hand drawing of Fig. 2. If a 
motor is operating under these con- 
ditions it will be subjected to a volt- 
age of 0.7 times full voltage even 
though a two- pole circuit breaker 
has opened (one pole in each phase). 
The current to which a motor would 
be subjected under this condition 
would not sustain it in motion 
against a load and damage to the 
motor would probably result. There- 
fore, as the phases are often inter- 
connected in the windings of two- 
phase motors, a circuit breaker of 
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Table III — Current per Kilowatt on Various A. C. Systems 


This table shows the current per kilowatt at 100 per cent power factor. 
The values may also be used as approximate current per horsepower of induc- 
tion-motor. load assuming that the motors operate at about 86 per cent effi- 
ciency and 84 per cent power factor, which are reasonable values for motors 
over 5 hp. rated at least 860 r.p.m. and fully loaded. 


Aur. IN Eacn Wire Per Kw. Loap 
aT 100 Per Cent Power FACTOR 


VOLTAGE 


Four-WIRE 
Two-PHASE 


Two-WIrE 
SINGLE-PHASE 


at least three poles should be used. 
The fullest measure of protection 
will be secured by the use of four- 
pole breakers which, for reasons 
stated in the discussion relative to 
three-phase circuits, should be pro- 
vided where protection against over- 
loads is desired, with an overload 
coil in each of the two phases. 
Sometimes where the two-phase 
system is supplied from transform- 
ers, a three-wire system of distri- 
bution is employed as shown in the 
right-hand side of Fig. 2. In this 
case the motor may be effectively 
protected from overload by the use 
of a two-pole instrument having two 
overload features. Unless the com- 
mon main is grounded, however, a 
three-pole instrument is to be pre- 
ferred, in which case the middle pole 
common to both phases should have 


a capacity 40 per cent in excess of 


that required for the outer poles, 
which each carry the current of one 
phase only. 


ALL POLES SHOULD OPERATE IN UNI- 
SON FOR POLYPHASE CIRCUITS 


Circuit breakers for the protec- 
tion of all classes of polyphase mo- 
tors should have the switch mem- 
bers rigidly united so that all poles 
will operate in unison both in open- 
ing and in closing. As the care of 
motor-driven machinery must often 
be placed in the hands of mechanics 
rather than trained electricians, it 
is highly important that the circuit 
breakers included in such equip- 
ments should be so designed that no 
possible method of handling them 
will defeat their protective opera- 
tion. This requirement is admir- 
ably met by the circuit breaker 
which cannot be closed or held closed 
on overload. The construction of the 


breaker is such that when it oper- 


THREE- WIRE 
Two-PHAsE 
TuHreeE- WIRE 
THREE-PHASE 
COMMON 
RETURN 


OUTSIDE 


on overload the switch arm is 
released from the con- 


ates 
instantly 


trolling lever, and the circuit is 


broken regardless of any pressure 
which may be exerted upon the 
handle. The usual hand switch may 
be omitted where this type of 
breaker is employed, as the instru- 
ment combines in itself the func- 
tions of both switch and circuit 
breaker. 


THE BREAKER SHOULD OPEN 
FAILURE OF VOLTAGE 


With the majority of polyphase 
motors a starting switch is em- 
ployed in order to reduce the start- 
ing current, which would otherwise 
attain excessive magnitude. If the 
power supply should fail the motor 
should be automatically discon- 
nected from the line. Should it re- 
main in circuit it will be subjected 
to heavy currents when the line is 
again charged. This form of sud- 
denly applied overload is likely to 
prove injurious to the motor, but 
especially so to the machinery which 
it drives. 

Against such contingencies the 
motar can be properly protected by 
the use of a no-voltage attachment 
on the circuit breaker. The no-volt- 
age device should be so cọnstructed 
that it is automatically thrown into 
action by the closing of the breaker. 
The design should be such that there 
is no vibration of the armature. 
There should be a coil in each phase 
for polyphase motors, as shown in 
Fig. 3. This will result in a steady 
and strong magnetism for holding 
the armature. The stronger holding 
force allows the use of a strong 
spring for forcing the armature 
against the trigger when the arma- 
ture is released. 

The internal characteristics of 
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many polyphase motors are such 
that after having been started from 
the polyphase circuit they will, if 
but lightly loaded, continue to run 
single-phase in the event of inter- 
ruption of one main of the circuit, 
and when so running will sustain 
approximately normal voltage on the 
motor side of the disconnected 
main. Under such circumstances, 
therefore, the no-voltage feature 
will not respond. This condition is 
taken care of by the employment of 
circuit breakers combining both 
overload and no-voltage features. 


REQUIREMENTS OF PROTECTION FOR 
POWER FEEDERS 


A two-wire feeder circuit may be 
afforded protection during running 
conditions by the use of a single- 
pole circuit breaker which, if either 
main of the circuit be permanently 
grounded, must be installed in the 
ungrounded main. The term “run- 
ning conditions” is used here in 
order to distinguish between the 
conditions which obtain while the 
feeder is actually supplying the 
power, and those which may exist 
at the moment the line is being con- 
nected into circuit at the switch- 
board. In the first mentioned in- 
stance, the circuit breaker is free to 
respond should the load become ex- 
cessive, while in the second in- 
stance, if a single-pole circuit 
breaker of ordinary construction is 
made use of as the means of finally 
closing the feeder circuit, its ability 
to respond to such overload as may 
occur at the instant of closing is 
seriously impaired by the pressure 
exerted by the hand of the operator. 

This has led to the practice of em- 
ploying a hand switch in series with 
the circuit breaker, the method of 
operation being to open the hand 
switch before closing the circuit 
breaker, finally completing the cir- 
cuit by closing the hand switch. 
Where this method is rigidly fol- 
lowed a single-pole circuit breaker 
may be relied upon to give protec- 
tion not only under running condi- 
tions, but also while the feeder is 
being brought into circuit. Through 
haste or ignorance, however, it fre- 
quently happens that the operator 
will close the circuit breaker with- 
out first opening the hand switch. 
Such action is particularly likely 
after the circuit breaker has opened 
upon overload, and if attempted 
while the condition which gave rise 
to the overload still exists, damage 
is almost certain to result. 
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These considerations make desir- 
able the use of protective apparatus 
whose operation will be independent 
of the manner in which it is handled 
by the switchboard attendant, and 
have led to the development of two 
distinct types of circuit breakers, 
each of which admirably fulfills 
these conditions and renders the 
hand switch superfluous. 

The first of these is the breaker 
with two members which are closed 
independently of each other. One 
member is closed and then the other. 
If there is a short circuit on the 
line the first member is free to open 
when the second is being closed. 

The other type of circuit breaker 
which is suitable for a two-wire 
feeder is the one which is non-clos- 
able on overload. If an overload is 
present when the breaker is closed 
it will open at normal speed regard- 
less of the pressure on the handle. 


CONDITIONS DETERMINING USE OF 
“TIME-LIMIT” ON FEEDERS 


Circuit breaker equipment should 
be chosen so as to give the full 
measure of protection without occa- 
sioning unnecessary interruption in 
the service. Short-circuit currents 
such as may result from accidental 
crosses or from defects in insula- 
tion reach a magnitude not gener- 
ally appreciated, and the same may 
also be said of currents frequently 
arising through improper handling 
of apparatus, or as the result of de- 
fects in the apparatus itself. While 
such currents, especially when su- 
perimposed upon normal load cur- 
renta of considerable volume. sre 


Fig. 5—Main and feeder circuit 
breakers on a switchboard. 


The large breakers at the left of the 
board are on the main service panels. 
The breakers at the right control the 
feeder circuits. 


likely to exceed the capacity of the 
feeders, it is not always desirable 
that the feeder circuit breakers 
should open and thus disconnect 
other branch circuits in which the 
conditions are normal. To meet 
such contingencies, therefore, it is 
recommended that both light and 
power feeders be protected with 
time-limit circuit breakers, and that 
the various sub-divisions of the cir- 
cuit be also protected by circuit 
breakers of smaller capacity in- 
stalled at the centers of distribu- 
tion. In the case of motors, each 
should be protected by its individual 
circuit breaker. Where this method 
is followed, only the portion of the 
circuit in which the trouble arises 
will be disconnected and the feeder 
breakers will operate only in the 
event of sustained overloads. 


FACTORS IN PROTECTION OF THREE- 
WIRE FEEDERS 


The points just covered as to the 
use of time-limit circuit breakers 
and the protection of branch cir- 
cuits, apply to three-wire circuits 
with the same force as they do to 
two-wire circuits. On three-wire 
lighting feeders in order to avoid 
excess voltage on lamps as the re- 
sult of unbalanced load, it is essen- 
tial that the neutral main shall not 
be opened unless at least one of the 
mains is already apen or is opened 
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at the same time. It is also desir- 
able that the two main leads of the 
circuit shall be opened or closed to- 
gether, as otherwise the neutral and 
compensators might be unduly 
loaded. 

With these facts in view it will 
be seen that the circuit breaker 
should have at least two poles, that 
these should be connected into the 
two main leads and that they should 
be rigidly united in order to secure 
their simultaneous action both in 
opening and closing. As the load in 
each of these two leads is not neces- 
sarily the same, each of the two 
poles should be provided with an 
overload coil, and the breaker 
should be non-closable on a definite 
overload. 

Use of this instrument meets 
the protective requirements of the 
average lighting feeder on which 
the conditions of service are such 
that extensive unbalancing of the 
load is improbable. However, on 
lighting feeders in which serious 
unbalancing is likely to occur, like- 
wise on power feeders, the circuit 
breaker should be provided with a 
third overload feature for connec- 
tion into the neutral main. The ob- 
ject of the third overload device is 
to limit the neutral current to the 
safe carrying capacity of the com- 
pensating devices. This class of in- 
strument, more particularly when 
equipped with time-limit features, 
meets every requirement of three- 
wire feeder protection. The use of 
the third or neutral overload feature 
is especially desirable where the un- 
balanced load is taken care of by a 
compensator whose capacity is 
small in comparison with that of the 
main generators. Where it is not 
desired to interrupt the neutral 
main, the center switch member may 
be omitted, the corresponding 
overload feature being retained, 
as it is highly important that 
the compensator be kept in 
service. To this end the unbal- 
anced load must be prevented from 
attaining excessive values in any of 
the various sections of the circuit in 
which they may arise. 

There still remains the possibility 
of the cumulative effect of the un- 
balanced current in several feeders 
being sufficient to overtax the capa- 
city of the compensator. Whether or 
not this danger is sufficient to war- 
rant the installation of protective 
devices directly in the circuit of the 
compensator, is a matter to be de- 
cided in accordance with the service 
conditiona. (Continued on page 601) 
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Handy Tables 
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Laying Out Wave 
Windings for A.C. Rotors 


Having 120-deg. Spacing Between Line Leads 
Together With Instructions for Calculating Wave 
Windings for Machines in Which the Number of 


Slots Is Not a Multiple 


By A. C. ROE 


Renewal Parts N65 Department, 
Westinghouse Electric & Mfg. Co., 
East Pittsburgh Pa. 


REVIOUS articles in the Sep- 
P tember, October and November 

issues explained how to lay out 
and construct wave windings for 
alternating-current motors. Tables 
and short-cut methods have also been 
given which will greatly shorten the 
time and effort in accomplishing this 
work. We will now discuss wave 
windings having a spacing of 120 
deg. between the line leads. 

Tables I to V give the data for 
three-phase rotor or stator windings 
having a spacing of 120 deg. between 
the line leads. This type of connec- 
tion is used principally on rotors; 
consequently, only the three-phase 
star and delta connecting data are 
given. 

These tables are worked up in a 
manner similar to those that have 
been described in the November 
issue. The only difference is in lo- 
cating the leads, for these tables 
give the winding data for windings 
having 120-deg. lead spacing instead 
of having the line leads placed as 
close together as possible. The 
starting lead of the A phase will of 
course be located in slot 7 and the 
starting lead of the B and C phases 
will be spaced 120 deg. each way 
from the starting lead of the A 
phase. For example, in a ninety-six- 
slot machine, the leads would be 
spaced 96 + 3 = 32 slots apart. Then 
if the A phase starts in slot 1, the 
B phase would start in 1 + 32 = slot 
33, and the C phase would start in 
o3 + 32 = slot 65. 

Dividing the total number of slots 
by 3, to obtain the 120-deg. spacing 
will not hold true of windings for 
six, twelve, eighteen, twenty-four, 
etc., poles. To show the method of 


of the Number of Poles 


locating the 120-deg. spacing for 
these windings, we will locate the 
leads for a six-pole, three-phase 
winding having seventy-two slots 
and coils. There will be 72 — 6 = 12 
slots per pole and 12 — 3 = 4 slots 
per pole per phase. We will start the 
A lead in slot 1 and since the wind- 
ing is retrogressive, the three re- 
maining slots of that  pole-phase 
group will fall in slots 72, 71 and 70. 
This is the first pole-phase group of 
the first pole. The second pole-phase 
group will fall in slots 2, 3, 4 and 5 


Fig. 1—Method of locating slots for 
starting leads of each phase for 
windings of six, twelve, eighteen, 
etc., poles when 120-deg. lead spac- 
ing is desired. 

The A phase is started in slot 1. 
thereby reserving the left-hand pole- 
phase group in each pole for the A 
phase. For exactly 120-deg. spacing, 
the B phase would start in slot 25. 
This slot is in an A pole-phase group, 
so slot 29 is selected for the B-phase 
To have exactly 120- 
the C phase would 
This slot is in a pole- 
phase group reserved for the A phase 
and has the same polarity (indicated 
by arrows at right) as the poles in 
which the other starting leads are lo- 
cated. Hence, the starting lead for the 


starting lead. 
deg. spacing 
start in slot 49. 


C phase is located in slot $5 which has 
the correct polarity and is in a pole- 
phase group that is not used by th 
A or B phases. i 


1 


Second Pole (10,11, 12,13) 


Fourth Pole (34, 35, 36, 37) 


Sixth Pole (58, 59, 60, ol) 


120-degree spacing 


* 
First Pole (710, II, 72, 1) (2, 3, 4, 5) (, J, 8. 9) 


(14, 15, 10, 17) 


** 
Third Pole (22, 23, 24, 25) (2%, 27, 28, 5 
( 38, 39, 40, 41) 


* 
Fifth Pole (46, 41, 48, 49) (50, 51, 52, 53) 
( 02, 63, 64, 65 ) 


Winding to have © poles, 12 slots 
x= Location of slots having 


Arrows indicate polarity of poles 
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THIS IS the last of a series 
of articles on alternating-cur- 
rent, wave windings. The first 
three articles, which were pub- 
lished in the September, Octo- 
ber, and November is3ues, ex- 
plained how to lay out and 
construct stator wave windings 
and also gave short-cut meth- 
ods and tabulations of data 
for use in laying out this type 
of winding. This article gives 
similar tabulations for use on 
rotor windings and also dis- 
cusses how to lay out wave 
windings for machines in 
which the number of slots is 
not a multiple of the number 
of poles. 


and the third pole-phase group will 
fall in slots 6, 7, 8 and 9. These 
three groups make up the first pole. 
Let us lay them out as is shown in 
Fig. 1. We will indicate the polar- 
ity of this pole by the arrow point- 
ing up. The other poles are laid out 
in a similar manner as is shown in 
Fig. 1. Adjacent poles are of op- 
posite polarity as is indicated by the 
arrows placed at the end of each pole 
group. 

To have exactly 120-deg. spacing 
between the leads, there would be 
72 + 3 = 24 slots between each pair 
of leads; that is, the leads would fall 
in slots 1, 25 and 49. As was said be- 
fore, we will start the A: lead in slot 
1 as is marked in the first pole-phase 
group in Fig. 1. This reserves the 
first pole-phase group of the first 
pole and of the succeeding poles for 
the A phase. For 120-deg. spacing, 
the B-phase starting lead should fall 
in slot 25. Slot 25 falls in the first 
pole-phase group of the third pole. 
This pole-phase group was reserved 
for the A phase, when we placed the 


(18, 19, 20, 21) 


(30, 31, 32, 33) A 


(42, 43, 44, 45) y 
] 


(54. 55, 56, 57) 1 


( 66, 61, 68, 69) * 
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starting lead of the A phase in slot 
1; consequently, slot 25 cannot be 
used for the B, lead. However, slot 
29 is available and falls in the sec- 
ond pole-phase group; therefore, we 
will use slot 29 in which to start the 
Bi lead. We have said before that 
the instantaneous polarity of two 
phases must be the same while the 
third one is opposite. The A and 
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B phases are to have the same in- 
stantaneous polarity. The first and 
third poles have the same instantan- 
eous polarity; therefore, slot 29 will 
be suitable for the B phase from this 
point of view. 

For 120-deg. spacing, the starting 
lead of the C phase would fall in 
slot 49. Slot 49 falls in an A-phase, 
pole-phase group as is shown in fifth 
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pole of Fig. 2, and has the same 
polarity as the other poles in which 
the two other phases were started. 
Therefore, slot 49 cannot be used to 
start the B. lead. However, slot 45 
falls in a pole of the opposite polar- 
ity and also falls in a pole-phase 
group that is not reserved for either 
the A or B phases. We will start the 
Ci lead in slot 45. 


Table I—Four-Pole, Three-Phase Windings 


Having 120-Deg. Spacing Between Line Leads 


These tables give the arrangement for a series-star connection. 


to one line, B and Ai to the second line and C and Bi to the third line. 
For a left-hand winding number slots in a clockwise direction. 
For a right-hand winding number slots in a counter-clockwise direction. 


To obtain a series-delta connection, connect A and C. 


“Top” refers to top conductor in slot; “bottom” refers to bottom conductor in slot. 
E 2 2 3 Ta = 
o8 aSa 2 LEADS STAR 9 
88 383 = 8 Top Top REVERSING SuoRr-Prrou CONNECTIONS 
ZV 5358 JUMPERS Connect Bottom to Top 
8 A|B;|C]A1{ Bi] Ci Bottum to Bottom 
24 4 214 7| 1 9 1719 311 (12 18) ( 20-2) ( 4-10) (19-24) (13-18) (3-8) (21-2) (11-16) (5-10) 
36 6 314 10 1132528 4 | 16 / (17- 26) ( 29-2) ( 5-14) 27- 35, 28 36) (18- 26, 19- 27) (3-11, 4-12) ( 30-2. 31- 3) (15 23, 16- 24) ( 6-14, 7-15) 
48 8 4 14 13 1| 17 3337 5 | 21 (22- 34) ( 38-2) ( 6-18) 35- 46, 37- 48) (23- 34, 25- 36) (3-14, 5-16) ( 39-2, 41- 4) (19 30. 21- 32) ( 7-18, 9-20) 
60 10 5 4 16) 1 214146 6 26 (27. 42) ( 47-2) ( 7-22) ( 43- 57, 46- 60) (28- 42, 31- 45) (3-17, 6-20) ( 48-2, 51- 5) (23- 37, 26- 40) ( 8-22, 11-25) 
72 12 6 {1 & 19; 125 49] 55 7 | 31 (32- 50) ( 56-2) ( 8-26) et 68. 55- 72) (33- 50, 37- 54) (3-20, 7-24) ( 57-2, 61- 6) (27- 44, 31- 48) ( 9-26, 13-30) 
84 | 14 7 14 22| 129 57 64 8 | 36 | (37- 58) ( 65-2) ( 9-30) 59- 79, 64- 84) (38- 58, 43- 63) (3-23, 8-28) (66-2, 71- 7) (31- 51, 36- 56) (10-30, 15-35) 
96 | 16 8 14 25 1 | 33 | 65 73 9 41 (42- 66) ( 74-2) (10-34) | ( 67- 90, 73- 96) (43- 66, 49- 72) (3-26, 9-32) ( 75-2, 81- 8) (35- 58, 41- 64) (1134. 17-40) 
108 | 18 9 14 28) 1 | 37 | 73 82 10 | 46 (47. 74) ( 83-2) (11-38) | ( 75-101, 82-108) (48- 74, 55- 81) (3-29 10-36) ( 84-2, 91- 9) (39- 65, 46- 72) (12-38, 19-45) 
120 | 20 | 10 14 31 1] 41| 81] 91 4 11 | 51 (52- 82) ( 92-2) (12-42) 83-112, 91-120) (53- 82, 6l- 90) (3-32, 11-40) ( 93-2, 101-10) (43- 72 51- 80) og 21-50) 
132 | 22 | 11 |1 & 34) 1 | 45 89 1100 | 12 56 (57- 90) (101-2) (13-46) 91-123, 100-132) (58- 90, 67- 99) (3-35, 12-44) (102-2, 111-11) (47- 79. 56- 88) (14-46, 23-55) 
144 | 24 | 12 |1 & 37 1 | 49 97 109 | 13 | 61 (62- 98) (110-2) (14-50) 99-134, 109-144) (63- 98, 73-108) (3-38, 13-48) (111-2, 121-12) (51- 86 61- 96) (1550. 25-60) 
156 | 26 | 13 |1 & 40 1 | 53 |105 |118 | 14 | 66 | (67-106) (119-2) (15-54) 107-145, 118-156) (68-106, 79-117) (3-41, 14-52) (120-2. 131-13) (55- 93, 66-104) ( 16-54, 27-65) 
168 | 28 | 14 |1 & 43 1 | 57 |123 |127 | 15 71 1 (128-2) (16-58) | (115-156, 127-168) (73-114. 85-126) (3-44, 15-56) (120-2, 141-14) (59-100, 71-112) (17-58, 29-70) 
180 | 30 15 & 46| 1 | 61 131 |136 | 16 | 76 77-122) (137-2) (17-62) | (123-167, 136-180) (78-122, 91-135) (3-47, 16-60) (138-2, 151-15) (63-107, 76-120) (18-62, 31-75) 
192 | 32 | 16 {1 & 49| 1 | 65 139 145 | 17 | 81 (82-130) (146-2) (18-66) | (131-178, 145-192) (83-130, 97-144) (3-50, 17-64) (147-2, 161-16) (67-114, 81-128) (19-66, 33-80) 
204 34 | 17 14 52 1 | 69 |147 154 | 18 | 86 | (87-138) (155-2) (19-70) | (139-189, 154-204) (88-138, 103-153) (3-53, 18-68) (156-2, 171-17) (71-121, 86-136) (20-70, 35-85) 
216 | 36 | 18 |1 & 55} 1 | 73 {155 |163 | 19 | 91 | (92-146) (164-2) (20-74) | (147-200, 163-216) (93-146, 109-162) (3-56, 19-72) (165-2, 181-18) (75-128, 91-144) (21-74, 37-90) 
e e e 
Table II—Six-Pole, Three-Phase Windings 
Having 120-Deg. Spacing Between Line Leads 
See heading of Table I for instructions on using table. 
8 8 RHEE STAR _ Ea 
88 2 F 85 S Top REVERSING JUMPERS SuorrT-Piırecn CONNECTIONS 
ZO |S (88 Bottom to Bottom Connect Bottom to Top 
8. Ai | Bi] Ci 
36 6 24- 30) (2- 8) (10-16) (31-36) (25-30) (9-14) (3-8) (17-22) (11-16) 
54 9 35- 44) (2-11) (14-23) ( 45- 53, 46- 54) ( 36- 44. 37- 45) (12-20, 13-21) (3-11, 4-12) (24 32, 25- 33) (15-23, 16-24) 
72 12 ( 46- 58) (2-14) (18-30) 59- 70, 6l- 72) ( 47- 58. 49- 60) (15-26, 17-28) (3-14, 5-16) (31- 42, 33- 44) (19-30, 21-32) 
90 | 15 ( 57- 72) (2-17) (22-37) 73- 87, 76- 90) ( 58 72, 6l- 75) (18-32, 21-35) (3-17, 6-20) (38- 52, 41- 55) (23-37, 26-40) 
108 | 18 ( 68- 86) (2-20) (26-44) ( 87-104, 91-108) ( 69- 86 73- 90 (21-38, 25-42) (3-20, 7-24) (45- 62 49- 66) (27-44, 31-48) 
126 | 21 ( 79-100) (2-23) (30-51) (101-121, 106-126) ( 80-100, 85-105) (24-44, 29-49) (3-23, 8-28) (52- 72, 57- 77) (31-51, 36-56) 
144 | 24 ( 90-114) (2-26) (34-58) (115-138, 121-144) ( 91-114, 97-120) (27-50, 33-56) (3-26 9-32) (50- 82, 65- 88) (35-58, 41-64) 
162 | 27 (101-128) (2-29) (38-65) (129-155, 136-162) (102-128, 109-135) (30-56, 37-63) (3-29, 10-36) (66- 92, 73- 99) (39-65, 46-72) 
180 | 30 t (112-142) (2-32) (42-72) (143-172 151-180) (123-142, 121-150) (33-62, 41-70) (3-32. 1140) (73-102, 81-110) (43-72, 51-80) 
1983311 78 122 16645 | 89 | (123-156) (2-35) (46-79) (157-189, 166-198) (134-156, 133-165) (36-68. 45-77) (3-35, 12-44) (80-112, 89-121) (47-79, 56-88) 
216 | 36 1 | 85 133 18149 | 97 | (134-170) (2-38) (50-86) (171-206, 181-216) (145-170, 145-180) (39-74. 49-84) (3-38. 13-48) (87-122, 97-132) (51-86, 61-96) 


Table III—Eight-Pole, Three-Phase Windings 


Having 120-Deg. Spacing Between Line Leads 
See heading of Table I for instructions on using table. 


REVERSING JUMPERS 


SHort-PitcH CONNECTIONS 


Bottom to Bottom C 
19- 22)(11- 14)( 3- 6) None 
36- 42)(20- 26)( 4-10) Peal (43-48) (37-42) 


70- 82)(38- 50)( 6-18) 
87-102)(47- 62)( 7-22) 


(104-122)(56- 74)( 8-26) 
(121-142)(65- 86)( 9-30) 
(138-162)(74- 98)(10-34) 
)(83-110)(11-38) 


( 
( 
53- 62)(20- 38)( 5-14) 
( 


(155-182 


( 83- 94, 85- 96)( 7I- 82. 73- 84)( 51- 62, 
(103-117, 106-120)( 88-102, 91-105)( 63- 77, 


(123-140, 127-144)(105-122. 100-126)( 75- 92, 
(143-163, 148-168)( 122-142, 127-147)( 87-107. 


onnect Bottum to Top 


(27-32) (21-26) (11-16) (5-10) 


64- 72)( 54- 62. 55- 63)( 39- 47. 40- 48)(30- 38, 31- 391(15-23, 16-24)( 6-14, 7-15) 


§2)( 19-30, 21-32)( 7-18, 9-20) 
65)( 23-37, 26-40)( 8-22, 11-25) 


53- 64)(39- 50, 4l- 
66- 80)(48- 62, 51- 


T9- 06)(57- 74, 6l- 78)( 27-44, 31-48)( 9-26, 13-30) 
92-112)(66- 86, 71- 91)(31-51, 36-56)( 10-30, 15-35) 


(163-186, 169-192)(139-162, 145-168)( 99-122, 105-128)(75- 98, 81-104)(35-58, 41-64)( 11-34, 17-40) 
(183-209, 190-216)( 156-182, 163-189)(11 1-137, 118-144) (84-110, 91-117)(30-65, 46-72)(12-38, 19-45) 


b. 3 2 in a 
oR jagan z LEADS STAR 
58 28 38 8 Top Top 
ZO S SGI 
O7 Sted A |B C1 

24 4 1114 4] 1 

48 82 14 7| 1 

7212 3 1&4 10) 1 

96 | 16 41 & 13 1 

120 20 5 & 16) 1 

144 24 6 14 19 1 
168 | 28 7 14 22) 1 36 
192 | 32 8 il & 25 1 41 
216 | 36 9 14 28) 1 46 
240 | 40 | 10 14 31] 1 51 


(172-202) (92-122)(1242) 


(208-232, 211-240) (173-202, 181-210)( 123-152, 13 1-160) (93-122. 101-130)(43-72, 51-80) (3-42. 21-50) 
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So far we have discussed wave 
windings that have an equal num- 
ber of coils in each section. Some 
wave windings will be found that 
have an equal number of coils in each 
phase but an unequal number of coils 
in each section. For example, con- 
sider an eighty-four-slot stator 
wound with a two-layer, left-hand, 
retrogressive, wave winding having 
eight poles and eighty-four coils con- 
nected series star. In this winding, 
there will be 84 — 3 = 28 coils per 
phase. Since the number of sections 
is equal to twice the number of 
phases, the number of coils per sec- 
tion will equal 84+ 6 = 14 coils per 
section. In a wave winding, the coils 
per section must be a multiple of the 
number of pairs of poles; that is, a 
section must start and finish in a 
pole-phase group belonging to the 
same phase and located in an adja- 
cent pole. In this case the number 
of coils per section is not a multiple 
of the pairs of poles, for the coils 
per section equal 84 ~ 6 = 14, and 
the pairs of poles equal 8 — 2 = 4 
and 14+4=3%. A section with 
this layout would encircle the stator 
three and one-half times and would 
not finish in a pole-phase group of 
an adjacent pole and which corre- 
sponded with the pole-phase group 
of the starting lead. 

To lay out a winding for this com- 
bination of poles and slots, first di- 
vide the winding so that there will 
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be an equal number of coils per 
phase; that is, 84 — 3 = 28 coils per 
phase. Then divide the coils per 
phase by the number of pairs of 
poles, in this case 28 — 4 = 7, which 
means that to pick up the twenty- 
eight coils in one phase, the winding 
must be encircled seven times. Since 
each phase is divided into two sec- 
tions, we will divide the encircling 
number by two; that is, 7 2 2 3 
with a remainder of 1, or 4+3=7. 
Therefore, to pick up twenty-eight 
coils per phase and at the same time 
to encircle the winding seven times 
in doing so, one section of the phase 
must contain 3 X 4= 12 coils and the 
other section must contain 4 X 4 = 16 
coils. 

The winding pitch equals the to- 
tal number of slots divided by half 
the number of poles equals 84--4=21, 
or a pitch of l-and-22. Hence, the 
front and back pitches will be un- 
equal as 21+2=10%. Make the 
back pitch equal to 11, or a pitch of 
1-and-12 and the front pitch equal 
to 10, or a pitch of l-and-11. Using 
the front and back pitch as calcu- 
lated, lay out the first section of 
sixteen coils in the manner shown at 
M of Fig. 2. Likewise, lay out the 
second section of this phase as is 
shown at N in Fig. 2. 

The next step is to check the 
phase-belt overlapping. With this 
type of winding, there will be a num- 
ber of slots in which the top and bot- 
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tom coil halves will belong to differ- 
ent phases. It will be necessary to 
locate these slots and also to deter- 
mine to which phases the various 
coil sides belong. Let us start with 
the first slot number in the first sec- 
tion of the A phase. This is shown 
at M of Fig. 2. As determined before, 
we have found that the winding is 
encircled seven times to pick up all 
the coils of one phase. We also de- 
cided that the winding was to be en- 
circled four times to pick up the 
coils of the first section and encircled 
three times to pick up the coils of 
the second section; that is, 4 ＋ 3 28 7, 
which is the total number of times 
the winding is encircled to pick up 
all the coils of one phase. Now, since 
the winding is retrogressive and is 
encircled four times in picking up 
the coils of the first section, a pole- 
phase group will contain four slots 
and these slots will be 1, 84, 83 and 
82. The A phase starts in slot 1; 
that is the reason that we have 
picked out slot 7 and the winding 
being retrogressive, it would natur- 
ally follow that slots 84, 88 and 82 
would be the other slots of that pole- 
phase group. We will now lay out 
the slots in order as is shown 
at the bottom of Fig. 2, be- 
ginning with slot 82 and fol- 
lowing consecutively through all the 
slots of the machine. Now, check 
through the first section as shown at 
M of Fig. 2 to see whether slots 1 


Table IV- Ten- Pole, Three-Phase Windings 


Having 120. Deg. Spacing Between Line Leads 
See heading of Table I 


5 


ce 
fu 2 
82 à © up| m STAR 
658 3538 2 Top REVERSING JUMPERS 
ZO 558] Ae Bottom to Bottom 
621 [BI Ci 

30 | 5 114 4| 1 28 8 | 18 | ( 25- 28)( 5- 8)( 15- 18) |None 

60/10! 214 7| 1 55 | 15 | 35 | ( 48- 54)( 8-14)( 28- 34) (55-60) (49-54) 

90 15 314 100 1 82 | 22 52 | ( 71- 80)(11-20)( 41- 50) 

120 | 20| 41 & 130 1 109 | 29 | 69 ( 94-106)(14-26)( 54- 66) 

150 25 5 1 & 160 1 136 | 36 | 86 1 67- 82) 

180 | 30 | 6|1&19) 1 163 | 43 |103 | (140-158)(20-38)( 80- 98) (159-176. 163-180)(141-158, 145-162)(39-56, 43-60 
210 | 35 7 {1 & 220 1 190 | 50 |120 Nenana car 93-114) AEN 190-210) 

240 40 8 |1 & 25) 1 217 | 57 |137 | (186-210)(26-50)( 106-130) (211-234, 217-240)(187-210, 193-216) 


164-184 EETA 30.702444 e 120-140) 
51-74, 57-80) (27-50. 33-56) 


for instructions on using table. 


SHort-PitcH CONNECTIONS 
Connect Bottom to Top 


(15-20) (9-14) 9-34) 


(35-40) 2 
( 81- 89, 82- 90) (72 80. 73- 81) (2129. 22-30) (12-20. 13-21) ( 51- 59, 52- 60) ( 42- 50, 43- 51) 
107118 109-120) ( 95-106, 97-108) (27-38. 2940) (15-26. 17-28) ( 67- 78, 69. 80)( 55- 66, 57- 68) 


(133-147, 105370 18 121-135) (33-47, e 21-35)( 83- 97, 86-100) ( 68- oe 71- 85) 


(21-38, 25-42)( 99-116, 1121590671 ied 


99-11 
231-154, 137-160) 107-130, 113-136) 


Table V—Twelve-Pole, Three-Phase Windings 


Having 120-Deg. Spacing Between Line Leads 
See heading of Table I for instructions on using table. 


Co1L_sPER 
GROUP 


REVTRaT NO JUMPERS 


Bottom to Bottom 


— — Ne ee, . 9... 


* GS DD ee 


“Ian 


( 31- 34)( 8-11)( 24- 27) 
( 60- 66)(14-20)( 46- 52) 
( 89- 98)(20-29)( 68- 77) 
(118-130)(26-38)( 90-102) 
(147-162)(32-47) (112-127) 
(176-194)(38-56) (134-152) 
(205-226) (44-65) (156-177) 


None 
(61-66) 


(67-72) (15-20) (53-58) 
( 99-107, 100-108)( 90- 98, 91- 99)(30-38, cane: 29, 0 78- 86. 79- 190 
(131-142, 133-144) (119-130. 121-132) (39-50. 41-52) (27-38. 29-40) 


(163-177, 166-180)( 148-162. 151-165) (48-62. 51-650 (33-47. 36-50) (128-142. 171% 116-130) 
(195-212, 199-216)(177-194, 181-198)(57-74, 61-78)(39-56, 43-60)(153-170, 157-174) 
(227-247, 232-252) (206-222, 211-231)(66-86, 71-91)(45-65, 50-70)(178-198, 183-203)(157-187, 162-182) 


SHort-Pircr CONNECTIONS 
Connect Bottom to Top 


(21-26) (47-52) 
69- 77, 70- 78 


103-114, 105-116)( 91-102, 93-104) 


135-152, 139-156) 
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84, 88 and 82 are occupied by any of 
the first section coils. In the coils 
shown at M of Fig. 2, the left-hand 
coil side falls in the top of the slot 
and the right-hand coil side falls in 
the bottom of the slot. In checking 
through the first section shown at 
M of Fig. 2, we find that the top con- 
ductors in slots 1, 84, 83 and 82 are 
used by this section. In checking 
through the second section, we find 
that the second section uses the bot- 
tom conductors in slots 1, 84 and 83, 
and that the bottom conductor in 
slot 82 is left open to be used by 
some other phase. We will draw a 
horizontal line above those slots in 
which both conductors are used by 
the same phase as is shown at A in 
the diagram at the bottom of Fig. 2. 
The A phase uses only the top con- 
ductor in slot 82; therefore, we will 
draw a diagonal line in the direction 
shown to indicate this fact. If a bot- 
tom coil had been used in this slot by 
this phase, the diagonal line would 


Schematic Diagram of Mne no 
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have been drawn at right angles to 
this one. 

We will now treat the second slot 
number of the first section in a simi- 
lar manner. The second slot number 
of the first section is slot 12. The 
other three slots of this pole-phase 
group are 11, 10 and 9. Checking 
through the first and second sections 
of the A phase as shown at M and at 
N of Fig. 2, we find that the first sec- 
tion uses the bottom conductors in 
all four slots and that the second sec- 
tion uses the top conductor in slots 
9, 10 and 11. We mark a horizontal 
line above slots 9, 10 and 11 and a 


diagonal line through slot 12 in the 


Fig. 2—This diagram shows the 
method of laying out wave wind- 
ings where the number of slots is 
not a multiple of the number of 
poles. 

The upper diagram shows the schema- 
tic layout of the sections. The lower 
diagram shows the overlapping of the 
phase belts (at intersection of diagonal 
lines), which must occur to the sec- 
tions having unequal numbers of coils. 


583 


small diagram shown at the bottom 
of Fig. 2. Check the remaining slots 
of the first series of coils in the same 
manner. This will locate all of the 
A pole-phase groups. 

Since the line leads are to have 
120-deg. spacing and since the A 
phase starts in slot 1, the B phase 
will start in slot (843) I slot 29 
and the C phase will start in 
29 + 28 = slot 57. 

Lay out the B and C phases in the 
same manner as the A phase is shown 
at M and N. This is done in O, P, Q, 
and R of Fig. 2. Starting at slot 29 
for the C phase we check through the 
winding in the same manner as was 
done for the A phase and locate the 
phase-overlapping belt. The same is 
done for the B phase starting with. 
slot 57. 

This type of winding can be con- 
nected only in series, for the coils 
per section are not equal and if the 
coils were paralleled circulating cur- 
rents would be set up. 


4 5 o 8 10 is ie 
G. f RRS 5 AD: 1255 on 47 a as 83 10 20 31 41 * 73 ADS SAL ete 
AL Bottom 7 áj v “i A phase 
d Conductor 12 n 0 9 8 1 6 5 4 3 2 l 
N) AN I 22 3243 53 o4 TS 84 10 ZI A 49 12 8 2 D 9 | ana aac tion 
ZVVVYX SNN. 
2 3 4 5 © 1 8 9 10 11 12 13 14 15 lo 
Os è 8 aN 1 0 a Es RF Bi oF 3] 3 N ie: ee 
R 
. 28 n 2% 25 24 BZ 22 u 5 2 19 is 1 l S phase 
ORPRNAARE one a oy ae raat 
Cx M V * V y Re 
l 2 3 5 o 1 8 io n Nn B u 
© > N a: N A A 2 Si 9 NM 1 „ 
a 8 27 2% 25 24 23 22 2ʃ . A 19 A j o phass 
Q PANE ay, N () UY 44 55 nome CF US TA 1 mea 


Bx 


Schematic Diagram of Slots 


A B A D A B A B A 
Mos 84 2 3 KO 71 6 o %% KG is e n B A 2 21 22 23 24 25 BR 27 28 29 03 32 DX 34 35 36 37 38 3 
C C c C C 


A D A A B A B 
41 42 43 44 45 Ao N 48 49 0 51 52 53E 55 5o 57 58 59 OO DK 62 63 e es bb OT PK O9 10 Ti 12 13 14 HK To 17 78 19 80 BI 
c B C c c 


Legend 
Phase uses top conductor only 
Phase uses bottom conductor onl 
Phase uses both conductors in slot 
Short pitch 


Winding pitch = N = 21 or I-nd- 22 
Back pitch =]l-and-12? 

Front pitch = 21-11 = l0or l-and-11 
Line leads connect to top conductors 
in Slots l. 29, and 57 


* | 7N 


ES E 


584 


INDUSTRIAL ENGINEER 


Devoted to the Maintenance and Operation of 
Electrical and Associated Mechanical Systems in Mills and Factories 
— SS SE Trey 


DANIEL H. BRAYMER 
Editorial Director 


Assisted by 


G. A. VAN BRUNT F. E GOODING A. J. WHITCOMB 


Chicago, December, 1924 


EW opportunities are 
= Offered men in charge 
of industrial operations to 
study new developments 
in equipment and proc- 
esses comparable with the 
textile exposition held this year at Greenville, S. C., 
except at the machinery exposition associated with the 
annual meeting of the Association of Iron and Steel 
Electrical Engineers and the National Safety Congress. 
This year at Greenville, S. C., Oct. 20 to 25, the Sixth 
Southern Textile Exposition surpassed in extent and 
nature anything of the kind heretofore held. Oper- 
ators visiting the exhibition hall could see in actual 
operation practically every type of textile machinery 
made by seventy-five exhibitors, with the latest prac- 
tice for its operation through the use of the most 
efficient power drive, transmission and control equip- 
ment made by 114 other manufacturers. These 189 
exhibits were supervised by experts who were pre- 
pared to give practical answers to any installation or 
operating problem that might come up. 

From the standpoint of operators this exposition 
was of marked educational value, for they could 
observe the performance of the newer types of equip- 
ment they are not thoroughly familiar with and get 
first-hand information on operating details from rep- 
resentatives of the manufacturers whom they would 
seldom see and thus establish acquaintances that will 
take away the formal nature of future correspondence 
on their operating problems. 

On the other hand, manufacturers of textile equip- 
ment and the auxiliary drives and accessories used 
with it, could not hope to create in any other way an 
interest among anywhere near the same number of 
operating men in the brief period of six days under 
such favorable circumstances; namely, the getting 
together of thousands of mill engineers and operators, 
all discussing like problems from the viewpoint of im- 
proved operation and reduced costs through revisions 
in production processes that require new equipment. 

Manufacturers of power drive, transmission and 
control equipment can profitably direct the benefits re- 
sulting from the Greenville Textile Exposition into other 


A Lesson from 
the Southern 
Textile Exposition 
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industrial fields, such as for instance, the wood-work- 
ing field, paper making, and the manufacture of prod- 
ucts made up of many small parts, where the problems 
in operation depend upon a maximum rate of produc- 
tion and high efficiency of equipment used with inter- 
ruptions from breakdowns reduced to the last notch. 
Operators in these fields would welcome a compre- 
hensive exhibit of the latest practices that are possible 
in new and revamped installations. Let us hope that 
the Southern Textile Exposition will be the stimulus 
for manufacturers to start something of this sort of 
in‘erest to operators as an annual event in the other 
fields mentioned. 


— — 

HE problem of stand- 

Standardize ardizing resistors has 

Your been with us a long time, 

. but thus far little head- 
Resistors 


way has been noticeable. 
Possibly an extreme case 
of the cost of not standardizing resistors was found 
in a new mill having about twenty-four automatic con- 
trollers. Each controller had from four to eight 
frames of resistance and for some unknown reason, 
no two of these frames were duplicates. To secure ade- 
quate protection against resistor failure it was neces- 
sary to purchase $1,000 worth of spare resistors. 

Such an expenditure could have been prevented 
if the purchaser had insisted that the resistors be sup- 
plied in the fewest number of sizes and capacities. This 
would mean using oversize resistors in some cases, 
but this small additional cost would be overbalanced 
by the great saving in the amount of spare resistors 
that would be required. 

Several plants have proved that their requirements 
can be satisfied with only five sizes of resistor frames. 
One operator intends to use five frames, each one to be 
painted with a distinctive color. If a red frame fails, 
the motor inspector’s helper puts in a spare red frame 
without any fuss or trouble and the beauty of the 
scheme is that he can’t make a mistake. Contrast this 
with hunting through a pile of a hundred or more re- 
sistors for one frame that is only slightly different from 
the rest. 

The time to standardize resistance is when pur- 
chasing new equipment. A little forethought expended 
then will not only save on the original capital outlay 
but in the extent of production delays throughout the 
life of the equipment. 


— i 


LESSON in plant 

housekeeping was 
cited by J. J. Stunzi, Con- 
sulting Engineer for the 
Lancaster (Pa.) Steel 
Products Corp. at the re- 
cent Safety Congress held at Louisville, Ky., which had 
the dollar sign so intimately attached as to make it 
impressive. He referred to an executive of a Middle 
West plant who was finicky in regard to clean floors 
and stairways and “raised Cain” with the superinten- 
dents about cleanliness with the result that more and 
more sweepers were employed until the condition of the 
plant pleased the boss. 

Later it became the duty of Mr. Stunzi to write 
out the duties and functions of every employee in this 


Housekeeping 
Costs 
ın a Plant 
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plant from the general manager down to the last 
sweeper, to determine the normal number of employees 
necessary for normal production. The results were 
interesting and surprising, for they showed where little 
and much work was being done. In the case of the 
sweepers, thirty-three had been employed but after 
studying their work and properly distributing it, it was 
found that seven sweepers could do the work of the 
thirty-three and did do it with a slight bonus in addi- 
tion to normal pay. The saving to the company on this 
item alone was $27,000 in one year. 

This is information enough to indicate the need of 
proper organization, analysis and supervision of the 
service about a plant that comes under the head of 
plant housecleaning and includes janitors, movers, 
Sweepers, watchmen and the like. 


— —ů— 


N AN address delivered 


Co-ordinating in Chicago, Ill, during 
Plant Layout the recent observance of 
With Production Management Week by the 


local engineering societies, 

l C. G. Stoll, Works Man- 

ager of the Hawthorne Works of the Western Electric 

Company, touched upon some practical points having 

to do with the co-ordination of plant layout with pro- 
duction. In opening his address Mr. Stoll said: 

Co-ordinating plant layout with production is primarily 
a problem of making an original plan that is sufficiently 
comprehensive to include the broad general solution of all 
the problems involved—that is, sufficiently flexible to adapt 
itself to changeable conditions without altering its essen- 
tial character—and that looks far enough into the future 
to prevent any possibility of a costly, short-sighted use 
of the factory’s capital and facilities. 

Just what is included within the scope of these 
remarks and the responsibility of such a job as super- 
vised by the author at the Hawthorne Works is best 
appreciated by reviewing the operations incidental to 
the production of the products turned out at that 
plant. They include: wood and metal working, glass 
making, textile dyeing, manufacture of lead pipe for 
cables, porcelain, vulcanized and phenolized fibre, rub- 
ber in sheet, rod, tube and molded shapes, the insula- 
tion of wire with textiles, making of enamels and 
insulating papers, and the conversion of copper billets 
into the finest of wires by rod-rolling and wire-draw- 
ing processes. These processes are side issues or in- 
cidental to the processes and operations that actually 
produce 110,000 different kinds of parts made from 
18,000 different kinds, sizes and shapes of raw mate- 
rial in the assembling of over 13,000 separate and 
distinct forms of apparatus. . 

These figures, associated with the fact that over 
eighty acres of floor space is devoted to the pro- 
duction of these products, furnish sufficient informa- 
tion to impress the fact that without co-ordination of 
‘plant layout with production, nothing short of hope- 
less confusion could be expected. The whole problem 
is reduced to simple elements, however, through the 
co-operative functioning of seven divisions of the man- 
ufacturing organization, which are: the technical, pro- 
duction, operating, inspection, industrial relations, 
clerical and development branches. 

The first or technical branch, which might be 
called in other work the specification or engineering 
division, determines how operations should be con- 
ducted and with what materials and equipment; the 
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production branch determines when and how much 
output is required, while the operating branch is the 


do it department, which comprises all the actual pro- 


ducing departments and follows the instructions of the 
first two branches. The inspection branch operates all 
the inspection facilities of the works; the industrial 
relations branch has to do with the human side of the 
business; the clerical branch determines and specifies 
the detail routines by which work shall be conducted 
in order that a definite accounting procedure may be 
followed, figures the payroll, the costs of the products, 
pays for purchases, and so on, while the development 
branch is set aside for research and development of 
manufacturing processes and equipment. 

Thus it is seen that what appears from its scope 
to be an intricate production problem is reduced to 
simple elements that mainly depend on the concentra- 
tion of responsibility for various functional phases of 


manufacturing activity into definite branches, each 


under the direction of a superintendent working with 
and not independently of other unit branches. This 
plan will bear careful study and application in many 
other lines of industrial work that call for departmental 
activities and the assignment of responsibility therefor. 


ee ee 

HOULD we use crane- 
Use hoist limit switches 
Better and what should we expect 


of them? Arguments were 
advanced on the floor of a 
recent convention of plant 
engineers that it is better to do without limit switches 
and trust to the skill of high-grade operators. This is 
quite possibly true where use is made of makeshift 
limit switches that are liabilities rather than safety de- 
vices. But even so, high-grade operators are not infal- 
lible. Moreover, the control might jam, thus preventing 
the operator from shutting off power in time to prevent 
expensive damage and resulting shutdowns. 

A recent accident in a large steel plant bears out 
this point. This plant is equipped with cranes of vari- 


Limit Switches 


ous ages, each crane having a limit switch represent- 


ing the best thought of its day. Nothing had been done 
towards putting in modern limit switches. Dependence 
was placed on the limit switch in use and the skill of 
the operator. Eventually the time came when the 
operator made a mistake, the limit switch did not cor- 
rect it and the load fell on a control pulpit below. The 
results were serious. The man in the pulpit was per- 
manently disabled, the control in the pulpit was de- 
molished, and the mill was tied up for four hours dur- 
ing a rush period. The crane was out of service for 
nearly a day. Needless to say, this plant is replacing 
their obsolete homemade limit switches with modern 
types and henceforth is not going to rely on the oper- 
ator to stop. the hoist motion of a crane at the upper 
limit of travel. i 

The solution of the limit switch problem is to ob- 
tain the very best switch that can be bought. A boiler 
is protected by a safety valve that is not a homemade 
contrivance. The design of the safety valve is very 
carefully worked out, tested and proven. Moreover, it 
is frequently inspected and given service tests. Can 
we afford to be satisfied with anything less in the case 
of a limit switch? Even though equipment be properly 
installed it does not necessarily follow that it will 
always stay that way. 
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and Answered 
by Readers 


Here is a place where you can get some inside infor- 
mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow ohen. he asks a 
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Who Can Answer 
These? 


Determining Size of Conductors for In- 
termittent-Rated Motors—Will some 
reader of INDUSTRIAL ENGINEER please 
give a method of computing the sizes 
of rubber-covered cables to be used for 
connecting intermittent-rated motors 
—particularly half-hour rated crane 
motors? i 
Montreal, Can. F. P. 


Voltage Rating of Fuses for 440-Volt Cir- 
cuits—Will some reader please advise 
me as to the proper kind of fuses and 
fuse cutouts to use on 440-volt, three- 
phase, 60-cycle circuits? Should I use 
600-volt or 250-volt fuses and cutouts? 
(2) Is it practicable to use fuses above 
300-amp. rating as entrance fuses, or 
would it be better to use a circuit 
breaker? 

Any information that you can give 
me will be greatly appreciated. 
Marlon. Ohio. G. R. K. 


Using Steam Engine as Air Compressor— 
I should like to know if it is possible, 
or practicable, to convert a steanı 
engine into an air compressor. If 80, 
what changes will have to be made 
and what will be the approximate cost? 
This is a 20-hp. engine mounted on a 
25-hp boiler. The engine is of no use 
to me now, but I could use it to good 
advantage as an air compressor, driv- 

‘ing it with a motor, with the boiler 
serving as the air tank. I shall ap- 
preciate any suggestions you can give 


me. 
Accord, N. Y. H. D. V. 


Should Coils Be Purchased or Made in 
the Repair Shop?—We have in our 
plant about 1.000 motors ranging from 
3 hp. to 100 hp. Roughly, one-third 
of these are older-type motors, while 
the remainder are of modern type. 
We have our repair shop, but so far 
have not attempted to wind our down 
coils. There is a feeling that we 
should do this, but before making any 
decision I should like to get the opin- 
ions of readers of INDUSTRIAL ENGI- 
NEER on the feasibility of doing this 
work. Will it pay us to do it? Can 
anyone give me some idea of the na- 
ture and approximate cost of the 
equipment needed? 

I shall be very grateful for any in- 
formation or suggestions you can give 


me. 
Chicago. III. L. A. M. 


Method of Lining Up Conduit on Ceiling 
Beams—I wish some reader would 
please tell me the quickest and Proper 
way to line up %-in. conduit on the 
ceilings of mill-type buildings when 
you are breaking around the beams, 
using condulet fittings only at the bot- 
om of the beams and also between 
beams, for lights. Some say it is best 
to put all of the pipe clips up first by 
using a chalk line and plumbing down: 
then you can take the line down and 


question that you can 
answer from your ex- Goie GA 
perience. 


it will be out of the way. Others say 
to snap the line and take it down, but 
this method does not make a mark be- 
tween the beams. Ag the thickness of 
the fittings must be taken into con- 
sideration, should one go by the edge 
of the fittings, by the edge of the pipe 
or by the center of the pipe? Also, 
should the clips be put up first, or is 
anything gained by so doing? 
Worcester, Mass. R. S. T. 


Method of Driving One Generator with 
Two Engines—Can some reader sug- 
gest a practical and efficient method of 
driving a 50-kw. alternator by two oil 
engines of 37% hp. and 50 hp., respec- 
tively, so that efther or both engines 
may be used singly or together? If it 
is possible to devise such a drive with 
these engines operating singly or to- 
gether I would have a selection of 
three horsepower capacities, 387%, 50 
87%, with which to meet the power 
demands. The peak load is about 45 
kw., but the load is often much less 
than this. With such an arrangement 
it would not be necessary for me to 
buy a second alternator and install 
Synchronizing equipment. 

T shall be very grateful for any ad- 
vice or suggestions you can give me. 
Youngstown, Alta., Can. . C. A. 


Trouble with Switchboard Instruments 
The diagram shows a section of our 
switchboard with which we are having 
considerable trouble. The watt-hour 
meter slows down and the recording 
voltmeter registers 180 volts when the 
voltmeter is put in circuit. However, 
the watt-hour meter runs normally 
when the recording voltmeter is cut 
out of circuit. I removed the volt- 
meter and found it tested O. K., as 
does the watt-hour meter. 

No. 2 light on the ground indicator 
burns at full brilliancy on account of 
a ground on the meter circuit, which 
can not be traced out because the Plant 
Operates 24 hrs. a day. No. 1 light 
does not burn. 

When a test light is put across the 
voltmeter terminals, with the volt- 
meter cut out of circuit, {t burns dimly. 
as does No. 1 light on the ground in- 
dicator. 

Can someone tell me what and where 
the trouble is? : 

Iola, Kan. G. E. G. 


8 
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Answers Received 
To Questions Asked 


Foundations 
Blasting—We want to remove the 
foundation of a large engine and I 
should like to have the experience of 


Removing Concrete by 


other readers in removing foundations 
by explosives or in other ways. How 
can I keep down the concrete dust 
while drilling the foundation? If we 
blast the foundation how can I keep 
pieces from flying and damaging near- 
y machines? Will it be necessary to 
take the windows out? What explosive 
works best and how much should be 
used for a shot? I shall appreciate any 
suggestions you can give me. 
Detroit, Mich. A. H. 


In reply to the inquiry by A. H. in 
the October issue, a short time ago we 
removed a large concrete engine foun- 
dation by blasting and the method used 
was as follows: : 

Starting at the edge of the founda- 
tion and about 1 ft. in from the edge 
we drilled a series of holes approxi- 
mately 2 in. in diameter and 18 in. 
deep, spaced about 3 ft. apart. We used 
& pneumatic rock drill for putting down 
the holes and 2 min. was about the 
average time required per hole. Or- 
dinary black powder was used. The 
size of the charge used was from one 
to two ounces. This can be determined 
to suit conditions by starting with a 
very small charge and increasing until 
the desired effect is produced. The 
holes were blown out with air after 
drilling, and the charge placed in the 
bottom of the hole. A wad of paper 
was rammed on top of it and then the 
balance of the hole filled with earth, 
well rammed. We have tried both the 
time fuse and the electric fuse and 
find the latter much to be preferred. 

We always have plenty of old fibre 
cartridge fuse cases around and we 
utilized these for the charges. A fuse 
was made up by twisting two No. 16 
fixture wires together. the pieces being 
about 10 ft. long. The wires at one 
end were joined by a piece of 2-amp 
fuse wire about 1 in. long; the other 
ends of the wire were joined to a flex- 
ible cord with a plug at the end to fit 
a standard lamp socket. The end with 
the fuse wire attached was inserted in 
one end of the old fuse shell by remov- 
ing the cap at one end. The powder 
charge was then poured in and after 
making sure that the fuse wire was 
covered by the powder, the end of the 
shell was plugged with paper. 

After the charge was in place and 
the hole plugged a mattress was placed 
over the hole. This mattress consisted 


December, 1924 


of a light wood frame covered with 
several thicknesses of burlap. In size 
it was about 8 ft. square. We held the 
frame down by placing a few sand bags 
along the edges. The charge was ex- 
ploded by screwing the piug into a con- 
venient lamp socket and turning on the 
current. Ine plug should be removed 
atter each “shot” for safety to prevent 
the possibility of a premature discharge 
through someone accidentally turning 
it on. 

The burlap mattress will keep the 
pieces from flying and if wettea will 
stop most of the dust. If the shots 
are gaged right there will be no neces- 
sity of removing the windows. 

We blasted for a week in one of our 
departments which was in full produc- 
tion, and had no trouble whatsoever, 
with holding up of production, broken 


glass, damaged machinery or personal 
injury. L. J. CLAYTON. 
Ass' t. Mechanical Engineer, 
The Goodyear Tire & Rubber Co. 
Canada, Ltd., 
Bowmanville, Ont., Can. 
* „ k ** 


Selection and Application of Carbon 
Brushes—Can any or the readers of 
INDUSTRIAL ItsNGINEER give me any in- 
formation on how to cnoose and prop- 
erly apply the various grades of carbon 
brushes? 1 should like to know how 
a practical man can by inspection and 
simple tests choose a suitable brush 
for a job or determine what application 
a certain brush is most suitable for. 
have seen references to the electrolytic 
action between brass collector rings and 
carbon brushes and should like to know 
the cause of this action and if there are 
any means of overcoming it. 


W. A. P. 

Smooth Rock Falls, Ont., Can. 

Referring to W. A. P.’s question in 
a recent issue, it is impossible by in- 
pection and tests to determine with 100 
per cent accuracy a suitable brush for 
a job. This is proven by the fact that 
large manufacturers of electrical ap- 
paratus make extensive tests in select- 
ing proper brushes for use in their ma- 
chines. 

It is important that the brush be of 
sufficient carrying capacity and the con- 
tact drop sufficiently high to reduce 
short-circuit currents in the coils to 
a minimum. In general, for stationary, 
flush-mica machines with speeds up to 
3,000 ft. per min. a carbon-graphite 
brush containing sufficient abrasive to 
keep the mica flush with the bars is sat- 
isfactory. For stationary undercut ma- 
chines an absolutely non-abrasive elec- 
tro-graphitic brush should be used. On 
high-speed slip rings, where absolutely 
no cutting or wearing of rings are es- 
sential factors, a medium-resistance 
graphite brush is suitable. For rings 
of rotary converters and slip-ring in- 
duction motors where the current dens- 
ity exceeds 75 amp. per sq. in. a metal- 
composition grade of high carrying 
capacity must be selected. 

The average user of carbon brushes 
gives little thought to spring tension. 
This is of supreme importance for an 
ideal brush may be ruined by insuffi- 
cient pressure against the revolving 
part. As a rule an increase in spring 
tension increases the brush friction, 
but at the same time gives a lower con- 
tact drop. Consequently in giving a 
figure for brush pressure both of these 
losses must be considered and the value 
given be a compromise between the 
two. In general use the lowest brush 
nressure that will give good contact. 
This is seldom below 1% Ib. per sq.. in. 
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Few brush manufacturers agree exactly 
as to the proper spring tension neces- 
sary for certain classes of work. This 
is because various constituents of a 
brush determine to a large degree the 
correct pressure regardless of the duty 
to be performed. For this reason it is 
advisable to consult the brush manu- 
facturer. 


Stackpole Carbon Co., 


St. Marys, Pa. C. O. BENSON. 
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Method of Checking Alignment of Line- 
shafting—We have two long, and sev- 
eral shorter lengths of lineshafting 
which I know is somewhat out of Hne, 
probably due to settling of the build- 
ing. I shall appreciate it very much 
if someone will give me a simple 
method of lining up these shafts ac- 
curately in the hangers, so as to re- 
duce friction in the hanger bearings. 
Milwaukee, Wis. S. V. B. 


In reply to S. V. B. in the October 
issue, when aligning shafting without 
any special equipment I would suggest 
that he first run a line parallel to the 
shaft at the same distance from the 
floor as the center of the shaft, and as 
neur the shaft as it can be conveniently 
put, and yet clear all hangers and 
puileys. Have this line exactly the 
same distance from the center of the 
shaft at each end. 

Then, using an ordinary carpenter’s 
level and a straight-edge equal in 
length to the distance between the 
hangers, start at one end of the shaft 
and by means of the straight-edge and 
level find out how much, if any, the 
second hanger is higher or lower than 
the first. Also measure over to the line 
and determine if this hanger is out to 
the right or left, and if so how much. 

Now using a chart prepared as shown 
in the illustration, proceed the en- 
tire length of the line, and obtain the 
position of the shaft at each hanger. 

You can then examine each hanger 
and decide if it is practicable to put it 
where the chart calls for. In some 
cases it may be easier to raise or lower 
the entire shaft, or to move it side- 
ways slightly. If you find the shafting 
so much out of level that it would be 
too expensive to make it level, it may 
be “graded in.” 

To do this divide the amount which 
one end must be lower than the other, 
by the number of spaces between the 
hangers, which will give the amount 
that each hanger must be higher or 
lower (depending on whether you start 


2 
3 
4 
3 
6 
7 
8 
9 
10 


This chart is used to record the 
data taken when checking the 
alignment of shafting. 
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at the low end or the high one) than 
the one before it. 

After the shaft has been put in the 
proper position, according to the chart, 
go over it once more as a check upon 
the accuracy of the work. 

When the shafting in a plant is peri- 
odically aligned, file the charts away 
for future reference; then by compar- 
ing a number of charts obtained from 
any one length of shaft it can be de- 
termined if any of the hangers have 
been out of line in the same direction 
each time, and if so, the trouble can be 
located and remedied. 

Head Machinist, DONALD MAXFIELD. 


Old Town Woolen Co., 

Guilford, Me. 

Rn *« X „ 

Can Direct Current Be Obtained from 
Ford Spark Coil?—Will some reader 
Please tell me (1) if I can connect a 
Ford spark coil to a 110-volt line 
through a 6-volt, step-down trans- 
former and use it for the ignition sys- 
tem of an engine? (2) Under these 
circumstances would the high-tension 
side of the coil deliver a.c. or d.c.? (3) 
What is the voltage on the high- 
tension side of one of these coils? 
(4)Can I put 110 volts a.c. on the high- 
tension side and charge a storage bat- 
tery from the low-tension side? (5) 
Can you tell me how to make a good 
rectifier for charging storage batteries? 
Bellingham, Wash. E. M. D. 


In answer to the question by E. M. D. 
in a recent issue of INDUSTRIAL ENGI- 
NEER, I would say (1) you can use a 
Ford coil for ignition and get good re- 
sults. 

(2) Alternating current, but not of 
true sine-wave form. 

(3) From 10,000 to 15,000 volts, 
through interrupter adjustment. Higher 
voltages can be obtained by increasing 
the voltage of the primary supply, but 
this will soon burn out the contact 
points. 

(4) No, because the current is a.c. 
Even if rectified this current from the 
low-tension side of the Ford coil (pro- 
vided the coil is connected as you de- 
scribe) would be too weak for charg- 
ing storage batteries. The current for 
charging storage batteries must be 
d.c., either continuous or pulsating. 

(5) Directions for making a recti- 
fier for charging storage batteries can 
be found in some of the books contain- 
ing instructions for making wireless 


telephones. 


Concord, Mass. DoNALD FERGUSON. 
* x * * 


How Does the Lundell Motor Operate 
Can some reader of INDUSTRIAL ENGINEER 
give me a simple explanation of the 
theory of operation of the Lundell d.c. 
motor made by the Sprague Electric 
Co.? This motor has only one field 
coil (either series or shunt) which is 
placed in the frame in such a position 
that the armature rotates in the cen- 
ter of the coil. In other words, the 

fc coil is wound around the arma- 

ure. f 

I should like to know how and where 

the magnetic field poles are formed. 
Philadelphia, Pa. C. F. S. 
Replying to the question by C. F. S. 

in the October issue, if he will examine 
the motor in question he will notice 
that it is a two-pole machine. The 
field frame splits in two at an angle of 

90 deg. to the armature .shaft, with one 

pole piece cast on each half in such 

way as to hold the field winding in the 
frame at about a 70 deg. angle to the 
armature, allowing one pole piece to 
come in on either side of the field coil 
and making a north and a south pole. 

This style of field winding eliminates 
any chance of wrong field connections 
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except when the machine is compound 
wound, in which case it would be as 
easy to get the windings opposed as in 
any other type of motor. 

Middleport, Ohio. ELZA HERRMANN, 


x „ „ „* 


The question asked by C. F. S. in the 
Oetober issue is answered by reference 
to the accompanying diagram. The pe- 
culiar form of a single, coil, bi-polar 
field system used in this motor gives 
two salient poles from a single coil. 
Each of these poles is diametrically op- 
posite to the other. The magnetic cir- 
cuit is outlined in the diagram by the 
dotted line. 


Magnetic circuit of Sprague round- 
type single coil, bi-polar motor. 


With the current in the field coil as 
indicated (flowing into the paper at the 
crosses, upper section, and coming out 
at the dots, lower section), the lines 
of magnetic force follow the path from 
one pole to the other through the arma- 
ture core, and return from (B) to (A) 
through the frame. There occurs also 
a leakage of these lines from the tips 
of the poles to the points (A) and (B), 
but since this gap is quite large the 
amount of leakage is comparatively 
small. 


Honesdale, Pa. J. M. WALSE. 
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Method of Running Open Wiring in Mill- 
Type Buildings—I wish some of the 
readers of INDUSTRIAL ENGINEER would 
give me their opinion on the best way 
of running open wiring in buildings of 
mill-type construction. Assuming that 
No. 8 or larger conductors are used, 
Should these be run on the roof 
trusses, on the ceiling beams or on the 
side walls? Should the conductors be 
Supported by cleats or on knobs? 
What kind of cleats and knobs should 
be used? I should also like to know 
when and how strain insulators should 
and should not be used. Is there any 
preference as to the type of strain 
insulator? Any information you can 
give me will be much appreciated. 
Worcester, Mass. R. S. T. 


Referring to R. S. Ts question in 
the September issue, the following ma- 
terials have been used with- success for 
open wiring in the roof trusses of mill- 
type buildings. For small wires the 
most useful combination has been stan- 
dard No. 4% porcelain insulators on 
Universal No. 501 insulator supports. 
For medium-sized wires the Peirce 
wireholders are very useful. For 
cables an excellent job can be done 
with Peirce secondary racks at interme- 
diate supports and Giant strain insula- 
tors at end supports. The most satis- 
factory place for fixing the supports is 
on the bottom chord which is the low- 
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est horizontal member of the roof truss, 
but if piping or the building structure 
prevents, another member may be 
used. No hole should be drilled in the 
structural steel. The racks can be 
fixed in place by bolts passing through 
between the longest members of the 
racks and between the angles of the 
roof truss member. The strain insula- 
tors should be attached to a rectangular 
bar forged in the shape of a hook con- 
forming to the section of the structural 
member of the building which is to 
take the strain. D. W. BLAKESLEE. 


Electrical Engineer, 
Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 


* * * * 


In answer to R. S. T.’s question in the 
September issue, the roof trusses usu- 
ally make the best support for large 
wires and cables; here they are less 


likely to be injured and a clear space - 


can usually be found that is accessible. 
When conductors are supported on the 
ceiling beams, they are generally in 
the way of shaft hangers and the rig- 
ging used when handling machinery on 
the mill floor. 

Wires should be supported by single- 


wire cleats secured by wooden screws. 


or lag bolts. It is advisable to line 
out one row of cleats with a chalk line. 
With the larger cleats it will be found 
much easier to start the screw if small 
holes are bored in the beams with a 
gimlet bit. A sheet-iron templet can 
be easily made for marking these holes 
and will be well worth the time spent 
in making it by the improved appear- 
ance of the rows of cleats. 

All heavy wires and cables should be 
secured to strain insulators at dead 
ends. A convenient method of doing 
this is bv the use of G. E. strain clamps 
or Matthews feeder clamps to hold the 
cables. The strain insulators should be 
anchored by long-thread eye-bolts so 
that the tension on the wires can be 
equalized. A strain insulator of the 
Giant strain type has been found very 
satisfactory by the writer. 

Where steel frame construction is 
used the cleats should be secured to 
wooden nieces bolted to the roof 
trusses. These pieces should be at least 
14 in. thick. 
Charleston, W. Ya. 


* * * ** 


Epwin C. BIRGE. 


In answer to R. S. T.’s question in 
the September issue, open wiring is 
permissible in mill buildings, but the 
work must be very neat. No. 8 wire 
or larger does not require supports 
every 412 ft. as smaller conductors do. 
Accordingly it may be supported at 
every beam. Rubber covered wire may 
be used, or cambric insulated if the 
voltage is high enough to warrant it. 
I would suggest asbestos covered 
(white wire) if low voltage is used. If 
the building in question is a cotton mill, 
asbestos-covered wire will make an in- 
stallation that harmonizes with the sur- 
roundings. All wires must be installed 
on the under side of beams or trusses. 
I would suggest using split porcelain 
cleats provided with two holes for 
screws. Round head, blued wood 
screws or galvanized lags make a neat 
installation, and they do not burst 
cleats as flat head screws do. The 
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proper size of cleats for a certain size 
of wire and insulation may be obtained 
from any electrical dealer’s catalog. 

For short spans, not over 100 ft., use 
plain strain insulators at one end and 
msulated turnbuckles at the other. 
The wire should be served directly into 
the strain insulators and turnbuckles, 
if it is not too large; if it is too large 
a link can be used. In spans of 125 tt. 
or more I would use insulated turn- 
buckles on both ends of the line. 

After deciding on the length of line 
serve strain insulator to wire and then 
reel off the proper length, allowing for 
serve to insulated turnbuckle. 

Procure a light, stout staging and 
“pull a line” under beams or trusses 
about 50 ft. long. Take a square, com- 
bination preferred, and mark the cen- 
ter of each cleat, usually about 6 in. 
apart. The holes may be laid off and a 
drill of the right size used to drill the 
holes before attempting to fasten up 
the wire. If neatness is not essential 
the wire may be pulled up fairly tight 
with turnbuckles and the cleats put 
on. 

When the holes are all drilled the 
strain insulators are fastened and a 
cleat put loosely on every other beam 
to hold up the slack in the wire. The 
eyes of the turnbuckles are then fas- 
tened at the other end of the line. A 
rope hitch is made around the wire 
and a chain or rope block is used 
to haul up the slack. The wire is 
pulled taut and the turnbuckle is let 
out until only one or two threads hold. 
The wire is measured for the serve and 
the block slacked off. It usually saves 
time to serve on the floor or where the 
electrician or helper is fairly comfort- 
able. When the nut end of the buckle 
is served on it is pulled into place by 
blocks and two or three threads are 
caught. The blocks are removed and 
all cleats are put on loosely; when this 
is done the buckles are tightened to 
suit, the tighter the better unless ex- 
posed to cold or snow and ice. 


“As mary hitches as needed 


How rope hitch is made, A, and 
method of fastening strain insula- 
tors and turnbuckles, B. 


— 


Fiber cuffs can be used to insulate 
serves unless a high voltage is used. 
A 3-in. cuff about 18 in. long is suffi- 
cient. Cuffs must be placed on the wire 
before fastening up and they are very 
easy to forget. I would suggest using 
some form of solderless cable tap, (I 
prefer Dosserts) for making taps. 
They are much neater than a splice or 
ordinary screw tap. A brace or power 
screwdriver or socket wrench for the 
lags will speed up tightening of the 
cleats. 

The reason for using a rope to pull 
up slack wire is that it does not cut or 
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mar the insulation and a cable basket 
cannot be used very well in this case. 
Plain wood strain insulators are gen- 
erally used but many suitable types are 
listed in dealers’ catalogs. The illus- 
tration shows the method of fastening 
strain insulators and turnbuckles and 
also the rope hitch. 

Any mechanic who puts a line up in 
the above manner will have a line that 
is straight and neat if he is reasonably 
careful in lining up the cleats. 
Birmingham, Ala. GRADY H. EMERSON. 
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Replying to R. S. T.’s question in the 
September issue, I always prefer to run 
open wiring, as well as conduit, on the 
ceiling or roof trusses. In the first 
place I am able to space the conduc- 
tors better than when I run them on 
the side walls. Also, they can be 
strung tighter, which makes a neater 
job. Conductors, when run on the ceil- 
ing, can as a rule be supported at 
shorter intervals. Of course, that all 
5 on the general layout of the 
job. 

I prefer single-conductor, split-type 
cleats. As regards using strain insul- 
ators, I use these on heavy conductors 
where I have to change from a vertical 
to a horizontal run inside of buildings 
where I can support the conductors at 
longer intervals in order to take the 
strain off the cleats. 

For smaller conductors I use two or 
three cleats as strain insulators. At 
the ends of the runs I generally use 
the Peirce insulated fork and turn- 
buckle as a strain insulator. By using 
a turnbuckle it is possible to draw the 
conductors tighter than can be done by 
using a block and tackle only. 

I hope that these suggestions will 
help R. S. T. in his problem. 
Chicago, III. A. NOEPPEL. 
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Jackshaft Bearing of Mill-Type Motor 
Leaks Oil.—I am having trouble with 
oil leakage from the jackshaft bear- 
ings of mill-type motors. These bear- 
ings are large, running from 3% to 7% 
in. in diameter. They are split and 
held in brackets which are integral 
with the motor frame. Both ends of 
the babbitt bearing extend beyond the 
bearing housing. There is one oil ring 
in each bearing. The oil leaks out 
around the shaft at the ends of the 
bearings and then drips on the sur- 
rounding apparatus. At times the oil 
will be drawn out of the bearing to 
such an extent that the oil level will 
Sing too low for the ring to dip in the 
o 


I shall appreciate it if some of the 
readers of INDUSTRIAL ENGINEER will 
give me the remedies they have used to 
overcome this trouble. 

South Chicago, Ill. O. C. 

In reply to O. C.’s question in the 
September issue, I think he will find 
much improvement if he will cut a 
groove in each end of the bearing about 
5½ in. from the outer end and then cut 
lateral or diagonal grooves back to 
the center of the bearing and there 
provide a hole for the oil to drain back 
-to the housing again. The groove 
around the bearing near the ends 
should be about m in. wide and fz in. 
deep and be made with a round-nosed 
tool in a lathe. The other grooves will 
no doubt, have to be cut by hand with 
a sharp, round-nosed chisel or tool 
made purposely for the job. It will not 
be necessary to cut diagonal grooves 
in the top half of the bearing, as the 
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oil on top will be drained to the bot- 
tom by the grooves cut around at each 
end. 

Donnacona, P. Q., Can. LEE F. DANN. 
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Referring to the question in the Sep- 
tember issue, Keystone grease, No. 6 
light density, has in many plants re- 
placed oil for the lubrication of ring 
oil bearings, due to its ability to main- 
tain its original consistency through a 
wide range of temperature. Where an 
oil which has the proper viscosity for 
this class of lubrication, thins down and 
begins to creep along the shaft and out 
of the bearing at temperatures of say 
110 deg. F., to 130 deg. F., the liquid 
grease is not affected by the heat, and 
therefore, stays in the bearing. 

Granting that mechanical conditions 


are right, it seems to us that a trial 


of this lubricant would largely over- 
come the trouble. 

No. 6 Light is wholly liquid and is 
made expressly for ring oil bearings, 
but as before stated it is unlike oil in 
that it will resist a wider temperature 
range without an alteration of its ori- 


ginal density. F. D. STREET. 
Sales Engineering Dept., 

Keystone Lubricating Company, 
Philadelphia, Pa. 


* * * * 
Is it Good Practice to Weld the Bars in 
uirrel 


90 Rotors? — We have a 
estinghouse type CCL 2-hp., 1,200- 
r.p.m., 220-volt, three-phase motor, 


whose rotor bars were fastened to the 
end rings with one screw and soldered, 
and were insulated in the slots with 
fishpaper. This motor drives an air 
compressor and is controlled auto- 
matically. Recently it failed to start 
when the switch was closed and when 
it was discovered the winding was 
roasted, the solder had run out of the 
rotor and the slot insulation was de- 
stroyed., 

The motor was rewound and the 
rotor welded. The bars were not in- 
sulated again. The screws holding the 
bars were left in and the spaces be- 
tween the ends of the bars were filled 
clear up with Tobin bronze. Now the 
motor refuses to start the load, but 
carries it nicely after it is once started. 
The winding is the same as before and 
there are no hot spots in either stator 
or rotor. I took a light cut off the 
end rings, but this made the motor 
weaker. 

I believe the rotor bars need slot 
insulation, but it will be a big job to 
cut off the weld and make new bars. 
Does welding these rotors usually 
cause this trouble? Previous to this 
I had always reinsulated and soldered 
the bars and had no trouble. If weld- 
ing is good practice I want to do it, but 
if it is not I want to leave it alone. 
Any information you can give me will 
be much appreciated. 

Also, can you tell me where I can 
get felt wicking, such as is used in 
the of] cups of small motors? 

Regina, Sask., Can. G. D 


Replying to G. D. in the September 
issue, it has been our practice for sev- 
eral years to weld all rotors which 
come in with the solder thrown out. 
As a matter of fact, welded rotors have 
superseded soldered rotors entirely. I 
believe G. D.’s trouble lies in the fact 
that he filled in the space between bars 
with the new metal. This had the effect 
of increasing the section of the end 
rings, thereby reducing the resistance 
in the squirrel-cage winding. This in 
turn reduced the starting torque of 
the motor. 

When welding CCL rotors it is our 
practice to weld only along the bottom 
edge of the bar and not fill in the space 
between bars. Since it will probably 
be difficult to remove the Tobin bronze 
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from between the bars I would advise 
G. D. to take another good cut off the 
end rings and thus reduce the cross 
section. 

With reference to the slot insulation 
on the rotor bars, the current induced 
in the squirrel-cage winding is of such 
low voltage that there is no tendency 
for it to travel into the iron and for 
this reason insulation is not used on 
present-day squirrel-cage windings. 

I would advise him to apply to the 
motor manufacturer for the felt wick- 
ing used in the bearings. 

Walkerville, Ont., Can. R. B. TURNER. 
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In answer to the question by G. D. in 
the September issue of INDUSTRIAL EN- 
GINEER, I have had very good success 
in welding rotors and find that it does 
not affect the operating efficiency, pro- 
viding the bars are insulated from the 
laminations of the rotor. In one case 
where the insulation was removed the 
motor showed in operation the same 
characteristics as the one in question. 
After the bars were reinsulated the mo- 
tor operated as it should. 

Another thing that I have found out 
about welding rotors, is that it is very 
essential that they be perfectly bal- 
anced after the welding in order to 
remove any heavy spots. Otherwise, 
the rotor will cause serious vibration. 
Goldfield, Nev. PHIL D. Comer. 
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In reply to the question by G. D. 
in the September issue, I once had 
the same trouble with a 20-hp. CCL 
motor. I overcame it by reinsulating 
the rotor bars, soldering the end rings 
and tightening the screws and the mo- 
tor has given excellent service for the 
past eight years. In the type of mo- 
tor he speaks of the rotor bars should 
be insulated allowing the secondary 
current to follow the path of the cop- 
per. Under present conditions, the 
secondary current is flowing in all di- 
rections through the rotor so that it 
cannot exert the required amount of 
twisting effort to start the load. 


Chief Electrician, EARLE N. DILLARD. 
Booth-Kelly Lumber Co., 
Springfield, Ore., 
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G. D.’s trouble, described in the Sep- 
tember issue, is due to the fact that 
the space between the rotor bars was 
filled in with metal flush with the top 
of the bars and, no doubt, extending 
back along the bar the width of the end 
ring. The result is that the end ring 
is shorted and a very low resistance 
motor is obtained. 

All of our service stations make it 
a practice to weld all rotors of this 
type, but they do not fill up the space 
between the bars with metal. Only a 
small fillet is put along the edge of the 
bar where it makes contact with the 
top surface of the end ring. After weld- 
ing a light cut, m in. to % in. deep, is 
taken off the end rings and bars in 
order to bring the starting torque back 
to normal. Welding is good practice, 
when it is properly done. 

The only thing G. D. can do now is to 
chip out the metal between the bars or 
put a number of saw cuts in the added 
metal, between the bars. If this does 
not bring the torque back to where it 


belongs, put a few saw cuts in the bars 
themselves. The cuts should probably 
be from K to % in. deep. 

The insulation on the bars need not 
be renewed as it is very seldom that 
the current will pass through the iron. 
The complete rotor can be dipped in 
Sterling varnish, or any good varnish 
that will bake hard. This will help 
somewhat, but is not absolutely neces- 


sary. 
East Pittsburgh, Pa. A. C. Roe. 
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Answering G. D.’s question in the 
September issue, the rotor bars should 
be properly insulated, as they came 
from the manufacturer, and every bar 
should have a very substantial connec- 
tion with the end rings. If the screws 
are not enough, a thorough soldering or 
welding of each bar is needed. 

Even in squirrel-cage motors, al- 
though the rotor carries no winding, if 
these bars get loose at the end rings 
there is trouble. 

I recall one instance of a 25-hp. 
motor, in a large typewriter factory in 
Hartford, where a few bar connections 
loosened up, causing heat in the rotor 
and, as it was in the cellar, small 
sparks could be seen jumping from the 
rotor to the stator winding. 

With nothing else at hand to work 
with except a large hand-size gasoline 
torch; and a small gas and air burner, 
the latter was used to heat a large patch 
of half-and-half solder all around both 
end rings at every bar, the rotor being 
partly drawn out of the frame for con- 
venience. ; 

After that no heating or sparking 
was noticed, although this motor was 
an exhaust fan 10 hr. a day, 


a ta 
at full load. 
Jamestown, N. Y. H. S. RiIcH. 
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In answer to G. D. in the September 
issue, I do not think the trouble you 
are experiencing with your 2-hp., CCL 
Westinghouse motor is due to lack of 
insulation in the rotor. We weld ro- 
tors, both large and small, every day 
and never pay attention to the rotor 
insulation. The lack of starting torque 
is due to too much metal in the end 
rings. This will cause the motor to 
draw excessive current and refuse to 
come up to full speed. me 

I recently had an experience similar 
to yours with a 3-hp. 110-volt, G. E. 
motor which was rated at 16.5 amp., 
full load. When it came in it drew 65 
amp. when running light. l 

The windings and connections were 
checked with the factory data and 
found to be O. K. On examination, we 
found that someone had welded a 
bronze ring on the rotor when the bars 
came loose. It was a neat job, but on 
checking over the weight of copper on 
the rings, we found the rotor had more 
weight than the stator, which does not 
agree with present principles of de- 
sign. Generally speaking, the rotor 
carries about 80 per cent as much cop- 
per as is used in the stator. So we 
turned the excess off the rings and the 
motor operated satisfactorily. 

On small rotors we always weld only 
the ends of the rings. On large rotors, 
we just spot the bars to the ring. We 
have never had any trouble and prefer 
welding to soldering. For welding we 
always try to use the same kind of ma- 
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terial as is used in the rings or bars, 
so as not to change the secondary re- 
sistance materially. 

I hope this information will be of 
some value to G. D. 

NICHOLAS J. WEISS. 
West New York, N. J. 
* * * * 


In reply to G. D.’s question in the 
September issue, it was all right to 
weld the rotor bars to the end rings 
as this makes a better and stronger 
job and no harm can be done by so do- 
ing, providing you do not add too much 
metal. However, I believe that in this 
case sufficient metal was added to the 
end rings.to alter the resistance of the 
rotor materially. This would account 
for at least part of the trouble. 

I believe that if G. D. reinsulates the 
bars he can overcome this trouble. 

The felt wicking he mentions can be 
obtained from motor dealers or supply 
houses. 
Muncie, Ind. GEORGE CROPPER. 
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In answer to G. D.'s question in the 
September issue, I would like to say 
that his trouble is unusual, and seldom 
happens. I have seen numbers of ro- 
tors welded, practically all commercial 
sizes, and their operation has always 
been satisfactory. A slight additional 
heating might result but not enough to 
do any damage. I have removed the 
insulation from rotors and have seen 
numbers that came from the factory 
without any. Their operation has al- 
ways been satisfactory. In the motor 
in question the removal of the insula- 
tion must have caused the trouble, be- 
cause it would reduce the resistance 
and cause heating. In the case of a 
small motor I would think that a small 
amount of metal would be sufficient. In 
a rotor the higher the resistance, the 
higher the starting torque becomes, 
within certain limits. I would suggest 
that the insulation be replaced and the 
bars welded to a ring of the same com- 
position and cross section as the origi- 
nal ring, not using any surplus metal. 
I am sure that this will remedy the 
trouble. I believe the rotor has too low 
resistance as it now stands. I have 
always observed that welding properly 
done is a success and many motors are 
coming from the factory welded. 

Wicking for motors can be obtained 
from the manufacturer of the motor. 
Birmingham, Ala. GRADY H. EMERSON. 
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Use of Red Metallic on Repaired Arma- 
tures—After rewinding or repairing 
railway motor armatures a coating of 
Red Metallic and shellac is applied to 
certain parts—sometimes to the end of 
the commutator, or to the top of the 
bars where the leads are soldered on, 
to the projecting mica cone, and so on. 
Shellac mixed with it and applied 
seems to dry much quicker than 
straight shellac: also it makes a hard, 
permanent coating which has a certain 
cementing property, as when applied 
to the cone to prevent the fraying off 
of small mica pieces under operating 
conditions. However, Red Metallic is 
nothing but iron oxide, better known 
as iron rust, and is a good conductor 
of electricity. Therefore, I do not be- 
lieve anyone, including myself, has any 
justification for using it, for it cer- 
tainly is a conductor in the powdered 
state and probably is when mixed with 
shellac, although I have never had, or 
heard of, any trouble on account of {ts 
use. I use it as others do because the 
boss says to use it—-and he does not 
seem to have any reason for so doing 
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except that others before him have 

used it with no bad results. 

Why couid not the same quick-dry- 
ing and cementing properties be ob- 
tained by mixing shellac with a non- 
conducting material such as plaster 
of paris or chalk? I should like to 
know what other readers think about 
the use of this systerious Red Metallic, 
Oakland, Calif. S. H. S. 
In the September issue, S. H. S. 

asked about the use of Red Metallic. 
We have a Sturtevant fan, the driv- 
ing motor of which used to give us 
some trouble from shorts in the end 
of the commutator and burning to 
ground. 

After replacing the micanite insula- 
tion, we gave the end of the commuta- 
tor a heavy coat of Red Metallic and 
shellac and since then the commutator 
has not given any more trouble. The 
motor runs twenty-four hours a day 
and seven days a week, and since using 
the Red Metallic, we have had to re- 
pair the commutator only once in about 


three years. 
San Francisco, Calif. C. H. PRATT. 
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In answer to S. H. S., in the Sep- 
tember issue I do not believe it is 
advisable to paint commutators as 
mentioned, although there may be on 
the market so-called oil and water- 
proofing preparations of which the 
writer does not know. Commutators 
and commutator parts should be pur- 
chased from the manufacturers of the 
motors; the copper and the mica will 
then be of the best. Any pits or cracks 
which may develop on the end surface 
of the commutator may be cleaned 
thoroughly so as to remove all oil and 
carbon deposits; then press into the 
places to be filled, asbestos crumbs and 
shellac, and dry with the blow torch. 
Pits on the working surface of the 
commutator and undercutting between 
bars, may be filled with plaster of paris 
mixed with water. These methods 
have been used with success in railway 
and mill-type motors in one of the 
largest steel and iron works. 
Electrical Engineer, D. W. BLAKESLER. 


Jones & Laughlin Steel Corp., 
Pittsburgh, Pa. 
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_ Answering S. H. S. in the September 
issue, I would never try to use any con- 
ducting material as a non-conductor for 
any purpose, much less on 500- to 650- 
volt trolley lines. 

There are many good, substantial 
armature varnishes on the market for 
Just this purpose, and no risk is at- 
tached to their use. Shellac is not 
proof against water to any great ex- 
tent, as it is likely to crack, blister, 
peel and soften when wetted repeat- 
edly, and the addition of chalk, plaster 
of paris or iron oxide makes the compo- 
sition all the more liable to absorb 
moisture, the very thing it is desired 
to prevent. 

There may be some good reason for 
using this compound, but for better re- 
sults I would suggest that a good make 
of armature varnish be procured for a 
trial; coat one or two armatures thor- 
oughly and repeatedly and then dry 
them well. Note all the facts and the 
date and watch their operation over a 
period of time. The results will likely 
prove more satisfactory than when 
other materials are used. 
Jamestown, N. Y. 


H. S. Rick. 
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Meaning of Motor Nameplate Data—Can 
some reader tell me what Open Hp. 10, 
Amps. 75,—Closed Hp. 54%, Amps. 43,” 
means in the case of a General Electric, 
d. c., compound-wound motor which has 
the following nameplate data: No. 95790, 
Form B, Speed 650, Volts 115, Open Hp. 


10, Amps. 75—Closed Hp. 5%, Ampa: 43. 
Pat’d Feb. 14-88 up to Jan. 31-99. 
Mazatlan, Sinaloa, Mex. . C. L. 


Answering J. C. L.’s question in a 
recent issue of INDUSTRIAL ENGINEER, 
“Open horsepower” means the horse- 
power rating when all ventilating open- 
ings are used, and is the highest rat- 
ing. In other words, this condition 
gives the maximum dissipation of heat. 

The term “closed horsepower” means 
the horsepower rating when the motor 
is totally enclosed. Naturally the 
horsepower would be lowered, because 
there is less chance for the heat to es- 
cape. The heat would be greater un- 
der these conditions; so the horsepower 
rating is lowered in order to reduce the 
heating to a safe value. The totally- 
enclosed motor is used where the ma- 
terials suspended in the surrounding 
atmosphere are injurious, or objection- 
able inside the motor. 
Birmingham, Ala. 
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Conneeting Extension Bell to Telephone 
—I shall appreciate it very much if 
readers will give me some information 
on the following problem. In our en- 
gine room we have a telephone which 
operates from the city stem, through 
our own switchboard. en the en- 
gines are running it is impossible to 
hear the bell ring unless some one is 
standing close by the telephone. I 


G. H. EMERSON. 


wish, therefore, to install a l e alarm 
or extension bell. How should this be 
is used to 


connected? What Be 
ring the telephone bell What vol- 
tage and type of bell should I use? 
Is it necessary to use a relay for this 
bell; if so, what type is preferable? 
Please give me a wiring diagram 
showing how this bell should be con- 


nected. 
Chicago, III. W. A. B. 


If W. A. B., whose question appears 
in the September issue, will secure a 
telephone relay manufactured by the 
Benjamin Electric Company, Chicago, 
lll., and connect one side of it across 
the telephone line and the other side 
in series with a 110-volt bell across a 
110-volt line, his troubles will cease. 
The ringing current on the telephone 
line energizes the relay and closes the 
contact on the 110-volt side, thereby 
ringing the bell. If he desires, he can 
have a 110-volt red light connected in 
multiple with the bell and located on 
the engineer’s desk. The light will 
then call attention to the ringing of the 
telephone. 

Chief Electrician, ‘EARLE N. DILLARD. 


Booth-Kelly Lumber Co. 
Springfield, Ore. 
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In reply to W. A. B., in the Septem- 
ber issue, I would suggest that he in- 
stall a signal horn instead of a large 
bell. In my experience, I have found 
horns to be far superior to bells from 
the standpoint of both operation and 
audibility. A horn can be obtained that 
will suit any voltage from 6 volts to 
250 volts, a.c., or d.c. 

For reliability of operation, it is 
probably best to use a six-volt storage 
battery on a 6-volt horn, but any re- 
liable source of current will do, provided 
the voltage of the horn corre- 
sponds. A relay is nearly always re- 
quired for operating the horn, the con- 
nection being as shown in the diagram. 
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It will be seen that the coil of the 
relay is connected to the terminals of 
the telephone bell. This is essential, 
especially if there is a condenser in se- 
ries with the bell, which is the 
case in most telephones. It is 
hard to say what voltage is used on 
your telephone bell, as this varies 
on different systems. In ordering ex- 
tension bells or relays, the resistance 
of the bell ringers in ohms should be 
stated. This is usually stamped or 
printed on the bell coils. Of course, 


Ô wht battery 

or other Supply 
Method of connecting signal horn 
to telephone line, for operation on 
a local battery through a relay. 
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if a bell is preferred, it can be con- 
nected in the same manner as the horn, 
using the same relay, and operating on 
a suitable voltage; or a bell can be 
obtained that will operate directly from 
the telephone bell terminals. 

Any manufacturer of electric horns 
will supply the proper relay and direc- 
tions for its installation if the system 
it is to be used on is described. 

ERNEST DICKINSON. 
Kimberley, B. C., Canada. 
* * * * 


In answer to W. A. B. in the Sep- 
tember issue, if this telephone belongs 
to the Telephone Company nothing 
should be attached to it without their 
permission; however, they would install 
a bell for you, if needed. They will, of 
course, make an extra charge for the 
installation. 

On the other hand, both a loud bell 
and a 110-volt ruby lamp could be in- 
stalled to operate through a relay, the 
latter being made to work on the tele- 
phone line alternating ringing current, 
with the bell or light operated on either 
storage battery or city current as most 
convenient. 

I would suggest that you write to the 
Western Electric Co., New York, N. Y., 
for such apparatus, as they make all 
kinds of telephone equipment. 
Jamestown, N. Y. H. S. Ricw. 
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Answering W. A. B. in the Septem- 
ber issue, when connecting extension 
bells to a telephone system, it is very 
necessary to ascertain the ohmic resist- 
ance of the bells in service. The usual 
resistance is 1,000, 1,200 or 2,500 ohms. 
In exchanges where the battery is com- 
mon to all telephones and the operator 
is signaled by taking down the re- 
ceiver, it is necessary to connect a con- 
denser, usually 2 mf. capacity in series 
with the bell. In the case of a private 
line, the bells are connected in parallel 
with the line. If the line is a party 
line, ringing on the “ring” and “tip” 
side of the line, it will be necessary to 
connect one side of the bell to ground 
1 8 one side to the ringing side of the 
ine. 

In case the system is of the mag- 
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neto type, the condenser can be omitted 
and the bells connected as stated in the 
paragraph above. 

Any manufacturer of telephone sup- 
plies can furnish a loud-ringing gong 
at a nominal price. The American Bell 
Telephone Company uses Western Elec- 
tric bells almost entirely, but Kellogg 
and various other bells advertised in re- 
cent issues of INDUSTRIAL ENGINEER are 
satisfactory. 


Goldfield, Nev. PHIL D. COMER. 
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Trouble with Traveling Cranes—I am 
having trouble with two traveling 
cranes which run on the same track 
and are used for loading and unloading 
stone in a mill. One crane is rated at 
20 tons and the other at 30 tons. Each 
crane has two slip-ring motors of about 
20-hp. rating, which operate at 220 volts, 
sixty cycles and are controlled by Gen- 
eral Electric starters. When both cranes 
are in operation the hookers on the 
ground get a shock every time they touch 
the chains which are used to carry the 
load. When either one of the cranes is 
idle, the men do not get a shock. I have 
tested out all circuits with a magneto and 
was not able to find any indications of 
trouble. I shall appreciate it very much 
if any of the readers of INDUSTRIAL BN- 
GINBER can tell me how to find this 
trouble. 

Bloomington, Ind. H. M. 


In reply to H. M.’s inquiry in a 
recent issue, it is very evident that he 
has two grounds, one on each crane. 
He fails to state, however, whether this 
is a two-, three- or four-wire system. 
I will assume, therefore, that it is a 
three-wire system, as this is the most 
commonly used in industrial crane op- 
eration. 

Ground lamps should be installed in 
a convenient place so as to be visible 
from the crane cab. This is desirable 
from the standpoint of safety for the 
men as well as for the convenience of 
the electrician. These lamps should be 
installed as shown in the accompany- 
ing sketch. 

After installing the ground lamps 
one crane should be run with the chains 
on a good ground and the lights noted. 
If the lights go out on one phase and 
the lights on the other two phases 
brighten, the ground is on the dead 
9985 which can then be traced to the 
motor. 


Method of installing ground lamps 
to detect grounds on crane. 


After one crane is cleared up in this 
manner, the other crane should 
treated similarly. In case the trouble 
cannot be found, but grounds exist, 
connect both of the grounded phases 
on the motor side of the conteoller to 
the same phase on the trolley. This 
can be done by changing all three wires 
and still not change the direction of ro- 
tation of the motor. Although this 
procedure is not to be recommended and 
should not be necessary, inasmuch as 
it should be possible to locate and clear 
up any grounds which exist, it will keep 
the men from getting shocks, if the 
ground lamps are disconnected. 

East St. Louis, IN. A. H. SUMMERS. 


S: 
— 
4 


be welcome. 


Installing Many 
Individwal Coolers Instead of 
General Ventilation 


N EFFECTIVE and unique venti- 
lating system, which is installed 
in a bank in New York City, for sup- 
plying cool air directly to individuals 
in a spacious area, may be suggestive 
of some industrial applications, espe- 
cially where it is more desirable to dis- 
charge the air near a worker than 
openly in the building, as is done by 
fans and ordinary ventilating pipes. 

In the basement, just outside of the 
large deposit vaults, a blower fan, 
which is driven by a 3-hp., direct-cur- 
rent motor, is bolted to a concrete foun- 
dation. The blower draws fresh air 
from the outside of the building 
through an intake pipe located about 
2 ft. above the walk. The open end 
of this pipe is covered with a fine wire 
gauze. A 4-in. galvanized iron pipe, 
with air-tight soldered joints, is car- 
ried from the 20-in. fan along the ceil- 
ing and up through the floor above to 
the rear of the partitions in the bank 
room itself. Here the pipe branches to 
a smaller size and is carried to the 
right and left along the floor at the 
lower edge of the partitions around 
three sides of the room. 

At every employee’s desk and at 
every window a 1-in. tin pipe, similar, 
to speaking tube, with joints tightly 
soldered, is carried upward from the 
floor. By means of a slide at the end 
of each pipe the amount of air can be 
readily regulated. As the 1-in. pipes 
are branched off the main distribution 
pipe is reduced in diameter. The 
pressure is just enough (I do not recall 
the exact pressure) to cause a steady, 
noiseless flow of cool air to pass out of 
the nozzles. On a warm, summer’s 
day the whole room is perceptibly cool, 
yet no fans or other contrivance for 
cooling the place are visible to the 
patrons. Li 

This method of supplying cool air is 
well liked by the employees because it 
is no trouble to them, and the air can 


Building Maintenance 
and Plant Safety 


The object of this department is to give details of build- 
ing maintenance procedure and best practice in safety 
work. Articles on ways of handling natural wear and tear 
or other depreciation, repair methods, rebuilding, ex- 
tensions, cleaning and painting operations will always 
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be regulated by each individual to suit 
himself. On a warm day the janitor 
starts the motor and lets it run until 


elosing time. 
New Britain, Conn. 
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How Steel Hose Reels Reduce 
Maintenance Costs 


OSE reels as ordinarily used in 

industrial plants are made of 
cast-iron and are easily broken by 
bumps if they are located in or near a 
crane runway where there is trucking 
and handling of materials. This prob- 
lem of how to prevent this breakage 
has been solved by F. J. Heuring, Bu- 
reau of Safety and Plant Protection at 
the Michigan City, Ind., plant of The 
Pullman Company. Here cast-iron reels 
for 1%-in. fire hose, are, when broken, 
replaced by reels constructed of steel 
which can easily be straightened or re- 
paired in case of a bump. These reels 
are made up of No. 10 gage steel on a 
3-in. wood roller with a %-in. pipe 
through the center to serve as an axle. 
Center plates 10 in. in diameter and 
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When a cast-iron hose reel is 
broken, it is replaced by one of 
these special steel reels. 
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made of the same gage stock are riv- 
eted on each side of each of the two 
plates to give the reel additional rig- 
idity and allow for connection with the 
%-in. threaded pipe used as an axle. 
The reel is suspended from the wall or 
post by an arm of %-in by 1%-in. bar 
steel on a pivoting bracket, as may be 
seen from the illustration. Steel used 
in the construction of these reels is 
practically all taken from miscellaneous 
scrap materials. 
New York, N. Y. G. F. H. 


— — 


Advantages of Proper Design in 
Floor Arrangement 


1 columns in a building afford a 
convenient anchorage for parti- 
tions—in fact, so convenient that often 
the load-carrying capacity of the floor 
is seriously reduced by reason of the 
load being practically concentrated in 
the middle of spans. 

A short time ago I was called upon 
to report on the condition of a build- 
ing used for light manufacturing. The 
ground floor contained the machinery, 
and the second floor the stockroom and 
parts storage. The building construc- 
tion was of the “combination” type; 
brick walls, cast-iron columns, steel 
girders, and wood floor-beams and floor- 
ing. The span of the girders and beams 
was 20 ft. The girders were 20-in., 
65.4-lb. steel I-beams, while the floor 
beams were 6-in. by 16-in. yellow pine, 
spaced 5 ft. apart. Under a fiber stress 
of 1,200-lb. per sq. in. in the floor 
beams the allowable loading was 100-Ib. 
per sq. ft. of floor area. The steel gir- 
ders (with the usual 15 per cent reduc- 
tion of assumed floor load) would per- 
mit a load of 180 lb. per sq. ft. De- 
signing the floor beams for a load of 
100 lb. per sq. ft., and the girders for 
a load of 180 lb. per sq. ft. (or the re- 
verse), is an inconsistency which is fre- 
quently met. 

The occupants of the building were 
concerned about its safety because of 
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the “springiness” of the floor. While the 
floor was a little overloaded in spots, 
there was no cause for alarm, although 
the owner’s desire to add to the load 
could not, of course, be granted with- 
out arrangement. 

An estimate was made of the load- 
ing imposed by the various bins and 
racks, and a layout of the floor drawn 
up. By placing the racks containing 
heavier materials over the girders, and 
building them up to the ceiling, also 
arranging the stocks of bins so that 
aisles and partitions occupied the mid- 
dle of spans of floor beams, the capacity 
of the entire floor was more than 
doubled. At the same time more room 
was provided for trucking. The bins 
and racks placed over the steel girders 
were built solidly along the line of the 
columns and up to the ceiling. This 
construction imposed a shearing load 
on the column brackets and contributed 
little to the bending-moment on the 
beams. . 

All jobs of any importance should be 
laid out to scale on paper. Too fre- 
quently jobs of the kind described above 
are left to carpenters, simply because 
the job involves woodworking, and the 
result is often unsatisfactory because 
the carpenter could not give the best 
answers to the problems involved. All 
jobs must be designed somewhere. 
When designed on paper, changes may 
be made in a few minutes by the aid 
of eraser and pencil. When the job is 
designed “in the field,” changes are 
made only at an expense in materials 
and labor. Probably everybody has 
watched the progress of “field design- 
ing.” One or two men mull over the 
advantages and disadvantages of sev- 
eral ideas, and several other men stand 
about waiting to carry out the verdict. 
Generally the owners, or management, 
are responsible for this condition be- 
cause of the erroneous idea that the 
trained designer is too expensive. How- 
ever, when building alterations, or the 
proper distribution of loads is being 
considered, good advice is worth all, 
and more, than it costs. 

Kansas City, Mo. C. O. SANDSTROM. 
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Support for 
Shafting and Pipe Lines Made of 
Welded Pipe 


RACTICALLY every concern with 

a welding outfit is familiar with the 
many welding applications possible in 
the miscellaneous construction work 
around an industrial plant. The accom- 
panying illustrations show two such 
applications which may be of interest 
to other industrial concerns. The illus- 
tration at the left shows how a line- 
shaft was supported on a framework or 
bent built of pipe and short lengths of 
I-beams. Here, it was necessary to 
install the lineshaft at an elevation 
which could not be conveniently reached 
‘by shaft hangers suspended from roof 
trusses. These berts are rigidly sup- 
ported in concrete footings. 

The construction of the joint by 
which the top horizontal I-beams were 
connected to the inclined posts is given 
as follows in some recent literature is- 
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These frames for supporting line- 
shafting and hangers were made 
by welding pipe to an I-beam 
crosspiece. 


sued by the Linde Air Products Co., 
New York City. First, a slot shaped 
like an inverted “T” was cut in the 
top of each post with the cutting blow- 
pipe. This was made sufficiently wide 
and long enough so that the end of 
the I-beam could extend into the pipe. 
The bottom flange of the “I” rested 
on the bottom of the horizontal part 
of the slot but the top flange of the 
beam rested on the end of the pipe. 
The beam was then welded to the pipe 
posts at all points of contact. 

I-beams were used as top horizontals 
to provide a flat bearing suxface for 
the cast-iron pillow blocks which were 
attached by means of U-bolts. The 
final lining-up was done by shimming 
up between each pillow block and its 
support. These bents were not only 
strong and neat but were made at a 
very low cost. 


— 
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Another type of special support for 
pipe lines built up by welding 
scrap pipe. 
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The other illustration shows how a 
support for an irregular pipe’ layout 
was made through a special welded con- 
struction. | 

— — 
Making Permanent Markings for 
Lining Up Aisles 
LTHOUGH it is the usual custom 
to paint a white stripe on the floor 
in industrial plants to mark the loca- 
tion of aisles, these stripes frequently 


become defaced particularly on wooden 


floors where heavy castings and ma- 
chine parts are moved around fre- 
quently. So that it will not be neces- 
sary to lay out this aisle location each 
time new markings are necessary, one 
company has nailed large metal disks 
to the floor along the edge of the aisle 
about every 10 ft. With these disks 
it is easy to find the line of the aisle 
even though it has practically been de- 
faced by the trucking and wear of the 
castings. Also, the aisle can easily be 
lined up again by eye when painting 
from tack to tack. 
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Binder for 
Patching Concrete F loors Worn 


by Trucks 


E first step in repairing concrete 
floors worn into ruts from trucking 
is to cut away the top dressing, which 
is usually about 2 in. thick. A good 
tool for this is made as follows: Take 
a piece of 1%-in. hexagonal steel, 
about 2 ft. long, and put a diamond 
point chisel on one end, about 1% in. 
long. This tool should be made as hard 
as possible and still not too brittle. 
With this tool and a 15-lb. hammer, 
the concrete top dressing can be easily 
broken away. 

A common cold chisel proves satis- 
factory for trimming around the edges 
of the hole. Another good tool for this 
purpose is a mason’s brick chisel. This 
is made of a piece of %-in. steel, about 
6 in. long; 4 in. are used for a handle 
and the other 2 in. is drawn out flat, 
forming a blade about 2 in. long and 
3% in. wide. 

All surfaces must be cleaned thor- 
oughly and all loose material removed 
from the opening. Before placing the 
patch it is necessary to supply a binder 
so as to get a good union between the 
old and new cement. In our plant Iron- 
Stone Welding Cement (Stone Tar 
Products Company, 97 South Sixth 
Street, Brooklyn, N. Y.) is used. This 
is a white powder resembling plaster 
of paris and is mixed with water to the 
consistency of thick cream and applied 
with a brush. It is not necessary to 
dampen the old cement as the binder 
takes care of that. The entire surface 
of the old cement should be covered 
with the mixture and new cement 
poured when the binder is nearly dry. 

The top dressing patch is made of a 
mixture of one bag of cement and two 
wheelbarrows of sand. After the con- 
crete patch is poured, it should be al- 
lowed to stand for about 2 hr. until it 
begins to dry. The surface should then 
be trowelled in the same manner as any 
cement floor. 


American Chain Co.. 


Bridgeport, Conn. D. FLIEGELMAN. 


Electrical Service 
Around the Works 


Safety Clamp for 
Locking Compensator to Prevent 
Starting of Motors 


HE use of locks as a means of 

locking safety switches and other 
control devices is becoming more wide- 
spread. In the accompanying illustra- 
tion is shown a method of locking the 
handle of a compensator in the off posi- 
tion, thereby preventing any one from 
starting the machine controlled by the 
compensator until the lock is removed 
from the clamp. Locks are provided 
for the operator of the machine, the 
electrician, and any other maintenance 
men, so that in case any or all of them 
are working on either the electric 
lines or any part of the machinery con- 
nected with the starter, they can safe- 
guard themselves by locking the starter 
in the off position with their padlocks. 
Many accidents and near-accidents have 
been averted through the proper use 
and installation of this lock. 

The locking clamp is made from No. 
10 gage sheet steel. A hole is punched 
in one end of it of a size that will slip 
over the handle of the compensator. A 
slot about -in. wide and 4 in. long is 
made in the other end to take the end 
of the bracket which is bolted to the 
compensator case. This bracket is 
made of No. 10 gage sheet steel and 
has three %-in. holes drilled in it to 
permit the use of three separate pad- 
locks. If it is likely that more than 
three padlocks will be used simultan- 
eously to lock this compensator, more 
holes may be provided in the bracket. 
One end of a piece of chain is fas- 
tened to the locking clamp and the 
other end of the chain is fastened to 
the bracket cap screw. This is to 


These clamps are easily made from 
sheet steel and will save their cost 
many times over in accidents 
averted. 

These two illustrations, furnished by 
the National Safety ouncil, show 
how the clamp is attached to the 


compensator and the method of us- 
ing it. 
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For this section ideas and practical methods de- 
vised to meet particular operating conditions are 
invited from readers. The items may refer to inspec 


tion, overhauling, testing or special ins 


prevent the clamp from being mislaid 

when the lock is not being used, as is 

shown in the right-hand illustration. 
GEORGE E. WALLIS. 

National Safety Council, 

Chicago, Ill, 
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Method of Arranging Conductors 
to Indicate Voltage 


N HIS paper on safe operating prac- 
tice with regard to electrical de- 
vices, presented at the Safety Congress 
recently held at Louisville, Ky., G. F. 
MacWilliams, electrical engineer of the 
Pennsylvania Coal & Coke Corporation, 
Cresson, Pa., spoke as follows of the 
necessity of having some system of 
identification of conductors carrying 
different voltages, so as to protect the 
maintenance men working on them. 
In laying out a new wiring installa- 
tion all conductors should be arranged 


so as to indicate to the workmen the 
pressures of the different wires. Col- 
ored cables and conductors, also insu- 
lators and supports, may be used to in- 
dicate the pressure of the conductors. 
In plants where many different cir- 
cuits are laid out together, it is pos- 
sible sometimes to arrange those con- 
ductors carrying the highest voltage in 
places where they will be safest. In 
some installations it may be possible to 
locate conductors carrying high volt- 
ages on the uppermost arm or rack of 
the supporting structure. 

When using insulated wires it is well 
to use only conductors having an insu- 
lation which, under nearly all condi- 
tions, could never become dangerous. 
If this cannot be done, bare wires 
should be installed as they can in no 
way convey to the workmen a false 
idea of security. Many people have 
been injured by mistaking weather- 
proof wire for insulated wire. The 
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number of such accidents would have 
probably been much less had the wire 
been bare. All cable sheaths and con- 
duits, carrying conductors, should be 
grounded. Metal tags may be placed 
on cable sheaths indicating the volt- 
age carried by the conductors, also end 
bells or potheads should be plainly 
marked. All cables or wires should 
receive a test of two and one-half times 
their working pressure soon after be- 
ing installed. 
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Chart for Finding 


Kva. Required to Raise Power 
Factor to Desired Value 


ETERMINING the corrective kva. 

required to raise a certain load 
from one power factor to a higher 
power factor is a tedious process when 
done mathematically. The accompany- 
ing chart, which was taken from a 
booklet entitled “Starting Condensers 
for Power-Factor Correction,“ pub- 
lished by the Westinghouse Electric & 


Present 
Power Factor 


480 


170 


Percent 
Reactive Kv-a 


INDUSTRIAL ENGINEER 


Mfg. Company, performs the desired 
calculation almost instantly. 

Assume that it is desired to deter- 
mine the corrective, kilovolt-ampere 
capacity that is required to raise a 
100-kw. load from 65 per cent power 
factor to 85 per cent power factor. On 
the left-hand scale (marked Present 
Power Factor) of the chart find the fig- 
ure representing the present power fac- 
tor, that is, 65 per cent; on the right- 
hand scale find the figures representing 
the desired power factor, which is 85 
per cent. Join these two points by 
means of a straight edge and from the 
center scale read the reactive kva. in 
per cent of the present kilowatt load 
required to correct from one power 
factor to the other. This percentage is 
55. Now multiply the kilowatt load by 
this percentage to get the corrective 
kva. required; that is, 55 per cent of 
100 kw. equals 55 kva, which is the cor- 
rective capacity that will be required. 

The small diagram in the chart 
shows how the chart was prepared. The 
base of the triangle is taken as 100 per 


Oesired 
Power Factor 
100 


100% 
Cos.£=Present Power Factor 
Cos 8-Desired Powerfactor 


C=Reactive kv-a in percent 
of present kw load 


Cetank-lanB 


70 


To find the “per cent reactive kva.” necessary 
to raise the present power factor to any de- 
sired figure, place a straight-edge connecting 
the corresponding values in the outer scales 


of the chart. 


Read the reactive kva. in per 


cent of the present kw. load on the middle 
scale. Copyrighted by the Westinghouse Elec- 


tric & Mfg. Company. 
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cent and represents the present kilo- 
watt load. The present power factor is 
represented by the cosine of the larger 
angle; that is, cos @ and the desired 
power factor is represented by cos Bil. 
The reactive kva. with the present 
power factor is represented by the ver- 
tical side opposite the angle @ and is 
equal to tan a. Likewise the reactive 
kva. of the desired power factor is rep- 
resented by tan 8. The reactive kva. 
required to raise the present power fac- 
tor to the desired power factor would, 
therefore, be represented by the differ- 
ence of the tangents of the angles and 
is shown at (C) in the diagram. 
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Method of 
Fishing Complex Bends Through 
Flexible Steel Conduit 


HE method which was used to 

overcome the difficulty in fishing 
wire through flexible conduit on a spe- 
cial job may be of interest to readers 
of INDUSTRIAL ENGINEER, 

A headlight turbine generator was 
put on one of the locomotives of a small 
branch line railroad and it was neces- 
sary to install lights inside and a head- 
light on the end of a passenger coach. 
The wiring was all in conduit and be- 
cause of the spiral ribs in the flexible 
conduit it was impossible to get a fish 
wire around some of these bends. which 
were numerous and complicated, al- 
though the wire had a closed loop on 
the end and was twisted and maneu- 
vered in every way for a long time. 

Finally, the fish wire was taken to 
the shop and a No. 18 copper wire was 
wrapped a number of times around the 
loop and then tinned and soldered. After 
this, it was dressed down with a file 
until a ball about % in. in diameter 
was formed at the end of the fish wire. 
By pushing and twisting, we were 
eventually able to get the fish wire 
through the flexible conduit. It was 
then a comparatively simple matter to 
draw the conductors through also. 
However, the ball on the end of the fish 
wire really did the trick. 

Oakland, Calif. S. H. SAMUELS. 
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Securing Maximum Service from 
Induction Motors 


OW to get maximum service out 

of induction motors is something 
that many users do not fully under- 
stand; nor is all apparatus for starting 
and protecting such motors designed 
to allow them to give the best per- 
formance and still protect the motor 
against harmful abuse. Unlike other 
types of motors, there is no chance of 
sparks being thrown from the standard 
squirrel cage induction motor so com- 
monly used for all kinds of drives, un- 
til a wire or lead actually shorts or 
breaks, which takes some time under 
the severest conditions, and is preceded 
by considerable smoke. Overloads of 
short duration even to the point of 
stalling the motor under full-line volt- 
age do not hurt a good standard make 
of induction motor if it is released in 
time or else cut off the line entirely, 
should it remain stalled, before the 
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winding has time to heat enough to in- 
jure the insulation. Throwing such 
motors on full-line voltage when stand- 
ing still or even reversing them under 
full-line voltage does not seem to do 
any harm to a good machine of less 
than 50 hp. rating, nor to larger ma- 
chines if the coils are well bound or 
supported. With a hand starter or 
compensator where the motor is discon- 
nected when changing from the start- 
ing to the running side, as is the case 
with most starters, the oscillograph 
shows under certain conditions a 
higher current for one or two waves 
than it would show when the same 
motor is thrown on the full-line voltage 
when standing still. Such high cur- 
rents have a tendency to rack the coils 
or twist them, but on all good, small 
and medium-sized machines the coils 
are supposed to stand such a stress. 

Unlike direct-current machines a 
starter would not be necessary to start 
an induction motor or protect it from 
injury in starting, but it is necessary 
in order to make motors start smoothly, 
thus giving the driven machinery time 
to start and preventing the line volt- 
age from dropping by allowing the mo- 
tor to draw only a fraction of the 
current it would draw if it were thrown 
directly on the line when standing still. 

While I would not advise anyone to 
abuse any motor unnecessarily thus, I 
am mentioning this in order to 
strengthen some other points that I 
wish to bring out in this article. 

When properly cared for an induc- 
tion motor will stand considerable abuse 
in the way of overloading. For ex- 
ample, an induction motor that is rated 
at say, 10 hp., with 25 per cent over- 
load for two hours, will carry 10 hp. 
continuously with not more than 40 
deg. C. rise in temperature and while 
so running and heated to that tem- 
perature will stand an overload of 25 
per cent more for two hours before 
reaching a temperature 55 deg. C. 
above that of the room, providing that 
the motor is clean and the ducts open 
so as to afford proper ventilation. 
When all the ducts are filled with dirt 
proper ventilation is impossible and the 
machine may even be insulated against 
radiation, as is so often the case, and 
the user does not understand why his 
motor burns out and requires rewinding 
occasionally. Where these machines 
are in very dusty places they should 
be well cleaned with compressed air to 
keep the ducts open or else placed so 
that the dirt and dust are kept out, if 
the full rating is to be expected of 
them. 

From my experience in looking after 
such motors in different manufacturing 
plants I have found that few of them 
have a constant load, nor is the user 
getting the best service out of his mo- 
tors. There is oftentimes a tendency 
to get a larger motor than is required 
to carry the load. This is expensive all 
around. The extra power consumed in 
running a larger motor than necessary 
is quite an item when the motor is 
used continuously, but more than that 
the power factor of the line may be 
greatly reduced by such a practice, call- 
ing for higher rates from the power 
company. Where the load varies 
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greatly or there are high peaks the 
starter should not release the motor for 
several seconds under any overloads 
because very often these are of such 
short duration that they can do the 
motor no harm if sufficient time is al- 
lowed for it to cool off for the next 
high peak. A motor so operating can 
without any harm carry all it will pull, 
which is usually over twice its rated 
capacity plus its momentum as it 
slows down in speed, if the protecting 
relays are properly designed. Auto- 
matic starters have a great advantage 
over hand-operated starters in that 
their protective devices can act to pro- 
tect the motor under all conditions, 
starting as well as running, which is 
not true of most hand-operated start- 
ers where the handle can be held and 
the motor subjected to abuse in spite 
of the protecting devices. Also, auto- 
matic starters always give the motor 
the proper time in which to start and 
on account of the quick action of their 
mechanism the contacts are subjected 
to much less burning than is the case 
with hand-operated starters. 
PHILIP G. BERNHOLZ. 

East Orange, N. J. 
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Convenient 
Arrangement of Water Still and 
Storage Bottles 


W not over seven or eight 
storage battery tractors are in 
use, a still for supplying the distilled 
water needed can be put in without 
great expense and will be found very 
convenient. In one plant the arrange- 
ment of still and water storage bottles 
shown in the accompanying illustration 
has been installed and is giving very 
satisfactory service. 

As will be seen, the still is mounted 
on the wall directly over the two water 
storage bottles which are of 5-gal. ca- 
pacity each. A plank 2 in. thick, 12 in. 


The still is mounted directly over 
the bottles in which the distilled 
water is stored and drawn off into 
the storage batteries as needed. 


Vol.82, No.12 


wide and 24 in. long supports the bot- 
tles which are inverted and rest in 
chamfered holes. This shelf in turn is 
Supported on %4-in. by 1%-in. iron 
brackets fastened to the wall by ex- 
pansion bolts. For protection, the bot- 
tles are enclosed on the ends and top 
by a box-like wooden frame, which has 
a strip nailed across the front to pro- 
tect the bottles and keep them from 
falling in case they should tip. 

Two %-in. copper tubes are led into 
each bottle through the corks, which 
are tied in position and covered with 
sealing wax. One of the tubes serves 
as an air vent and on the inside of the 
bottle reaches nearly to the top. On 
the outside, these tubes extend slightly 
above the top. The other two tubes, 
which project only two or three inches 
above the cork, are joined together by 
a Tee fitting, the side outlet of which 
is connected to another length of cop- 
per tubing which is attached to the 
bottom of the still and serves to convey 
the distilled water from the still to 
both bottles at the same time. 

Water for filling the batteries is 
drawn off through a short piece of cop- 
per tubing inserted through the cork 
of the left-hand bottle. This piece of 
tubing is clamped to the wall to avoid 
putting strain on the other tubes. To 
it is attached the rubber tube which 
terminates in the battery filler. The 
water inlet tube which is common to 
both bottles also acts as an equalizer 
and maintains a constant water level in 
both. 

When installed, the highest part of 
the bottles was placed 5 ft. above the 
floor to insure a good flow of water 
into the battery of the tallest truck, 
which is about 4% ft. high. 

The alarm is placed close by on 
brackets, with the dry cells, relay and 
bell enclosed. The leads are carried to 
the nozzle tip where contact is made 
and the alarm sounded when the solu- 
tion in the cells reaches the proper 
height. 

With this type of still a steady 
stream of cold, city water is kept flow- 
ing through the condensing column and 
out of the discharge pipe. About % in. 
depth of water remains in the upper 
receptacle where it is boiled by a bun- 
sen burner directly below. In case the 
water is allowed to flow too fast, an 
overflow outlet leads it away and dis- 
charges it into the sewer. 

Intake of water and gas can be 
closely regulated and when the still is 
working properly, a steady, small 
stream of distilled water flows out at 
the bottom. 

This outfit will fill the bottles to 
capacity, about 10 gal., in 15 hr. of 
steady going, which means that about 
7 gal. can be produced from 7 a.m. to 
5 p.m. This is sufficient to supply 
seven or eight tractors using Edison 
batteries which must be watered every 
day when worked rather hard and 
steadily. 

The still was secured from the S. J. 
Stokes Machine Co., Philadelphia, Pa., 
the bottles from a drug store, the rub- 
ber and copper tubing from a hardware 
store, and the alarm and filter nozzle 
from the Edison Storage Battery Co. 
The shelves and brackets were made 
up in the shop. 
Jamestown, N. Y. 


H. S. Ricnw. 
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This department will furnish mechanical 
details of installation, operation and mainte- 
nance of equipment in the path of power 
service from the first mechanical driv- 

ing element through transmitting 
equipment to all driven machines. 


Mechanical Maintenance of 


Power Drives 


Driving Shafts at Right Angles 


With Special Transmission 


RDINARILY where shafts must 

be driven at an angle, it is neces- 
sary to use bevel or miter gears, or if 
the connection is to be by belt, through 
a mule stand. Under ordinary condi- 
tions bevel or miter gears are rather 
noisy. In addition, it is essential that 
the shafts be in the same plane and not 
offset. 

Where a 1 to 1 angular velocity ratio 
is desired, it is possible to use the spe- 
cial Bartlett angular transmission, even 
though the shafts be at a right angle to 
each other, as is shown in the accom- 
panying illustration. When used as 
right-angle drives for lineshafting spe- 
cial hangers, with self-aligning, ball- 
bearing hangers and oil cases, are rec- 
ommended. This drive is attached to a 
1ys-in. shaft which has a full-load rat- 


These drawings show how the an- 

transmissions operate under 
conditions of angular and offset 
misalignment. 


ing of about 3.43 hp. per 100 r.p.m. 
The maximum speed of this size of 
coupling is 465 r.p.m. This drive oper- 
ates in an oil case which consists of an 
upper and lower half which telescope 
into each other. The lower half is se- 
cured to the hanger. Bearings of the 
self-aligning type, combined with the 
flexibility of an angular drive, permit 
the transmission to be placed directly 
at the shaft end even though the two 
shafts do not lie precisely in the same 
place. 

How this drive operates for connect- 
ing to shafts at an angle and also in 
case of misalignment, is shown in tle 
two accompanying sketches. These 
drives are made in nine sizes to be 
used on shafts varying from 74s in. to 
2% in. in diameter and are capable of 
transmitting from 0.10 hp. to 12.5 hp. 
The speed ratings of the smaller size 
are 1,850 r.p.m. maximum and on the 
larger size 250 r.p.m. maximum. 


Making a right-angle drive on a 
lineshaft. 
Here two 1%,-in. lineshafts are con- 


nected at right angles through a special 
Bartlett angular transmission (G. M. 
Bartlett, 2533 College Ave., Indiana 

Hs, Ind.). This special drive, together 
with the self-aligning bearings enable 
the installation to operate even though 
it is not in perfect alignment at 0 
ends of the shaft. This connection will 
transmit up to 3.43 hp. per 100 r.p.m. 


and has a maximum rating of 465 
r.p.m. 


Lubrication Methods 
For Motor Bearings Operating 
In Hot Locations 


OTORS are sometimes called 

upon to operate in locations sub- 
ject to high temperatures produced by 
such equipment as induced draft fans 
on boilers, calcining kilns and the like. 
In instances coming to the writer’s at- 
tention, the oil temperature in bearings 
of motors in this class of service was 
found to be between 160 deg. and 180 
deg. F. during the summer months. 
About thirty 25-hp. motors were oper- 
ated under this condition. The air tem- 
perature on the motor floor averaged 
about 130 deg. F., and the motors were 
located about 12 ft. from the induced- 
draft fans and ducts which handled 
gases at 650 deg. F. The temperature 
of the motor frame was always a few 
degrees lower than the oil temperature 
and the rise above air temperature was 
due to the heat radiated from the sur- 
rounding 650-deg. F. bodies and by the 


- conduction, through the frame, of the 


heat generated in the winding. 
Particular attention was paid to ven- 
tilation of the building in order to keep 
as low an air temperature as possible. 
The motors were of 25 per cent greater 
capacity than required by the load in 
order to keep the winding temperatures 
within safe limits and to reduce the 
heat which could be conducted to the 
bearings. In the original installation 
several 900-r.p.m., 30-cycle motors were 
installed, but observation soon proved 
that the bearing wear and failures were 
excessive and conditions could not be 
improved very much with that speed 
of motor. In later installations stand- 
ard 600-r.p.m., 25-hp. motors were used 
with bearing shells about 1 in. longer 
and % in. larger in diameter than on 
the 900-r.p.m. motors. This, together 
with the lower operating speed, in- 
creased the life of the bearings to the 
normal figure for motors in the rest of 
the plant. All bearings had standard 
cast- or wrought-iron shells, were bab- 
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bitt lined and ring oiled. Many of these 
bearings were replaced with a full 
bronze bearing turned from cored bar 
stock, and these gave very satisfactory 
performance especially in reducing the 
number of burned-out windings due to 
the babbitt melting out of the shell, 
which allowed the rotor to rub the 
iron of the stator. The disadvantage of 
a bronze bearing lining is that when 
it becomes overheated and “seizes” the 
shaft the latter is usually scored and 
necessitates turning down. After a few 
such turnings a new shaft is required. 
This, however, must be balanced 
against the cost of a new winding when 
the babbitt bearing fails. When the 
winding is undamaged a spare rotor 
with end bells and bearings, may be 
quickly substituted in the stator after 
a bearing failure. 

The secret of successful operation of 
either the bronze or babbitt type of 
sleeve bearing rests upon the type of 
oil used and the man who oils the bear- 
ing. As grades of any given oil seem 
to vary from year to year it would not 
be safe to specify any one oil as being 
the best and many serious “runs” of 
bearing failures on these drives de- 
scribed have been traced to a new batch 
of oil of the same grade, or of a new 
grade having the same “characteris- 
tics,” according to the maker. As a 
rule the class of oils known as machine 
oils will yield a satisfactory oil after 
some experimenting. The viscosity does 
not necessarily have to be high but 
rather should be as uniform as possible 
over a wide range of temperature. It 
should have the body and tenacity to 
cling to the ring in good quantity up to 
an oil temperature of 180 deg. F. Some 
oils become as thin in consistency as 
kerosene at this temperature and the 
bearing will run dry with a full oil 
well. A thick oil of the “cylinder oil” 
class is too heavy when the motor has 
been shut down some time and the oil 
allowed to cool. Then, the ring will 
hardly turn when the motor is started 
up and a burned out bearing often re- 
sults; this may be overcome in a de- 
gree by mixing the “cylinder” and 
“dynamo” classes of oils to the proper 
consistency so that the oil ring will re- 
volve freely when the mixture is at the 
air temperature of the motor room. 
This method depends on the personal 
element entirely too much and it is 
alwavs better to search for the proper 
oil which will work under a fairly wide 
temperature range and so eliminate one 
more variable or source of error which 
may cause trouble. 

As mentioned before much depends 
on making a careful selection of the 
proper type of man for oiler. A settled, 
middle-aged man who is conscientious 
should be selected and the wage pro- 
portioned to the importance of the job. 
A young man who is energetic and 
restless is not the type of man for a 
particular oiling job which is a mono- 
tonous routine of watchful waiting to 
detect the first sign of overheating. 
Where dust and heat are both present 
the bearings should be oiled and in- 
spected twice each day. Where the 
temperature is so high a bearing which 
is “overheated,” relatively speaking, 
may be detected by the quantity of oil 
necessary to replace the evaporation. 
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Best results are obtained when the 
bearing is flushed and oil replaced with 
new oil once a week. 

J. ELMER HOUSLEY. 


Electrical Engineer, 
Aluminum Company of America, 
Alcoa, Tenn. 
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Changing Group - Drive Plant to 


Individual Drive 


PERATING men in plants with 
an engine-driven lineshaft may be 
interested in the following account of 
how a similar installation was trans- 
formed to electric drive without inter- 
Here an 


ruption to normal operation. 


This shows the compact arrange- 
ment of the drive for an engine- 
driven generator shown in the ac- 
companying sketch. 
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18-ft. flywheel drove a 6-ft. 6-in. pulley 
on the tineshaft through a 26-in. dou- 
ble leather belt. The generator and the 
Lenix drive were erected while the old 
drive was still in operation, as it did 
not interfere. 

On the first Saturday afternoon after 
they were installed, the old belt was 
cut, spliced and fitted to the 200-kva. 
generator, shown in the sketch and also 
in the accompanying illustration. The 
entire new system was tried out on 
Sunday morning for a few hours to see 
that it operated satisfactorily. In the 
meantime, the lineshaft had been di- 
vided into sections that were connected 
up to electric motors; some of the 
machines were provided with individual 
drive so that on Monday morning, the 
entire plant operated with a mixture 
of group and individual drives, with no 
interruption of production. 

The pulley ratios at the engine fiy- 
wheel and at the generator are 1 to 9.6 
and operate on 16-ft. centers. This per- 
mits the generator to operate at 600 
r. p. m. whereas if it were not possible 
to get such a high pulley ratio, a low- 
speed generator would have to be used 
which would have cost considerably 
more. When the equipment is idle over 
night and on Sunday, the counter- 
weight which. gives the increased arc 
and maintains the tension is raised so 
as to relieve the belt tension and ac- 
cordingly lengthen its life. 


This sketch shows how the gener- 
ator was placed in line with an en- 
gine drive so that the equipment 
of the plant could be motor driven 
instead of operated from an engine- 
driven lineshaft. 
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or improved methods. 
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In the Repair Shop 


This section is devoted to repair work, large and small. Spe- | 
cial attention is given to shop or bench tools and short cuts / 
Contributions are always welcome 
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Easily-Made 
Grip Tongs Used as Vise for 
Holding Small Work 


SIMPLE and easily-fashioned but 

very serviceable tool was made 
from a pair of grip tongs and is in 
daily use at one repair shop. As will 
be seen from the illustration, one 
handle of a large pair of heavy tongs 
was forged flat and bent at a right 
angle so that the tongs could be fast- 
ened to the side or end of the bench 
with two lag bolts. The other handle 
of the tongs was slotted to permit 
passage of a long screw, one end of 
which is screwed into a small plate 
which is firmly fastened to the edge 


Large, heavy 
grip tongs -->% 


The tongs are mounted on the 
bench and fitted with a long screw 
and thumbnut for closing them 
tightly around pipe or other work. 


of the bench. The end which passes 
through the handle of the tongs is 
fitted with a thumbnut so that the 
tongs can be firmly closed like a vise 
around any desired object. 

The variety of work which this fix- 
ture will handle is very wide, as it can 
be used for holding pipe, round bar, 
pieces which are being filed, drilled or 
cut with a handsaw, and so on. It has 
also been found very useful for grip- 
ping cable or rope while splicing. Al- 
together, this simple tool replaces or is 
the equivalent of a vise, at a consider- 
ably less cost. 

Washington, D. C. G. A. LUERS. 


— — 
How to 


Test Lap-Wound Armatures with 
Equalizer Connections 


EPAIRMEN are sometimes in 
doubt as to the proper procedure 
when testing lap-wound armatures with 
equalizer or cross connections. How- 
ever, if the principle of the equalizer 
connection is clearly understood, the 
problem is quite simple. The funda- 
mental principle is that points on the 
armature that are of the same potential 
and polarity are connected together. 
On a four-pole machine these points 
will be 180 deg. apart, on a six-pole, 
120 deg., on an eight-pole, 90 deg., on a 
ten-pole, 72 deg., and so on. There are 
a number of ways of putting the equal- 
izer connections on. In one method 
rings are used either behind the com- 
mutator or at the rear of the armature 
winding. Another method makes use 
of the two-layer, one-turn open-end 
coil, either diamond or involute type 
of winding. 

The minimum number of rings is 
equal to one-half the number of poles, 
and each ring must have P — 2 connec- 
tions or taps to it, where (P) equals 
the number of poles. 

Then for a four-pole machine the 
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minimum number of rings would be 
two and each ring would have two 
taps or connections to it. The connec- 
tions on ring (1) would be 180 deg. 
apart or on the half; the connections 
to ring (2) would also be 180 deg. 
apart, but the spacing between the taps 
to rings (1) and (2) would be 90 deg. 
Assume a four-pole armature having 
twenty-four slots and bars and two 
equalizer rings. The pitch between 
taps on each ring would be 24 + 2 12, 
or bars (1) and (13), and the spacing 
between taps to rings (1) and (2) would 
be 24 4 = 6 or bar (7); the second 
tap to ring (2) would be bar (7) plus 
12 equals (19). 

The above brings us to the rule that 
governs ring-type equalizers: The num- 
ber of rings (R) times the number of 
pairs of poles (S) must be a multiple 
of the total number of single coils (C). 
The total number of single coils is 
equal to the number of slots times the 
coils per cell. In the above, the expres- 
sion “number of pairs of poles,” is also 
equal to the number of taps required 
per ring; then the total number of 
taps (T) to all rings equals R XS, and 
the spacing in single coils or bars be- 
tween taps is C- T. In many cases 
the number of rings must be selected 
to satisfy the above formula. For ex- 
ample, assume a fourteen-pole arma- 
ture having 280 slots and 840 bars and 
single coils, three coils per cell. Now 
the minimum number of rings is 
14 2 = 7, and the number of taps per 
ring is also 7 and the total taps would 
be 7X 7= 49. But 840 + 49 will not 
give even spacing. The multiples of 
840 are 420, 280, 210, 168, 140, 120, 105, 
84, 70, 60; then the least number of 
rings would be ten and with seven taps 
per ring, the total taps would be 
7 X 10 = 70, and the spacing would be 
840 — 70 = 12, or (1) and (18). The 
spacing on each ring would be 
840 7 = 120, or bars (1), (121), 
(241), (361), (481), (601) and (721) 
would connect to ring (1). Then the 
connections to ring (2) would start at 
bar (13), the other bars would be 
(133), (253), (373), (498), (613), (733). 
Ring (3) would start on bar (25); ring 
(4) at (37); (5) at (49); (6) at (61); 
(7) at (73); (8) at (85); (9) at (97); 
and (10) at (109). 

Per cent equalization equals (T + C) 
x 100, or in the above case (70 + 840) 
x 100 = 8% per cent equalized. 

The above will enable anyone to fig-. 
ure out the spacing of ring-type equal- 
izers, which is important to know when 
testing, as will be shown later. 

With the coil type of equalizer, the 
pitch between points will be C= S as 
before and the spacing will be C= E 
where (E) equals the total number of 
equalizers. The number of rings, taps 
or equalizers can easily be counted. If 
the connections are made at the back 
of the commutator, examine each com- 
mutator riser between the commutator 
bar surface and the bottom armature 
coil lead and a place will be found 
where the equalizer connections are 
soldered to the riser. When coil-type 
connections are used there will be a 
bottom and a top connection to each 
point except on four-pole machines. 
Thus the coil type of connection forms 
a ring, connecting the equipotential 
points together. 
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Now we can consider the testing of 
the complete armature using the bar- 
to-bar millivoltmeter test. The first 
step is to find the tap pitch C S and 
divide this by 2, or (C S) +2. Then 
place one of the adjustable, test current 
supply leads to bar (1) and the second 
test lead to the bar one-half the tap 
pitch away; this will supply current to 
all brush positions and the effect will 
be the same as if the armature were in 
the field and held from turning while 
current was supplied to the brushes. 
The current will follow its regular 
paths. 

For example, take the case shown in 
(A) of the diagram. The tap pitch is 
1-and-13, and half pitch is 6, or 1-and-7. 
Then if we place one current supply 
lead on bar (1) and call this a positive 
(ingoing) lead and the other or nega- 
tive lead on bar (7) we will also sup- 
ply current to bar (13) through the 
equalizer connection, and bar (13) will 
be positive. Likewise bar (19) will be 
negative, as it is connected to bar (7) 
by the equalizer. We can adjust the 
current so as to get a good scale read- 
ing when the meter is put across bars 
(1) and (2). The whole armature can 
be tested without removing the leads 
from bars (1) and (7), but when the 
meter leads are put on bars (7) and 
(8), we will get a reversed reading. 
This reading will be reversed until the 
leads are placed on bars (13) and (14); 
then it will return to normal and will 
read normal until bars (19) and (20) 
are reached, when the reverse reading 
will again be obtained. All positive 
readings can be obtained by putting the 
positive supply lead on bar (7) and the 
negative lead on bar (13), one half- 
pitch away. 

Move the leads in this manner each 
time, being careful of the spacing. In 
diagram (B) are shown two of the 
paths through the windings with the 
supply leads on bars (1) and (7). The 
current flows from left to right, or 
through coils (1), (2), (8), (4), (5), 
(6), and coils (13), (14), (15), (16), 
(17), (18). Diagram (C) shows the 
other two paths from bars (13) and 
(1) right to left, or through coils (12), 
(11), (10), (9), (8), (7), and coils (24), 
(23), (22), (21), (20), (19). This ex- 
plains why reversed readings are ob- 
tained on the meter. 

Diagram (D) shows a six-pole arma- 
ture with coil-type equalizers. Note 
that three connections form a closed 
circuit or ring, connecting together 
three equally-spaced points. 

Then to test lap-wound armatures 


with equalizers of any type, determine 


the tap spacing, locate one bar to which 
an equalizer connection is made, put 
one test current supply lead on this bar 
and the other test lead on a bar one- 
half of a tap pitch away on either side 
of the positive test lead. For example, 
in diagram (D) use bar (9) for the 
positive and bars (5) or (13) for the 
negative lead. Then apply the milli- 
voltmeter leads between these points, 
that is, to bars (1) and (2), (2) and 
(3), (8) and (4), (4) and (5). Then 
shift test lead (X) in diagram (D) to 


Current paths through and method 
of testing lap-wound armatures 
with equalizer connections. 
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bar (5) and lead (Y) to bar (9), and 
test with the meter bars (5) and (6), 
(6) and (7), (7) and (8), (8) and (9). 
As before shift (X) to bar (9), (Y) to 
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Zs} leads from adjustable 
current supply 


pole 24 slots and bars 
tand 7 coil pitch 50 per cent 
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bar (13), and so on. Be sure to start 
on a bar that has an equalizer connec- 
tion attached to it, and space the leads 
one-half of a tap pitch; also be careful 
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to maintain this spacing throughout 
the test and do not interchange the test 
leads. This method gives consistent re- 
sults if carried out as explained above. 

A growler or bug can be used to good 
advantage in testing equalized wind- 
ings. There is no danger of burning 
out shorted coils with the bug, as the 
closed circuit is formed through at least 


four coils on a 50 per cent equalized 


armature. 
Pittsburgh, Pa. A. C. Rog. 


— 
Time Saving Method of Seating 
Carbon Brushes 


HOSE who are familiar with the 

operation and maintenance of 
commutating machines well know the 
particularly unpleasant drudgery of 
“grinding in” a set of direct- current 
brushes by hand. The job is very tedi- 
ous and takes considerable time. 
Zrushes installed with flat faces, as re- 
ceived from the manufacturer, and 
not “sanded in” will require from four 
to five days to as many weeks with the 
machine operating at reduced load, to 
seat themselves properly. The length 
of time required depends primarily on 
the composition of the brush and the 
condition of the commutator. 

A quick method of obtaining even 
better results than can be secured by 
grinding the brushes in with sand paper 
by hand is to coat a portion of the 
commutator with shellac and sprinkle 
very fine sand over the shellacked por- 
tion before it is dry. After the shellac 
has dried, a few minutes run of the 
motor or generator, as the case may be, 
will grind the brushes to a very good 
seat. The sand and shellac can then be 
removed by washing with alcohol. 
Oakmont, Pa. A. W. MoAvLy. 


— — 
How to Determine 


Proper Length of Wrench for 
Use on Nuts 


OW often does it happen in tight- 

ing up nuts on some machines 
that the threads on the nuts or bolts 
are stripped? In tightening nuts, a pipe 
should never be slipped over the end 
of the wrench in order to increase the 
leverage. Wrenches should be selected 
that are short enough so that the nut 
will not be over-strained. 

Tests made by the Crane Company, 
as published in Valve World, show 
that a compression of about 12,000 1b. 
can be obtained by one man using a 
16-in. wrench on %- to 1-in. bolts, or 
by using a 36-in. wrench on 1%- to 
1%-in. bolts, or by using a 60-in. 
wrench on 132- to 1%-in. bolts, or by 
using a 72-in. wrench on 1%- to 2-in. 
bolts. It was found that square nuts 
give from 20 to 25 per cent less com- 
pression than do hexagon nuts with a 
given effort on the wrench. Rough- 
cut or uneven threads will reduce com- 
pression 10 to 15 per cent. Lubrica- 
tion of the thread and bearing surfaces 
will increase compression approxi- 
mately 50 per cent over that which may 
be obtained with dry threads. 

It is not necessary to over-strain 
bolts if proper wrenches are used, and 
if the correct length of wrench is em- 
ployed it will be found almost impos- 
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sible to over-strain bolts larger than 
1 in. in diameter. The overall lengths 


of wrench given in the table are recom- 
mended for use with the sizes of bolts 
also shown in the table below. 

A good rule for approximating the 


Length of Wrench 
for Different Sizes of Bolts 


S1zz or | LENGTE or Si1zz or LRNOTH Or 
Bout, WRBNCH, Bott, WRENCH, 
INCHES INCHES INCHES INCHES 


1 


correct length of wrench is to multiply 
the bore of the nut, or the diameter of 
the bolt, by 15. The result obtained is 
the length of the wrench in inches. 
For example, a 1-in. bolt would require 
a 15-in. wrench and a 2-in. bolt would 
require a 30-in. wrench. 


Circuit Breakers for 
A. C. Motors 


(Continued from page 579) 


In one very important installation 
of this class, each three-wire light- 
ing feeder is protected by a three- 
pole, three-coil breaker, equipped 
with shunt tripping coil. The com- 
pensators, of which there are two, 
intended to be operated either 


separately or in parallel, are 
each protected by a pair of double- 
pole, overload and no-voltage 


circuit breakers. One of these cir- 
cuit breakers is connected in the 
positive lead and equalizer main of 
the compensator; the other breaker 
is similarly connected into the nega- 
tive side of the compensator, and 
the two instruments are so inter- 
locked that the opening of one 
causes the opening of the other, al- 
though they may be closed inde- 
pendently. Auxiliary circuit-clos- 
ing devices are provided which 
bring into circuit the shunt tripping 
eoils of the feeder circuit breakers 
when the compensator circuit break- 
ers are opened. Thus should the 
compensator be out of service, the 
lighting feeders will be automati- 
cally disconnected. 

Where overload circuit breakers 
are employed for the protection of 
compensators they should be 
equipped with direct-acting time- 
limit features. They then afford 
protection against short circuits 


and unduly sustained overloads, but 


being insensitive to slight overloads 
of momentary duration do not cause 
unnecessary service interruptions. 
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Maintenance and 
Operating Costs 


(Continued from page 570) 


The location of the various units 
which co-operate in the manufacture 
of roofing has an important bearing 
on the occasional production and han- 
dling of this commodity. Rag collect- 
ing depots and the felt mills are, 
accordingly, located where abundant 
water and labor are obtainable, at 
suitable shipping points near the 
sources of rag supply, particularly in 
the eastern central states. The price 
of rags varies considerably through- 
out the year; so large rag storage 
adjacent to felt mills is essential in 
the successful conduct of this busi- 
ness. It seems best to locate saturat- _ 
ing, coating and shingle plants more 
with relation to the distributed mar- 
ket, at various good shipping and 
labor points throughout the country. 
Roofing felt can be shipped in rolls, 
protected against the absorption of 
moisture. Roofing asphalt can also 
be shipped readily in tank cars pro- 
vided with coils for steam heating 
when unloading in cold weather. 
The oil refinery is located in the 
main channels of transportation 
from Mexico and the Southwest to 
the market center in the central 
states, so as to distribute asphalt to 
the saturating and coating plants 
and at the same time be able to dis- 
tribute competitively to other mar- 
kets by-products which are not used 


in the roofing industry. Owing to 


fluctuations in the price of oil 
throughout the year, and to insure 
continuous operation, considerable 
storage capacity for crude at the 
refinery is essential. Storage for 
roofing asphalt is best provided at 
the saturating plants. 

Owing to the differing and vary- 
ing requirements of the markets 
supplied by individual roofing plants, 
and the economy of performing the 
granulating operation on as large a 
scale as possible, the slate granulat- 
ing plants are best located at the 
quarries or mines. By this arrange- 
ment it is comparatively simple to 
carry the rock from the ground 
through the granulating plant into 
box cars and deliver it to protected 
bins at the coating plant without 
allowing it to become exposed to 
moisture. 

The quantity of ground mica or 
talc used in the industry, for coating 
varieties of smooth surface roofing, 
is small and easily obtained. 
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Testing Wiring of 
Transformers 
(Continued from page 565) 


the secondaries of each transformer 
in one bank. 

In paralleling three-phase trans- 
formers, it is necessary to observe 
the phase rotation of the primary 
and secondary as well as polarity, 
impedance, and voltage ratio. 


METHOD OF TESTING THREE-PHASE 
TRANSFORMER CONNECTIONS 


To determine whether two three- 
phase transformers are prop- 
erly connected for parallel operation, 
connect the high-tension sides of 
both transformers to the power sup- 
ply after having connected the low- 
tension side of one to the low-tension 
bus as shown in Fig. 15. Then con- 
nect one low-tension lead of the sec- 
ond transformer to the bus. With a 
voltmeter measure the voltage across 
M and N and across O and P. If 
there is zero voltage across these 
pairs of leads the polarities of the 
two transformers are alike and the 
transformers may be paralleled. If 
the voltages across the two pairs of 
leads are double the rated secondary 
voltage then the polarity of one 
phase winding is reversed with re- 
spect to the other. The remedy is to 
reverse the polarity of one trans- 
former by changing the internal con- 
nections. 

If the voltage across one pair of 
leads is zero and is twice rated volt- 
age across the other, the polarity of 
the transformers is correct, but the 
terminals are in different order. The 
remedy is to interchange M and O 
so that M and P will make one bus 
connection and O and N the other. 
The voltage should be measured 
across the new pairs of leads to be 
sure that it is zero before the con- 
nections are made. 

If one voltmeter reads zero and the 
other reads 1.73 times the secondary 
voltage, we have a case of reversed 
polarity and transposition of termi- 
nals combined. The remedy in this 
case will be to change the internal 
connections of the transformer. 

An example of transposition of 
leads on a three-phase transformer 
is shown in Figs. 16 and 17. The 
nameplate gave a connection dia- 
gram as shown in Fig. 16 and its 
vector diagram is shown below the 
connection diagram. The trans- 


former was tested by using single- 
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phase low voltage on the high-ten- 
sion leads A and B (which excite the 
center winding of the transformer). 
The maximum secondary voltage ob- 
served was from A’ to neutral, which 
proved that the AB winding and the 
A’ low-tension winding were on the 
same leg of the core as shown in Fig. 
17. The other two windings in Fig. 
16 were checked similarly. 

Thus it was found that the trans- 
former secondary leads had been 
crossed inside the case so that 
the phase rotation of one trans- 
former did not conform to the other 
one. It should be noted that the 
voltages of the low-tension B’ wind- 
ings in the two transformers are 
120 deg. to each other. The same 
is true of the C’ windings. If the 
secondaries were to be paralleled, a 
serious short circuit would occur. 


Shelves and Racks 


in Storerooms 
(Continued from page 578) 


a small shelf, or ledge, of con- 
venient height for working on; sev- 
eral of these are shown in accom- 
panying illustrations. When units 
are assembled “double-face” or “back 
to back,” one back may be made to 
serve both units. 

Shelves may be turned into bins 
by adding “bin fronts” which are 
generally made in the same height 
as the vertical adjustment, 2 or 3 in., 
or in multiples of it. In addition, 
some provision is generally made on 
the front for attaching cards or 
other identifying means to show 
what is in the bin. 

Where dust may injure the ma- 
terials stored, or where it is desired 
to keep them under lock and key in- 
stead of in open storage, although 
the storeroom may be enclosed, 
either sliding or swinging doors 
may be attached to most kinds of 
shelving. How this is done is shown 
in some of the accompanying illus- 
trations. In other cases where dust 
only is to be kept out, drawers or 
boxes are used in the storage space. 
These are usually made so that they 
fit rather closely but not too tightly 
at the top, so that they exclude most 
of the dust. These boxes may be 
made with several compartments and 
so used to store a number of dif- 
ferent supplies which are kept in 
small quantities, thus adding to the 
total capacity of the storage space. 
For example, a 4-in.x6-in.x18-in. 
box may have several compartments, 
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each holding a different stock part. 
For the smaller boxes these com- 
partments are frequently made with 
wooden front and back and metal 
sides and bottom. This reduces the 
wood used to a minimum and, at the 
same time, gives the thin sides which 
are one of the big advantages of 
steel boxes over wooden boxes for 
shelf storage. 

Open steel shelving differs from 
closed steel shelves in more than 
merely being without a back. In the 
closed type of steel shelving the back 
and side pieces help to support and 
strengthen the construction. In the 
open type of steel shelves, these are 
lacking and the shelves are attached 
directly to the steel framwork. This 
gives a construction with advantages 
both as to light and as to the proper 
selection from the pile and when 
placing material on the shelf. Open 
shelves are generally used for stor- 
ing tools, punches, dies and similar 
material where it is of irregular 
shape and there is no particular rea- 
son for keeping one part or item 
separate from the others, as there is 
in the case of many manufactured or 
supply parts which may be similar 
to others. 

In selecting either open or closed 
shelving, care must be taken to see 
that it is strong enough for the 
loads it is called upon to sustain. 
Also, it is always well to bear in 
mind that shelves should be made 
strong enough to sustain practically 
any loading which may be put upon 
them in the shop. Frequently shelves 
which are called upon originally to 
bear light loads may, under a change 
of conditions or product, be either 
moved or required to sustain a much 
heavier load. When there is a ques- 
tion as to whether the shelving will 
stand up under the new conditions 
the decision generally is to “try it 
out.” Steel which has been “sprung” 
by overloading, however, does not 
have the power to withstand or carry 
the load which it did before. In 
this way, it is always well to con- 
sider future possibilities. 

In planning for shelf storage, it is 
necessary to take into consideration 
the following factors: (1) The 
dimensions of the room to be devoted 
to storage; the height of the ceiling, 
location of pillars, posts or other ob- 
structions, size of doors and win- 
dows and location of any permanent 
room fixtures. (2) The nature of 
the material to be stored; that is, 
whether it is light or heavy, bulky or 
compact, small units or large, wheth- 
er it is loose or in packages. (3) Is 
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it necessary to make provision for 
card indexing the contents of each 
bin? (4) What load per square 
foot of shelf is to be carried? What 
is the permissible loading per square 
foot of floor space? (5) What size 
unit of shelf could be adopted as 
standard, or would a wide variety 
of sizes or spaces be necessary? 

In considering any installation, it 
is well to bear in mind a few things 
concerning shelving. First, every 
type of equipment has its limitations. 
Steel has a definite strength accord- 
ing to its gage and bracings, and if 
it is overloaded far in excess of 
what it is supposed to carry, exces- 
sive and perhaps damaging strains 
may be set up in the steel work. If 
heavy loads are to be carried, it is 
usually possible to make narrower 
or reinforced shelves. 

The manufacturer of the shelving 
gives complete directions for its 
erection. Incidentally, most of the 
better grades of shelving will go to- 
gether easily if the directions for 
erection are followed. In some of 
the cheaper types more difficulty is 
involved in their erection. Outside 
of that, there are two points which 
need to be kept in mind. The first 
of these is that if the floor is not 
level care should be exercised to see 
that the partition or framework is 
blocked up so that the whole unit is 
sitting firmly on the floor without 
any twisting or causing other un- 
usual strain. The unit could be 
strained much more severely by be- 
ing erected on uneven flooring than 
it would ordinarily be through the 
weight of the material contained in 
it. The other point to remember is 
that all bolts should be made tight. 
Loose bolts will permit sections to 
bulge or give and throw unnecessary 
stresses into the steel work. An- 
other unnecessary strain is often 
caused by men carelessly climbing up 
shelves midway between supports. 

Ease in erecting and dismantling 
are always points to be considered. 
While a stock room is generally con- 
sidered to be a permanent institu- 
tion, conditions change so much in 
industrial plants that this is seldom 
true. When changes must be made 
the ease with which this can be done 
is Important. 

Epitor’s Note: Acknowledgment is 
made to the following companies for 


assistance in furnishing information 
and photographs for this article: The 


Berger Mfg. Co., Canton, Ohio; Hadden ` 


Bin Label Co., Hadden Heights, N. J.; 
The E. F. Hauserman Co., Cleveland, 
Ohio; Lyon Metallic Mfg. Co., Aurora, 
Ill.; The Mills Co., Cleveland, Ohio; The 
Van Dorn Iron Works, Cleveland, Ohio. 
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Practical Books 


For Your Personal Library 


Every man who aspires to larger responsibilities should build up a pro- 
fessional library. Copies of these books may be obtained from the 
publishers mentioned. 


Principles of Business Writing—By 
T. H. Bailey Whipple, literary critic. 
Westinghouse Electric & Mfg. Co. 
Published by Westinghouse Techni- 
cal Night School Press, East Pitts- 
burgh, Pa., 182 pages, price $2. 
This book takes up three subjects 

which should be of interest to every 

technical or industrial man. These are: 
letter writing, report writing, and 
words and phrases often misused. As 
much of a man’s success in the better 
jobs depends upon his ability to express 
himself and present his ideas in writing 
to those above him, a book of this type 
should be very valuable to industrial 
men, as well as to those who are en- 
gaged regularly in the preparation of 
business letters and reports and desire 
to become more proficient in this work. 
* * * * 


Are Welding Handbook — By C. J. Hol- 
slag, chief engineer, Electric Are 
Cutting and Welding Co. Published 
by McGraw-Hill Book Co., 370 Sev- 
enth Avenue, New York, N. Y. First 
edition, 243 pages, illustrated, $2. 
This book, which is of handy, pocket 

size, was written to serve as a simple 
and practical manual of instruction in 
arc welding for both operators and 
supervisors, as well as a_ reference 
guide for all who are concerned in any 
way with the use of arc welding. 

The preliminary preparation of the 
work and the methods employed in 
making all types of welds are de- 
scribed clearly and in sufficient detail 
to meet the needs of the beginner— 
while the experienced operator will find 
much that may be new to him. A list 
of questions has been appended to each 
chapter for the purpose of helping the 
student or reader obtain a more thor- 
ough grasp of the principles explained. 

* k „ * 


Truscon Maintenance Data Book—Com- 
piled and published by The Truscon 
Laboratories, Detroit, Michigan, 100 
pages, illustrated. Price $3 
If you want to know how to water- 

proof the basement, daylight the inte- 
rior of the factory, protect the roof 
against leakage, harden the concrete 
floors, clean windows of rust, enamel 
shower bathrooms, paint concrete, give 
steel an acid protective coating, or var- 
nish or waterproof canvas, you will 
find full information with recommenda- 
tions on how to take care of any of 
these conditions in this book. All in- 
formation is compiled strictly from the 
maintenance point of view and is fully 
illustrated with maintenance charts, 
color charts and photographs. 

In this book maintenance is classified 
under the following headings: Exterior, 
interior, floor, basement and roof. With 
this classification and the cross index 
practically everything in regard to any 
section of a building can be con- 
veniently referred to. Another feature 
of special interest in this book is the 
eight pages of useful information, cov- 


ering everything from weights and 
measures to mensuration formulas. Be- 
cause of its completeness and the cost 
of producing it, the book is not issued 
for general free distribution. 

„5 k * „* 


Management’s Handbook — Edited by 
L. P. Alford, Editor of Management 
and Administration, Published by 
the Ronald Press Co., 20 Vesey St., 
New York, N. Y., 1,607 pages, 630 
illustrations, 290 tables, flexible 
binding. Price $7.50. 

In this first handbook on manage- 
ment subjects the editor was assisted 
by thirty-four others, each an author- 
ity in his subject. The information is 
well selected, inclusive and carefully 
arranged and a complete index makes 
it readily accessible. It should be very 
helpful to anyone holding a responsible 
position in industry or business. 

There are thirty-two sections in the 
handbook as follows: Tables and sta- 
tistics, mathematics, charts, manage- 
ment ratios, the industrial plant, plant 
layout, office management, forms, 
classification and symbols, purchasing 
and storeskeeping, tool storage and is- 
sue, production control, control of qual- 
ity, material handling, operation study 
and rate-setting, wage payment and 
timekeeping, simplification and stand- 
ardization, plant maintenance, conserv- 
ing and salvaging materials, packing 
for shipment, traffic and shipping, eco- 
nomic principles, organization for own- 
ership, organization for operation, 
budgetary control, cost accounting, 
cost and profit variation formulas, bank- 
ing relations, insurance, market anal- 
ysis, labor maintenance, information 
filing system. 

k „ k „ 


Electric Elevator Equipment for Mod- 
ern Buildings—By Ronald Grierson, 
associate member of the Institution 
of Electrical Engineers and of the 
Institution of Mechanical Engineers. 
Published by D. Van Nostrand Com- 
pany, 8 Warren Street, New York 
City, 173 pages, illustrated. Price $5. 
The object of this work is to present 

to engineers, architects and others in- 
terested in the subject, a practical guide 
for the selection, installation, operation 
and maintenance of modern electric, 
passenger, freight and service elevators 
and escalators. A feature of this vol- 
ume is the attention paid to the prob- 
lems of selecting an elevator of the 
proper type and capacity. 

One chapter is devoted entirely to 
specifications. An appendix gives a 
checking list which contains practically 
every possibility or condition which 
might come up in the installation. 

Other sections of the appendix are 
devoted to elevator accidents, regula- 
tions relating to the installation, op- 
eration and maintenance, inspection 
form and test sheet. This volume is 
based on both English and American 
practice. 
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Trade Literature 
You Should Know About 


Copies of literature which is described on this page can be obtained by 


writing to the 
is always advisable to 


manufacturer whose name and 
state the name and number of bulletin or catalog 


ress are mentioned. It 


desired, as given in these columns. 


Electric Light and Reflector Cleaner 
Company, Appleton, Wis.—A folder 
describes a special device with which 
lamps and reflectors can be cleaned 
from the floor without removing 
them or using a ladder. 


The Truscon Laboratories, Detroit, 
Mich.—The “Truscon Maintenance 
Map“ presents in simple, easily un- 
derstandable form a maintenance 
guide for buildings and equipment. 
It shows a cut-away view of the 
building, in colors, and points out by 
arrows and descriptive text the 
proper paint or protecting coat to 
use for floors, walls, machinery, pipe 
lines and other surfaces. In addi- 
tion, a concise table gives a large 
amount of useful information re- 
garding the quantities of these ma- 
terials required. 

The Texas Company, 17 Battery Place, 
New York, N. Y.—The October issue 
of “Lubrication,” issued by this com- 

any is devoted to a discussion of 
lubrication in the paper industry. The 
information presented is also given in 
tabular form for quick reference. 


Century Electric Company, St. Louis, 
Mo.—A folder entitled “Bearing and 
Oil Well Construction” gives a com- 
plete description and discussion of 
the advantages claimed for this 
campers in Century polyphase mo- 

rs. 


Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pa.— 
Publication S. P. 1666 entitled “Si- 
lent Sentinels” is a 72-page booklet 
on protective relays for alternating 
and direct-current systems. This 
contains the results of many years of 
experience in the manufacture and 
study of relays by the Westinghouse 
Company and over 140 illustrations, 
including schematic, vector and wir- 
ing diagrams to supplement the 
gerne of the theory and prac- 
tice of relay operation. 

Square D Company, Detroit, Mich.— 
Announcement is made of a new type 
of voltage tester which does not re- 
quire the use of lamps. This will 
also indicate whether the current is 
alternating or direct and will indi- 
cate the voltage up to 600 volts. It 
is easy to carry and claimed to be 
simple to operate and to replace 
lamps in locating open circuits, blown 
fuses and motors running single 
phase. 


Economy Fuse and Manufacturing Com- 
pany, Greenview Avenue and Diver- 
sey Parkway, Chicago, III. A folder 
describes the various ferrule and 
knife blade type fuses and the re- 


movable plug as well as giving 
prices. ; 
General Electric Company, Schenec- 


tady, N. Y.—Circular 67,640.2, Class 
15, describes the induction over-cur- 
rent time relay with circuit-closing 
contacts, controlling one circuit. 
These are made in different types 
for slightly different application. 


The Van Dorn Electric Tool Company, 
Cleveland, Ohio—A 60-page booklet 
entitled “Higher Holeage” is more 
of a handbook on electric drills than 
is the ordinary catalog. This book- 
let is divided into the following 
twelve chapters: The history of hole- 
making; holemaking by electricity; 
electric drills—the machine guns of 
industry; higher holeage—lower cost; 
unusual uses of Van Dorn drills; 
holes in a hurry for shop repairs; 
buy your drills for “holeage”; opera- 
tion and care of electric drills; 
electricity versus air for drilling pur- 
poses; tools recommended for vari- 
ous wood drilling operations; Amer- 
ica’s finest family of holemakers. The 
chapter on operation and care of elec- 
tric drills not only gives directions 
for their proper use, but also calls 
attention to the most frequent mis- 
uses of this equipment. Special at- 
tention is given to a discussion of the 
proper sharpening of twist drills. 


American Optical Company, Wells- 
worth Safety Division, 700 West For- 
tieth Street, New York, N. Y 
new catalog entitled, ‘Industrial 
Head and Eye Protection,’ shows a 
wide variety of goggles for dust and 
chip protection as well as welding 
masks, helmets, and goggles for the 
various types of welding protection. 
A chart shows the protection af- 
forded by different lenses against the 
ultra-violet and infra-red rays. 


Electric Machinery Manufacturing Com- 
pany, Minneapolis, Minn.—Bulletin 
854 entitled, “Synchronous Motors 
for Compressors,” discusses the suit- 
ability of a compressor for a syn- 
chronous motor application, the selec- 
tion of the motor, fitting motor to 
the compressor, fly-wheel effect and 
details of a special engine type 
motor, which is designed for direct 
connection to compressors. 


The Foxboro Company, Inc., Neponset 
Avenue, Foxboro, Mass.—A group of 
bulletins’ describe the recording 
gages, thermometers and other in- 
struments made by this company. 
Considerable emphasis is placed on 
the improved helical tube movement 
for controlling the movement of the 
recording pen. 


Gregory Electric Company, Sixteenth 
and Lincoln Streets, Chicago, III.— 
“The Monthly Bargain Sheet” lists, 
describes and prices the various new 
and “Gregory Rebuilt’ electric mo- 
tors, generators, switchboards, trans- 
formers, various starting equipment 
and other apparatus on hand for sale. 


Moloney Electric Company, St. Louis, 
Mo.—This company is distributing 
monthly bulletins containing tech- 
nical information on transformer 
data made up in page form suitable 
for clipping and inserting in loose- 
leaf binders. The first of the series 
gave the method of connecting low 
voltage, single-phase distribution 
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type transformers for different types 
of service. The second discusses the 
polarity of single-phase transform- 
ers, polarity—its meaning and mark- 
ing, Moloney transformer data, and 
testing for polarity. The third of the 
series will contain a discussion of 
impedance of transformers and 
methods of measuring impedance. 


Greene Equipment Corporation, Monad- 
nock Building, Chicago, III.—A cir- 
cular describes the new Leonard Mor- 
row commutator tool which consists 
of a special bracket which is at- 
tached to the bearing and supports 
a turning tool for truing commuta- 
tors of motors without removing the 
armature from the original bearing. 
Different size commutators may be 
trued by the use of large or s 
brackets on the same truing tool. 


Westinghouse Electric and Manufactar- 
ing Company, East Pittsburgh, Pa.— 
A wall chart HC-233 entitled West- 
inghouse Insulation Guide for Indus- 
trial Motors” shows in chart form the 
various Westinghouse insulating ma- 
terials and insulating compounds for 
rotating and for stationary parts. 
This chart lists the various places 
where insulations are used and the 
different types of Westinghouse in- 
sulations adopted for each place. 


Elgin National 
Watch Co. 


(Continued from page 559) 


Many of these steps are performed 
on special machines, some of which 
are shown in the accompanying il- 
lustrations. Some of the drills are 
so fine that they can hardly be seen. 
However, should one of these tools 
fail, the machine automatically stops 
and a signal flashes. The making of 
a balance wheel calls for a greater 
number of operations than are re- 
quired by any other unit of the 
watch. For example, the rim alone 
is pierced with twenty-six threaded 
holes. These holes are made by a 
steel drill finer than a human hair. 
Over a million of these drills are re- 
quired annually. 

The mainspring and balance- or 
hair-spring are two important parts 
of the watch. The hairspring is made 
by drawing steel wire through a 
hole in a diamond. A pound of steel 
used for springs costs $5 or $6 and 
will make eight miles of hairspring 
wire worth $62,000. 

The buildings at the Elgin factory 
are comparatively narrow and pro- 
vided with a large window area to 
supply as much natural light as pos- 
sible. This is supplemented by ar- 
tificial illumination as care must be 
exercised to prevent eye-strain be- 
cause much of the work of manu- 
facture and assembly is performed 
under a magnifying glass. 


from the 
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N THE old days when com- 
munities were small it was 
very easy to get the news. 
The “stove committee” met 
each evening in the village 
store. The chief men gath- 
ered there and sat round the 
pot-bellied wood burner and 
the sawdust box and smoked and chewed 
tobacco. They gossiped, talked politics, 
argued on religion, compared experi- 
ences, heard the news and carried it home. 
The “stove committee” of the village 
store has been a very fundamental insti- 
tution in the development of American 
social and civic life. 


But as each community has grown 
large there has always come a time when 
all the thinking men of the town could 
no longer meet together around a stove. 
There were too many of them. Some 
new method of expression had begun to 
be vitally needed to tell the news and 
what men thought about it—and they 
seized upon the art of printing. So it 
has been in town after town over the 
world—first a “stove committee,” then a 
newspaper. And the press in every case 
has sprung from the community because 
the community needed a vehicle for 
expression. 


tove Gmmittee” 


“The Industrial Community 


The process has been the same in in- 
dustry. For industry brought a new kind 
of a community into the world, a com- 
munity of men scattered across wide 
areas but nevertheless engaged in a com- 
mon work and common thinking. 
These men, located in very many towns, 
could never, of course, come together in 
a village store. But they had common 
interests and common problems, and 
they also felt the need for a medium of 
expression, a way to learn the news and 
opinions of the leading thinkers of their 
industry. And so came the industrial 
press, the business press, to satisfy that 
need. 


For the press of any industry is not just 
a private enterprise started because some 
man wants to make money. It is bas- 
ically an institution of that industry, 
created ana sustained to serve that in- 
dustry, and an industrial paper must 
spring from its industry 
in response to a demand | 
or it cannot hope to | 5 
prosper or to long en- 
dure. 
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“The Electrical Industry 
a good Example 


There could be no better illustration 
of all this than is found in the electrical 
industry. It is particularly interesting 
because the whole development has come 
within the space of fifty years. And we 
have seen the “stove committee” of that 


small group of early pioneers—Edison, | 


Sprague, Brush, Bell and their few as- 
sociates and followers—evolve into a 
great industrial community numbering 
today fully a million men and women. 
As the industry has grown, the need has 
grown for service from the institution of 
the press, and to meet that need the elec- 
trical press has sprung from that com- 
munity—first a single paper, then other 
papers, as groups of electrical men began 
tospecialize. The whole process is vividly 
pictured in the story of the McGraw-Hill 
electrical publications, which at the start 
numbered only one and today have in- 
creased to six papers, each serving some 
well-defined community of interest among 
electrical men. 


Pe lirst Leetricel Raper 


HE first electrical paper began publication 
in 1874, a few months less than fifty years 
ago. It was called “The Operator, for the 
electrical industry then embraced just the tele- 
graph. But soon things began to happen. 
The incandescent lamp, the motor, the 
central station came and the vision of the 
electrical industry began to dawn. This 
pioneer paper changed its name to the 
Electrical World, and from that day to 
this, through all these years, it has con- 
tinued, expanded and developed with the 
industry it serves. 
No better record of the evolution of the elec- 
trical industry can be found than in the back 
files of the Electrical World. Through the 
eras of research, invention and engineering 
into the present era of economics and market 


strong guiding paper 


development it has followed the trend of ideas 
and events in the world of electricity. It has 
been and it is today the executive and engineer- 
ing paper of the industry, the newspaper of the 
electrical man, the vehicle that brings him the 
ideas and opinions of others, the mirror of his 
progress, his mouthpiece and his guide. 


A Raper for the Sreet Raitway 


UT it was not long before small growing 

groups of electrical men began to separate 
themselves and form new interests. Sometimes 
such a group would come to need a paper of its 
own devoted to its special problems and its 
own news in detail. So it was when the street 
railways of the country began to abandon the 
horse and cable and adopt 
electric power. This radical 
change in the methods of 
local passenger transportation 
brought many new and com- 
plex problems demanding the 
freest interchange of experi- 
ence and opinion. The old 


Street Railway Journal, founded as a street-car 
paper in 1884, was changed to the Electric Rail- 
way Journal and from that time on has given 
its entire attention to the service of this branch 
of the electrical industry. 


A Paper br the Merchant 


ND then another situation arose. Retail 
merchandising had grown to be so great an 
interest and activity among electrical men that 
a strong paper to serve that field began to be 
demanded. And so the McGraw-Hill Com- 
pany, having for years carried the 
responsibility for maintaining the 
institution of the press on an ade- 
quate basis in the electrical indus- 
try, purchased Electrical Merchan- 
dise, a small paper dedicated to a 
big idea, and built it up into a 
renamed 


Electrical Merchandising. 

But it was not just the creation of a publisher. 
It was the expression, the instrument of a new 
virile, specialized community of electrical men 
that needed a paper of its own. Electrical 
Merchandising has crystallized a new trend in 
the industry and rendered a great service to the 
appliance department of the central station, to 
the electrical contractor and dealer and to the 
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manufacturer and distributor of electrical mer- 
chandise, by pioneering in this fallow field, 
promoting this new business, providing a source 
of merchandising ideas, experience and inspira- 
tion and also a market place vitally needed. 


A Bper bra locality 


HAT made three electrical papers in the 

group. Meanwhile, out on the Pacific 
Coast electrical men had felt the want of a 
paper to serve that distant section, to 
publish local news and discuss their 
| special problems. ‘They started a little 
Ve paper called the Journal of Water, Gas 
a and Electricity. One day the leaders of 
w= the electrical community on the Coast 
appealed to the McGraw-Hill Company to buy 
their journal and, by putting its stronger organi- 
zation behind it, make the paper serve them 
more adequately. This time the demand for a 
paper sprang from the needs of a locality. The 
renamed Journal of Electricity, devoted entirely 
to the interests of the Far West, has been de- 
veloped to satisfy that need. 


A Riper for i the l 
WO years ago came the fifth paper, the 
culmination of a long and steady pressure 
for still another specialization in the electrical 
press. For a long time the large industrial 
works of the country had been complaining 
that they had insufficient recognition in the 
electrical press, no adequate place in which 
to describe and discuss the operation and 
maintenance of electrical and associated 
mechanical equipment. As a group, these 
specialized electrical men had become so 
numerous and so important that they were 
entitled to consideration from the electrical 
press. So the old Electrical Review was pur- 
chased and turned into the Industrial Engineer. 
Again there arose an insistent demand, this time 
from a community of industrial men, and an 
old paper was made over for them. 


A Paper to meet a Trenà 


HE youngest child in the electrical press 
is Electrical Retailing, and its reason for 
existence is particularly interesting. The num- 


ber of non-electrical stores that sell elec- 
trical appliances is steadily increasing. 
Those merchants who have grown so in- 
terested in electrical appliances are fast be- 
coming a factor in the electrical market, 
but they are not electrical men and, think- 
ing principally of the processes of mer- 
chandising, have bought and sold for price 
with little appreciation of the vital impor- 
tance of quality and the dependability of these 
devices in service. 

They are not yet interested in the electrical 
industry. So it became exceedingly important 
that a paper be made for these non-electrical re- 
tailers and for many small electrical dealers who, 
because they as yet lack broad interest in the 
electrical industry, do not read Electrical Mer- 
chandising. The press was called upon to help, 
and so this little paper Electrical Retailing was 
purchased and is being built into a strong in- 
fluence to meet this specific need. 


HOUGH not an electrical paper, with this 

group should also be mentioned Power. 
This publication has for years devoted space 
each week to the practical consideration of such 
electrical subjects as are encountered in the 
operation of industrial and private plants and 
has endeavored to serve especially those who by 
education and experience have come up through 
the steam end of the business. 


O, STARTING with a single pioneer 

paper, the Electrical World, there 
have developed these other papers, and 
we see the McGraw-Hill electrical group 
today numbering six publications. They 
reach regularly a total of 82,500 men and 
women of the electrical industry (not in- 
cluding Electric Ratlway Journal or 
Power) and are read and used by prob- 
ably twice that number. 


Electrical World — 
the Master Aper 


The Electrical World is the “master 
paper,” the engineering and executive 
paper of the industry, the only weekly 
newspaper for electrical men—written 
alike for the central-station man, the 
electrical engineer, the manufacturer, the 
jobber and the large contractor. It 


reflects broadly the progress of the in- 
dustry, interpreting the ever-changing 
prospect, recording experience, carrying 
the thinking of important men out to 
their fellows, providing a forum where 
each branch of the industry may discuss 
its problems in the presence of the other 
groups. Electrical Merchandising, In- 
dustrial Engineer, Electrical Retailing, 
Journal of Electricity and Electric Rail- 
way Journal all are devoting themselves 
to the service of separate specialized 
communities of electrical men who as 
groups have peculiar problems that re- 
quire a paper of their own. 


Ranging Enditiors 
the compelling Farce 


If the electrical industry had not 
grown and gradually divided itself into 
these different classes of electrical men, 
the Electrical World could have con- 
tinued to serve the entire indus- 
try itself as in the early days. 
But it became impossible for one 
publication to function as the 
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“master paper” of the electrical industry 
and also attempt to give detailed atten- 
tion to special interests and spread itself 
over the entire fast-expanding field. 
Therefore, to provide a complete cover- 
age and an adequate press service to these 
new groups of electrical men as they 
began to form themselves into clean-cut 
communities, the new papers have been 
established at the call of the industry. 

The industrial press belongs to the in- 
dustries it serves. The electrical press is 
an institution of the electrical industry, 
established and supported by the industry 
for the dissemination of information to 
electrical men. Without the knowledge 
that comes to electrical men through the 
electrical press—through these McGraw- 
Hill electrical papers—the electrical in- 
dustry could not have grown to its present 
greatness. Unless this electrical press con- 
tinues to serve electrical men in accord- 
ance with their changing needs, the in- 
dustry cannot hope to realize its great 
future—any more than a modern 
city could today depend upon an 
an old-time “stove committee” 
in a village store. 
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Mal NTENANCE SERVICE, REPAIR PARTS To OLS AND SUPPLIES 


In the maintenance departments of every industrial works and in * 
every commercial electrical repair shop the range of the work that 
ean be done and the dollar-savings that are possible depend on 
(1) The ability and experience of the maintenance man. 
(2) Adequate hand and bench tools and shop equipment. 
(3) A well-balanced stock of spare units, parts, wiring sup- 
plies and raw material used in repair work. 4 
Here then is a directory to the needs of the maintenance man 
under items (2) anc (3) that he can use when he must have 
things in a hurry on an emergency job and when ordering for 
stock to meet his regular maintenance requirements. 


TTITITITII LIL 8666888086666) 5688668869982 


HARD MAPLE WOOD ARMATURE WEDGES 


Cut from thoroughly seasoned and dried, straight grained, first grade 
maple stock, they will not warp or twist. Cheapest i in first cost and effect 
further economy in assembling. Standard lengths of 30 in. Carefully 
wrapped with gummed paper, making a neat and compact bundle to 
handle with practically no waste in cutting to the required length. 


The following 5 keep a good stock on hand at all times: 


Laneensncneensscceesscnsnncsosccossccccsesccsscucsscccensoncstococssconscocseect 


Soldering 


9666666606068 600606660 
1186106666006 


IRONS Allied Rubber & Mica rtin Woodward Co. Clapp & LaMoree, 
F 1430 W. Third ne y= 5 Ave., 310 E. 4th Street 
Here is an all-round ele soldering iron for a Clev Ohio Seattle, Wash. Loe Angeles, Cal. 
eer let tid gl pot wy ga eer Mitchell Rand’ Mfg. Co., Western Insulation Co., 5 = 
Tree plug. Also made with 34° point for hne work. New Yok N. V. a “Cincinnati, Obio 
ELECTRAHOT APPLIANCES, Inc. THE JAS. P. CRAFTS MFG. CO. 
2 301 Fifth Ave., S. Minneapolis, Minn. 3510 Beals Avenue Detroit, Michigan 


25. 
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Seeneneeueennseoeanccconscuecocccenascaccoconsootcaccosocccnscnscocccnnoncceoscasconcceccccusnesooescccencencoooncenonocecncoccocsccscsoccoussccnscccecccascneads 


C E „n PRACTICAL PULLING TOOLS: 
Self- Lubricating : : —that fill an every-day need : 

C b B h 2 The Little Giant” and the Big Buster” cover a range of 3 

= £ work which is not approached by any other combination of 3 

ar on rus es: 3 2 pulling tools on the market. These tools cannot spread, turn ? 
GUARANTEED TO CARRY : A or slip off the work; no arm locks required. 8 

THE GREATEST LOAD WITH. = i “THE HARDER THE PULL—THE TIGHTER THE GRIP” : 

OUT SPARKING, HEATING : Z A . garw 1 . 3 by mechanles whe z 

OR CUTTING OF COMMUTA- È £ “Little Giant” and, «Big Buster” wi wa ‘oaally and quickly pull om. È 

TOR. SPECIAL GRADES FOR EVERY 2 = tight fit or that Is hard te get af ttn ordinary oles” a z 
SERVICE. 2 £ ttie Giant” is the only Puller permitting adjustments ef one = 
24 Hour Deliveries From St. Louis : : 7815 moe fi to, 3 3 for uneven insido or eutside pulls. : 
Geo. W. Snarr & Co.: : PREMIER ELECTRIC COMPANY : 
2 8 d for desert told ACTURERS—EST. 5 

1214 Olive St. St. Louis, Mo. È È t, Fans and “Bip Buster’ 3884 RAVENSWOOD AVENUE CHICAGO £ 


Insulation Headquarters 


Exclusive Western Distributors for 
Best Known Makers of 


Varnished Cloth Moulded Insulation 


* 


“JIFFY” 
CUTTER 


Varnished Tapes Sleeving 
Mica Products Friction Tape 
Soldering Paste Ins’! Varnish 
Porcelain Rubber Tape 
Fibre Woven Tape 


CARLSON-DUNN CO., Inc. 211 N. Desplaines St., Chicago, III. 
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<= Armature Rewinding 


Reshafting, Bearings, Coils, Commutators, Fields, 
Brushes, Special parts to order, etc. 
Large factory—150 skilled workers—28 years’ experience. Heavy 
difficult work our specialty. Electrical Engineers and Road Men. 
Send for repair price lists. 


CLEVELAND ARMATURE WKS. EST. 1895 
4732 St. Clair Ave. Cleveland, Ohio 


Cuts clean, round holes thru steel 
boxes, slate and marble switch- 
board panels. 


Five convenient sizes. 


Adjustable Diameter 3%” to 6”. 
Easily used in cramped positions. 
Weight five pounds. 


Write us for descriptive circular “J” 


PAUL W. KOCH 


& COMPANY 
23 S. WELLS ST., CHICAGO : 


III 
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BARD-PARKER WIRE 


INSULATION STRIPPER 
(Wood Patent) 


PRICE 
$7.00 
Extra 
Blades 
any size 
25c per 
pair 
F. O. B. 


New 


York 


AE | 
Will Strip 1200 
} Ends an Hour 


Saves 
battered-up 
parts 


Regularly equap- 
ped, unless othe 
wise specified, with 


3-hole stripper 
blades, Nos. 12, 16 
and 18 gauge. Sin- 
gle-hole blades, 
ranging from 10 to 
20 in even numbers, 


also supplied when 
specified. 


Write for circular. 
surface 


Bard-Parker Company, Inc. 
150 Lafayette St. New York, N. Y. 
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7166656156666 600669690 


Copper Wire all kinds 
Insulating Varnishes 
Super -Safety Switches 
Bard-Parker Wire Strippers 

Electro-Nite Carbons 
Commutator Truing Device 
Mica Undercutting Tools 


ARTHUR B. WEEKS 
419 High Ave. Cleveland, Ohio 


Rawhide 


7660061060060 16: 


FFF 


If You Need 
Equipment 
and Don’t Find it in These 
Pages—Write 
INDUSTRIAL ENGINEER 


Sitte sette sette 8666168761166 86706747767 
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BROWNING LOOP AND 
FIELD WINDER 

Produces loops 25% faster than 
otherwise possible. A ruggedly 
built machine with two power 
shafts, three speeds on each. Em- 
bodies perfect control with instant 
start and positive stop. Winding 
head eliminates all waste ends. 


New York Office 
50 Church Street 
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A Hard Blow 


Without Injury! 


“Chicago Rawhide” 
Mallets and Rawhide-faced Hammers 


Will transmit an effective blow 
without damage to the most delicate 


But t iho blow is not more destruc- 
tive to the tool itself than to the 
object to which it is applied—there- 
fore, doubly economical. 


The Products of, ee manufacture 
include: 


Belting—Lace Leather—Belt Lacing 


Hydraulic Cups and Pack 
Packing—Ra 


ties for all purposes 


The Chicago Rawhide Mfg. Co. 
1279 Elston Ave. 
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Only Reliable Products Can Be 
Continuously Advertised 


Calebaugh Self-Lubricating 
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Over 100% Annual Return on Your Investment Assured 
Let Us Give You Further Details 


MANUFACTURED BY 
MUTUAL FOUNDRY & MACHINE CO. 
ATLANTA. GA. 


Vol.82, No.1? 


FLOWER 
brush holders 


maintenance 
necessity 


assure 
full contact on all 
brushes at all times 


Mabb’s 
whide Gears— 


Washers—Gaskete— Simple construction, new metal! 


and good workmanship are com- 
bined in the extensively used 
brushes. 

Use them once and you'll adopt 
them as standard equipment 


Chicago, III., U. S. A. 


Write for bulletin showing types. 


D. B. FLOWER 
1217 Spring Garden St., Philadelphia 


Manufacturers of Brush Holders for 
Motors, Rotary Converters, Genera- 
tors and Dynamos., 


spusunensnsueennnnscccesenenseaneeseeeeseenvenneusnsenceneoensceueuseseusnsceeusesenscscsnseccusecceucenecseausuonsesausnsuucosusuceuneenunogsucesusnseusoueuueesegueusceunegem@uccenusensucoagonecercausugnunes = 


— 


tv 


Sh 
© 
D 
= 
x 


Carbon 
Brushes 


are Self Lubricating. 
They last longer and 
serve better than or- 
dinary brushes. Give 
them just one trial 


Your 
Advertisement 


Here Will Be Read by Many 
Thousand Operating and 


Carbon Company : f 
Maintenance Engineers 


1503 Columbia Ave. 
Philadelphia. Pa, 


Fe 


Browning Equipment is Appre- 
ciated the Minute 


It Is Used 


BROWNING COIL 
SPREADER 


Skilled operators spread 120 
coils per hour, with ease, and se- 
cure most perfectly shaped coils 

ossible to make. Coil holders and 
nuckle holders exert positive 
grips. Special kick- up“ attach- 
ment on knuckle. Browning 
Equipment, the Armature Wind- 
er’s friend. 


Pittsburgh Office 
1117 Highland Bldg. 
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Why Myers-Whaley standardize 


on “Super Service” 


NINTERRUPTED by water, slime, mud, crushing 
rocks—dragging forward and back, Rome Super 
Service Cable withstood months of hard usage during the 


Super SERVICE construction of Shandaken Tunnel, the connecting link 
Write Tor booklet: brice in the New York City Catskill Mountain Water Supply. 
lists and samples of Boring through 18 miles of solid rock, foot by foot— 
Super Service Cable, drilling, shooting, mucking, under the most adverse cir- 
made for all mining 


cumstances, 2,000 feet below the surface— because 
Super Service Parallel Duplex Mining Cable stands 
up and gives exceptional service under such unusual 
conditions, it has been adopted as standard equip- 
ment by the Myers-Whaley Loading Machine Co., of 


Knoxville, Tenn. 


requirements. 


Super Service is a hard usage cable, 1 flexible, 
with an outer covering of 60% Para Rubber vulcanized 
in steel molds under tons of pressure. 


ROME WIRE CO. e Sfices: ROME, N. Y. 


Diamond Mills, BUFFALO, N. Y. Atlantic Mills, STAMFORD, CONN. 


NEW YORK BOSTON CHICAGO CLEVELAND DETROIT 
50 Church St. Little Building 14 E. Jackson Boulevard 1200 W. 9th Sr. 25 Parsons St. 
LOS ANGELES, J. G. Pomeroy, 336 Azusa St. 
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AT LAST! 
Roller-Smith takes 


particular pride in 
presenting its 
latest contribution 
to the instrument 
art—a combination 


volt-ammeter for 
alternating current. 
Convenient size, 


light weight, rug- 
ged and— above 
all—accurate and 
reliable. 


OFFICE: 


MAIN 


DALLAS, e002 Live Oak St. 
D U. 8. National Bank Bldg. 
DETROIT, Ford Bidg. 


BALTIMORE, 113 E. Franklin 8t. 
NGHAM, Brown-Marx Bl 
PIRIN 141 Milk St. 
BUFFALO, Ellicott Square Bldg. 
CHICAGO, 430 So. Green St. 
CLEVELAND, 7016 Euclid Ave. 


LOS 
MEMPHIS. 493 South M 
MONTREAL, Power Bldg. 


Pe 
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A Convenient, Accurate and 


Inexpensive Instru- 
ment for Measuring 


Speed 


“Speed-Counter” and Stop 
Watch combined in one for 
speeds in either direction as high 
as 30,000 r.p.m. 

For use by engineers and 
maintenance men in 
power plants, mills 

and factories, 
wherever speed 
is to be meas- 


Place the tip 
in the end of i l 
shaft under | 


ift dL bed Gama 


test. Press 

and release the 
button. After x 
six seconds the 14 
average r. p. 
m. speed will 

be indicated 

on the dial. 


WIH II- Af iet it e 


ured. Is well 

*. made, meets 
wo commercial de- 
2 mands for ac- 
curacy and is 


thoroughly re- 
liable for all- 
around service. 
A neat pocket 
case (434x3'4x 
114 inches) is 
provided. 
We guarantee the Jag- 
abi Indicator to give you 
satisfaction. Price $34 
f. o. b. Philadelphia. Send 
a trial order. 


Actual Size 


Bulletin 1025-E describes our complete line of speed measuring 
instruments. Copy on request. 


JAMES G. BIDDLE 


1211-1213 Arch Street, Philadelphia 
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ANGELES, Consolidated Bldg. 
ain St 


is cae tier eee 


1 
4 


AA 


4 
| 


Saan 


An Alternating Current Combination Volt-Ammeter 


ALTERNATING CORary, 


NOLT=AMMET Er, 
Ae ANS 


Rolier-Smith Co 
Darasa Pa 


Abroad: THRALL ELECTRIC COMPANY. Presidente Zayas No. 27, Havana, Cuba. 
neee, 
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NEW ORLEANS, Whitney 


Bldg. SAN FRANCISCO, 

HILADELPHIA, Otis Bldg. SCRANTON, 939 Capouse Ave. 
PITTSBURGH, Keenan Bldg. SEATTLE, Hinckley Bldg. 
ST. LOUIS, Railway Exchange Bldg. NTO, 183 George St. 

T. PAUL, Pioneer Bldg. WASHINGTON, Evening Star Bldg. 
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The TypeGSA 


V olt- ammeter 
and other Type 
GSA instru- 
ments are fully 
described and 
listed in Bul- 
letin A-160. 


Your copy is 
ready for you. 


Send for it. 


PENNA. 
Central SALT LAKE CITY, D 


cooly Bl 
589 N St. 


600 Catalogues 


For Buying Facts Regarding 


INDUSTRIAL and POWER PLANT 
MATERIALS and EQUIPMENT 


—See— 


SWEETS ENGINEERING CATALOGUE 


AAA NUDE TTP ETA TN neee 
N Teenie 
cen HAND TACHOMETER 
at TER 
> 
oda | 
TACHOMETER DIFFERENTIAL DRAFT GAUGE | 


American S & B 


Instruments include, in addition to those 
illustrated, Gauge Testers, 


F 


TH Temperature 
ERMOMETER Controllers, Water Relief Valves, Engine 
Indicators, Feed Water Filters, Gauge 


Boards, etc. Write for catalog N-6, 


“COLUMBIA” 


American Schaeffer & 
Budenberg Corporation 
Brooklyn, N. Y. 


COUNTER AMERICAN POP SAFETY VAWE ld 


AMERICAN IDEAL STEAM TRAP 
l ununam Wimmer 
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Stop PowerLosses 
by festing- 


Watch your A. C. Motors, transformers 
and other electrical equipment. Keep a 
check of your power bills and learn how 
you can decrease them by a few simple 
plant tests. Others have done so and they 
are satisfied because they know that their 
plant equipinent is operating efficiently. 
They test regularly with 


Weston Jr. Wattmeters, Voltmeters, Ammeters 


Weston, Jr. is the ideal testing outfit for 
every power plant, factory and manufac- 
turing’ plant. 


Weston, Jr. instruments enable you to 
make almost any test required. When 
used with Model 461 Weston Universal 
Portable Current Transformer, Weston, 
Jr. Wattmeters and Ammeters may be 
used on circuits up to 800 amperes 
capacity. 

Light and portable, they embody the same 
dependable accuracy that has made Wes- 
ton instruments standard the world over. 
Every instrument is rugged and depend- 
able, carefully calibrated and guaranteed 
for accuracy. 


Our booklet “Electrical Savings in In- 
dustry” gives you the results of what 
other engineers have learned. 


Write for it today. 


Weston Electrical Instrument Co. 
136 Weston Ave., 
Newark, N. J. 


Wis TON 


STANDARD -The World Over 


Electrical 
Indicating 
Instrument 


Authorities 
Since 1888 
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FRE To all who subscribe to the Library 
N 


Electrical Maintenance and Repair . 
we will give a copy of Croft's Alternating-Current Armature $ 


Winding absolutely free of charge. 


This is a great book covering practically every a.-c. wind- $ 
ing situation—and including over 150 diagrams. You get it 8 
free with the Library. 
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reasons 
why you should 
have these new 
books on electrical 
maintenance and repair 


A great book on armature 
winding free—if you order now 


J. The five books in this library discuss actual repair 
jobs and show you step by step what to do when 
anything goes wrong. 


2. They show you how to locate and remedy motor 
and generator troubles. 


They show you how to reconnect motors to meet 
any condition of voltage, phase, frequency and 
speed. 


They give you suggestions for preventing elec- 
trical machinery troubles. 


They cover fully the rewinding of motors. 


They present information that will help you get 
better service out of your electrical equipment. 


They give you tables, data, kinks and diagrams 
that you will find of priceless value every day on 
every job. 


Free examination — no money down — only 
$2.00 in ten days and $2.00 a month until paid 


Fill in and mail the coupon attached and we will send you the entire set 
of five volumes for ten days’ Free Examination. We take all the risk— 
pay all charges. You assume no obligation—you pay nothing unless you 
decide to keep the books. Then $2.00 in ten days and the balance at the 
rate of $2.00 a month. Send the coupon NOW and see the books for your- 
self. When your first payment of $2.00 is received we will send you a 
free copy of Croft’s Alternating-Current Armature Winding. 


8 


FREE EXAMINATION COUPON 


e é 
i McGraw-Hill Book Co., ino.. 370 Seventh Ave., New York. i 
Gentlemen:—Send me the Li of Electrical Maintenance and Repair, l 
an charges prepaid, for 10 days’ ee Examination. If satisfactory I will 4 
@ send $2.00 in ten days and $2.00 a month until $14.00 has been paid. I 
n not wanted I will write for shipping instructions. i 
Upon recetpt of my first payment of $2.00 I am to receive a free copy of 1 
@ Croft’s Alternating- Current Armature Winding. 
VIVIIIVw ² ðAA ²⁰kyd ³ðWb ðâ EE ETTE S) eee (eee 
Home Addresesesese‚egs‚..“ . en SG a ů k : l 
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Cotenamel 


for 


Armature and Stator Winding 


Requires less space than double cotton insulation and 
makes fast, neat work easier. Cotenamel withstands 
oils and moisture. Does not open at sharp turns. 
Tests prove Belden Cotenamel is better dielectric than 
double cotton. Use Cotenamel on your next rewind- 
ing job. One trial will convince you. 


Belden 
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24 hour service on standard sizes 
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Belden Manufacturing Company 
Electrical Wire, Cable & Cordage 


2401 W. 23rd Street, Chicago, IIL. 
Eastern Warehouse, 399 Market St., Newark, N. J. 
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The Century Armature Tester is 
a quick and certain detector of 
faults in armatures. It instantly 
detects and exactly locates shorts, 
opens, wrong connections, and 
grounds, without unsoldering any 
of the lead wires from the commu- 
tator or disturbing the hoods. It 
is adapted for use with either alter- 
nating or direct current, or with a 
battery when power circuits are not 
available. It is supplied with both 
Receiver and Meter types of testing 
forks and ground detector. Write 
for descriptive folder and prices. 
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Century Electrical Co. 


Manufacturers of Armature and 
Field Coil Testing Apparatus. 


Syracuse, N. Y. 
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„ vl OUR LATEST TYPES OF PIPE? 
— 8 AND TUBING BENDERS | 
-ii e | Made expressly to bend pipe = 
= and tubing to small radii. = 
z Note what can be done on 

E our TYPE No. 02. 

Z: Outside Smallest 

= Diameter Radii 

= y” 2” 

= $ 4 

= “% 252 

= %4” 3” 

= I? 3%” 

8 1%” 4” 

a We make twelve other types 
= and sizes. Check up your = 
= 1 work with what our ma- = 
ak ae >) chines will do. Write us your requirements. = 
=z Senge 1 Send for catalogue and price list. = 


ill 


AMERICAN PIPE BENDING MACHINE CO. 
42 Pearl Street Boston, Mass., U. S. A. 
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and Dependability 


After several days’ try-out, one recent pur- 
chaser of a Hullhorst Portable Undercutter said 
—“the extremely small diameter of your cutter 
makes it very easy to guide, compared with 
other machines using large diameter cutters.” 


Another owner stated—“we have used sev- 
eral undercutters, but yours ts the first efficient 
machine we have found.” 


This Portable Undercutter reduces the cost of 
undercutting to a low minimum. A 12-inch com- 
mutator is easily undercut, to a uniform depth 
in 30 to 50 minutes—at minimum tool cost. 


It has a strong flexible shaft; a spindle of super- 
fine precision work; end of arbor is supported by an 
outbearing ; is equipped with motor, and a small fan 
that clears path of cutter for accurate guiding. It 
undercuts armatures up to 32 inches in diameter. 


Four years’ record of proved dependability supports 


our claims. A few days’ trial would convince you. 
We guarantee satisfaction. Write for complete de- 
scription. 


The Hullhorst Micro Tool Co. 


TOLEDO, OHIO 


III 


CROWN Te 


Crown Three Wheel Barnes pat- 
tern pipe cutters are the strongest 
three wheel cutters made. 


Crown Patented, Diagonally Ser- 
rated Pipe Cutting Wheels, will 
cut easily and outlast the ordinary 
type of wheel. Made to fit Crown 
or any standard pipe cutters. 


CROWN 
Die and Tool Co. 


2634 N. Keeler Ave. 
Chicago, Ill. 


Send for 
— 
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4 Years Record Shows Its Proved Efficiency 


| @— 


EXACT SIZE of Hullhorst 
Disc Mica Cutter 


THIS SMALL DISC MICA CUTTER HAS 


IMPORTANT ADVANTAGES— 


It does not climb out of 
groove. Very little pressure 
is needed for cutting. Facili- 
tates very fast and accurate 
undercutting. 


Cuts clean, smooth grooves. 
Undercuts nearly up to rise. 
Leaves no edges or burs of 
mica. Lasts several times 


Tools 


“Better than Standard” 


longer 
Its cost is little. 
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The New CRAFT Pipe Wrench 


6” to 24’ 
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ELi 


than other cutters. 


A Sound Principle 


Properly developed with the aid of the finest materials. 
These features entitle the CRAFT to the considera- 
tion of every mechanic: 


Entirely self-adjusting. May be applied or dis- 
engaged with one hand. 


STRENGTH :—— Bearing parts are tool steel—Handle cold-rolled 
steel, case-hardened. 


DURABILITY :— The lower jaw presents a fresh bearing surface 
to each size of pipe and may be revolved as 
the teeth wear, allowing the use of its entire 
circumference and furnishing the equivalent of 
10 ordinary lower jaws. 


SP EED: 


Ask your jobber or write us 


PITTSBURGH MALLEABLE IRON COMPANY 


Wrench Department 


30 CHURCH STREET NEW YORK, N. Y. 
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CORRECT IT 
USE LE CARBONE CARBON BRUSHES 


i> 


Se RES 
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1 
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Ei 
= 
- : 
= COST MORE PER BRUSH 
= COST LESS PER KW.H. 
= 343 Madison Avenue, New York 
Selma is the smoking and snuff kit of the Kaffir = : 
3 . * = Pittsburgh Office: 634 Wabash Bldg. 
—he carries it with him always. = b 
= San Francisco Office: 525 Market Street 
“But how?”—you ask“ since he has no clothes = Chicago Office: 1657 Monadnock Block 
suital 4 = “kets.” = S ] Ltd 
suitable for pockets - 515 i CENE TR 
T T . = 5 and Toronto 
“Easy !”—we reply, for in his youth the lobes of = 
his ears are pierced and stretched for that ESATA MELATONIN RTT UU UUM UMTS TUN ADC S cota 
purpose. 
SR MMT CT TMMTUMUTAUUL MAT MMII EYE O AA Nag 


run 


And the only moral we see in this is that it is 


never too soon to make provision for a demand 
that is sure to come. 


Do your COMMUTATORS run HOT? 
Do you have DESTRUCTIVE SPARKING? 
Are your BRUSHES wearing GROOVES? 
Are your MACHINES NOISY? 


Eliminate all these troubles and 
Prolong the Life of Machines 


by equipping them with 


Your machines may be operating without much 
trouble now—but peak demand will surely come 
—and it is then you'll want troubleless commu- 
tation—and the one sure way to get it is witha 
certain top-grade brush—the name of which 
you can get from any of the addresses below: 
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The original and improved 
Reaction 
Brush Holder 


over 20 years in service 


Main Office and Factory: 
519 West 38th St., New York 


DISTRICT ENGINEERS AND AGENTS: 
Pittsburgh, Electrical Engineering & Mfg. Co., 909 Penn. Ave. 
Cincinnati, Electrical Engineering & Míg. Co., 607 Mercantile 

Library Building. 
Cleveland, Electrical Engineering & Mfg. Co., 422 Union Building. 
Philadelphia, Electric Power Equipment Corp., 412 North 18th St. 
Baltimore, O. T. Hall, Sales Engineer, 1926 Edmondson Ave. 
Revere, Mass., J. F. Drummey, 75 Pleasant St. 
Los Angeles, Special Service Sales Co., 502 Delta Building 
San Francisco, Special Service Sales Co., 202 Russ Building. 
Toronto, Can., Railway & Power Aaea ET bes Corp., Led, 131 
Eastern Ave. 
Montreal, Can., Railway & Power Engineering Corp., Ltd., 326 
Craig St., West. 
R Railway & Power Engineering Corp., Ltd., P. O. 
30x No. 35. 


Let us equip a Generator or Motor for you. 
Make its final acceptance subject to your 
approval after any Reason One e of 
operation. 


THE BAYLIS CO. 


50 Nelson Street 
BLOOMFIELD, N. J. 
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CHorse Collars and a... 


A 
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Carbon Prush es knows how. Isnt oniy 


humane to do so but it in- 
creases the Horse Power. 
Carbon brushes, like horse 
collars, are the connecting 
link between the power 
and the load. Fit your 
motors and generators with 
Corliss high grade brushes 
to increase efficiency and 
life and decrease cost. 


CORLISS - CARBON: Co 


BRADFORD, PA. 


_ Send for hoaklet 7-4 


DISTRIBUTORS _ 
Electrical Specialty (o. = The Beckett Electric Co. 


Los Angeles - San Francisco - Seattle 


Seven factors 
of Quality 


High Dielectric Strength Non-Hygroscopic 
High Resistance Heat Resisting 
Flexibility Chemically Neutral 


Maximum Elasticity 


RVINGTON 


Dallas - New Orleans - Monterey 


VARNISHED 


ambric 


Have you made temporary repairs in the 
past? The difference between making per- 
manent and temporary repairs on motors, 
transformers, cable joints, coils, etc., has in 
many instances depended upon the quality 
of varnished insulation used. If an inferior 
grade of insulation is used—it soon fails— 
and the repair is a temporary one. 


Make all your repairs permanent ones by 
insisting on Irvington Varnished Cambric. 
In many cases, it is good for the life of the 
equipment. 

It has stood and will stand the test of time. 
And the test of time is the only real test for 
insulation. Ask our sales representatives 
for sample and prices. 


Irvineton VARNISH M INsuLATOR CG: 
Irvington, New Jersey. 


Established 1905 
Seles Representatives; 
Mitchell-Rand Mfg. Co. Prehler Brothers, Chicago 
New York Consumers Rubber Co. s 


T. C. White Electrical Sup- Cleveland 
Clapp & Lamoree, Los An- 
ply Co., St. Louis geles and San Francisco 
E. M. Wolcott, Rochester F. G. Scofield, Toronto 
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INSULATING 
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Look for 
the name 
on the can 


tl ATENIR! 


= J livered.. If for ang = 2 pumping stations, paint rooms, etc. Its design is 
= 1 reason this doesnot = = such that it will heat a large volume of air and 
= | ACUI prove sauslactory = = reflect it outward, obtaining maximum efficiency 
= 1 t shall be pleased toa Z of the electricity used. Write and get details on 
= 11 cept your offer to this economical well constructed heater. 

= : | relund the money. = = Manufactured and Guaranteed by 

= Í — 2 N = = kd 

= e ss NRE te es 7 = 

: — aan z Despatch Manufacturing Company 
= = = Manufacturers of Electric Ovens and Heaters for all purposes. 
3 Co. oer eee tee we ewaes, om = e 

| JOHN C.DOLPH CO.,168 Emmet St., Newark, N. J. F 

F . 9 et dt., Newark, N. J. MINNEAPOLIS, MINN. 
CCCCCCCCCI f ee. ET See ay Syke 8 E F e „ „„ , ere enk. J. .f: A , ORS] UP eg de. -H. H. E 


t 


Could You Sell 
INSULATING VARNISH? 


No charge is made 
for this valuable 
data book and cata- 
log of  insulations. 
All we ask is that 
you state om your 


request what com- 
pany you are identi- 
fied with—or ask for 
it on your company 
letterhead. 


We want energetic dealers in 
every locality so as to make our 
products easily obtainable by those 
making or repairing electrical ap- 
paratus. The field is large—there is 
a prospective customer in every in- 
dustrial plant, mine, street railway 
and power house. 


Sterling Insulators are known the 
world over for their high standard 
of quality. 


They have been marketed for 
many years by electrical engineers 
who understand the products and 
more particularly their application. 


It is important that Sterling rep- 
resentation be on a par with Ster- 


ling service and Sterling products. 
We prefer dealers who are already 
handling lines allied with the in- 
sulation field. They must be in 
close touch with the shopman and 
should have a thorough knowledge 
of the shop's problems. 


If you feel that you are thus 
equipped you will find the Sterling 
proposition interesting from both 
sales and good will standpoints. 


Write for the handbook illus- 
trated and get the Sterling sales 
proposition. We advise early action. 


For your 
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DYNAMO — MOTOR — GENERATOR 


Renews the Insulating Coating. 
Prevents foreign substances from working into old insula- 
tion and open spaces in slots. 
Protects against Dust, Acid Fumes, Moisture. 


ABSOLUTELY OIL PROOF 


Air Dries in Thirty Minutes. 
Electric Lacquer is patented and the name is registered 


Accept this 
Offer Today 


Send me a sample 
gallon of Dolph’s 
lectric Lacquer and 


bill me @ $3.25 de- 


LACQUER 
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DESPATCH 
Circulating semi-reflecting type 


AIR HEATER 


May be 


Five year 


Dependable, Economical Heat 


The effectiveness of this heater makes it highly 
desirable for heating isolated rooms, small build- 
ings, factories, garages, mills, elevators, crane cabs, 
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mounted on 
wall or floor 


guarantee on 
heating element 
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The “Eagle Eye” 
Signal 


as 


Tapma nanan 


Q 


Unmounted samples enable the mechanic to determine, 
by actual test, size and style best swited for each job. 


Seven and one-half miles of samples! 
To produce 9,000 sets of M-R Hard 


Six and a quarter inches high, this fellow, and 
less than two and a half pounds heavy. In 
lanterns, light weight and short life are gen- 


erally synonymous, but not so with “Eagle 
Eye.” Cast aluminum will stand weather, 
rough handling or acid atmospheres for many 
a day after less sturdy lanterns have passed 
on, This is a signal for countless warning jobs 
now being done ineffectively or not at all, 
ae and it will do them as they should be done 
thoroughly and economically. 


Write for complete details on “Ea Eye,” the boy who, 
with one bulb, sends a colored light all ’round him and a white 
light straight down. 


Maple Armature Wedges, each set com- 
prising 21 styles 2% inches long, over 
8 linear miles of material was used. 


MITCHELL- RAND 
Caseything in | 


Samples of M-R insulating materials— 
compounds, paints, varnishes, soldering 
paste, waxes, papers, cloths, twines, 
tapes, etc.—may be used as permanent 
indices of M-R quality; they are repre- 
sentative of the highest grades of mer- 
chandise. 
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THE NICHOLS-LINTERN CO. 
7960 Lorain Ave. Cleveland, Ohio 


Represented in Canada by Railway & Power Engineering Corp. 
Toronto, Ontario 
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Thiscut s ho w Samii 
method of reversing H 
or renewing tips. 
We furnish them 
tools. Each tip will 
outwear two ordi- 
nary fingers on one 
side; then it is re- 
versed, giving equal) 
wear on the other 
side. When both 
sides are worn out 

a new tip is snapped 
onthe finger while 

the finger remains K 
on the controller. "4 


1 


vou are invited to send for samples of any material used 
in your work. 


MITCHELL-RAND MFG. CO. 


20 Vesey Street New York, N. Y. 
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With Trigger -lock 
Fingers on your con- 
trollers you renew 
only the tips and 
Save Money. 
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SPECIFY 


U | 
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Trigger-lock fingers 
are made for all drum 
controllers, starters, 
cars, trucks, tractors, 
compensators, etc. 


bed. Us INSULATING 
TAPES 


LINN 
WAY; 
W 
7 


K-10 
because repairs made with Awebco are lasting 
repairs 11 Ir 
The superior insulating qualities ani ong life ° s 
af 8 Tapes and Webbings insure lower Our illustrated catalog shows the line. Write for a copy. 


maintenance cost. 
Samples Free 
Use our sample book as your guide in choosing 
suitable weights and styles of insulation tape. 
Sample books sent on request. 
Standard Surgical Anchor Webbing Company 
Web 022 Inch 300 Brook Street, Pawtucket, Rhode Island 


Thick New York. Chicago, Cleveland, Pittsburgh, 
St. Louis, etc., etc. 
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RUSSELL MANUFACTURING CO. 
814 Bath Ave. 232 Westmount Drive 
NIAGARA FALLS, N. Y. TORONTO, CANADA 
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Have You Any 
Lamps Exposed? 


Here's better protection for your lamps at less 

cost than one new bulb—greater safety, better ap- 

pearance and proper distribution of light. Guards 

The Milwaukee Die Casting Company, whose shop is shown, have a:e reenforced expanded metal, heavy tin finish, hinged in 
replaced previous bench and machine light with | base. FLEXCO-LOK is key locking and prevents unauthor- 

ized removal aswell as accidental breakage. FLEXCO Guards 

close with slotted round head screws. One large plant saved 


60 > 29 amp rep ts in a year. 
American ae a 
Adjustable Fixtures || x 


Our catalog 


with Conduit 
Bere Fittings 


lengths and 

sizes are built ae 

up from stand- This is a new devel- 
ard parts. opment in American | Een utusannana noanoa 


Fixtures, which | The National Scrow S Memafàciming Co. 


makes possible better (AB PRODUCTS DIVISION) 


wiring, more substan- 
tial fixtures and more Clovelaad,O. 
Gentlemen: 


FCC IS YOUR PLANT DEAD? 


ment. American Fix- 
tures put the light di- It’s only the dead in- 
rectly on the work, dustrial plants that aren’t 
eliminate eyestrain, growing and changing con- 
fatigue and spoilage. stantly. 
They repay their cost ABolite detachable re- 
many times over. flectors, interchangeable 
with their respective 
holders, permit changing re- 
flectors instantly to suit, 
and without disturbing the 
wiring. 

Save your lighting in- 
stallation from "growing 
pains." 

Yours sincerely, 


3 i 


Sales Mgr. AB Div. 


e 


Patented universal joint used in all “American” fixtures. 
Permits unlimited adjustment and cannot injure the cord. 


AMERICAN FIXTURE COMPANY 


232 West Water Street 
MILWAUKEE 


Write for Catalog and Prices 
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YOUR SAMPLE 
IS READY FOR YOU 


Send today for a 
free sample of the 


Conduit Box Switch 


6 Amp., 125 V.; 3 Amp., 250 V 
Examine the switch. Try it out. 
on some lighting unit in work- 
room or office. See how easily it 


is installed and how satisfactory 
it is in operation. 


exTeA dene 
— — 


ener 


Complete, ready to install. Each 
switch supplied with 6 feet of linen 
cord and composition ball. 


ordering: N - 
Electrico? Specialties ot Oualrts 


„For brackets and electrical appliances of 
all kinds where individual control is desired. 
Has plain lever without cord and ball. 


— — UTTZz_ AM CAAA eee 
5 c6 “Ay sas | ELECTRICALLY HEATED 
l t POURING LADLE 
: Tht: For Melting and Pouring = 
: Reel : Paraffin Wax = 

Rapidly finding a place in & Battery Compound E 

the largest industrial plants, £ = Solder 8 

machine shops, service sta- & Babbitt = 
tions, etc., in the U. S. Used for both z z 
3 electric lamp and power extensions. z Type Metal a 
= Approved by Underwriters = Manufactured by = 
The Cincinnati Specialty Mle. Co Inc - AS J. STRUTHERS DUNN l 
= | ., ° 8 + i 5 
Z UELI Powers St. at Sylvan Ave. Cincinnati, Ohio = — 1109 RaceSt., Philadelphia, Pa. 8 
En IN amm amm runurnmaunuuum LMT TMT Rr 
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The Lamp Cleaning Problem 


is solved by the use of the 


Thompson Safety Lowering Switch 


because it enables overhead lamps to be lowered away from the electric 
circuit for cleaning the reflectors or renewing bulbs. 


THE ADVANTAGE IS OBVIOUS 


It is inexpensive and easily included in present installations. 
a and complete information on request. 


The Thompson Electric Company 
226 St. Clair Ave. N. E. Cleveland, Ohio 
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With Manual Trip No. 66 D. C. Cyclone Nos. 76 and 77 No. 6 D. c. Cyclone 


Transformer and High Voltage A.C. 
Battery and Hi High Voltage D. C. 


Cyclone bells are approved by National Board of Fire 
Underwriters for Industrial Signalling. They are 
the most reliable bells for Fire Alarm and General 
Calls in your plant. Write factory or nearest branch 


office for catalogue and full particulars. 


Branch Offices: 
Chicago, Ill. Cleveland, Ohio Noe: 9, 9A and 11 


No. 75 Detroit, Mich. 
A. C. Cyclone 1444 Park Place R 627 W. Jackson Blvd. 453 Leader News Bids. e C. Polarized 
New York City Philed Pa. 


Minneapolis, Minn. Boston, Mass. St. Louis, Mo. 
915 Metropolitian Life Bidg. 301 Broadway 481 Bourse 182 Pearl St. 1415 Pine Bt 


Main Office and Factory 
618 Market St 111 Ode Bids. 22 Hinekion Blas. Schwarze Electric Co., Adrian, Mich., U.S.A. | 


EAA AANA HT DMT ES ET 


PAINE STAR DRILLS | 


are made of the best grade of 
CRUCIBLE TOOL STEEL 
Oil finished—Head polished 


ALEEA es 


MANELE CPOE 


COMBINATION 
SOLDERING AND TINNING FLUX 


Our 5 ee Heat Treatment produces the best there is in 
Steel. Long deep flute. Elegant appearance. 


FULLY GUARANTEED. 
Write for discount. Our prices are right. 


There is no better substitute for dangerous acids, Zinc Chloride, 
Sal Ammoniac and other mixtures misused as a Flux. It is 
quick acting, anti-rusting, non-poisonous and non-corrosive. 
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Send for Bulletin 900 
Free sample sent on request. 
THE RUBY CHEMICAL CO. : THE PAINE COMPANY 
= 68-70 McDowell St. Columb O. = 2951 Carroll Avenue 33 Warren Street 
= NSE Chicago, III. New York City, N. Y. 
Sal eld Ui i 10s SHAAN SSL aE ea a n E RS aA TAU Re SEEN 


UTOA TTi Auer 


“ALLEN SODERING FLUX 


Makes Sodering Jobs A Joy 


Any Metal to any Metal 


from 


ALUMINUM to ZINC 


Send for a free sample; you'll like it 


L. B. ALLEN CO., INC. 
4531 N. Lincoln St. CHIE AGY) mung 
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Left—200 ampere 
Allan Welding 
Transformer 


Below—200 ampere 
Motor-Generator 
Set. 

(Also furnished with 
gas engine or belt 

drive) 


The ALMANC' 


ARC WELDING 
SETS 


cover the entire field, 
consisting of arc weld- 


ing transformers and 
generators of various capa- 
cities, also welding outfits 
for use on light cast iron 


sections such as automotive 
cylinder blocks and crank 


Advise us of your welding 


cases. Special machines problems and current sup- 
constructed with combina- ply and we will recomm 
tion of both arrangements suitable machine for your 


when desired. requirements. 


ALLAN MANUFACTURING & WELDING CO. 


724 WASHINGTON ST., BUFFALO, N. Y. 


Cut Maintenance Costs! 


AURAND 
SLOTTER 


Far superior to 
hack saw blade, 
file or scraping 
tool. Cuts time 
of undercutting, 
eliminates dam- 
age to commu- 
tator bars and 
does a better 


Acme Stones 


For grinding and polishing commu- 
tators. May be used while machine 
is under load, avoiding shut-downs 
and production losses. Once the 
commutator is in true, Acme Stones 
will keep it in prime condition with 
an occasional treatment. 


Emery 4 
Cyclone Blower 
For keeping dust and 


dirt from all manner 
of electrical and other 


equipment. Gives a 
atone. blast of dry 
air. Eliminates dan- 
ger of condensation in 
windings and will not 
disarrange fine meter 
adjustments. ' 


Get full information on our liberal Free Trial Offer 


Green Equipment Corporation 
330 So. Dearborn St. Chicago, III. 


Ma Hr v eat TCL RL 


"im 


INDUSTRIAL ENGINEER 


nnn TOANE UOTI LANAA O TCU TRIPPED VOU US UU RL 


IGS 


LAL 


ISOQOCOCLEOUAET PURE AEE ATAU 


al 


hid 


1 


= 


3 


ARRATI 


AUNT 


A Cle a MME RIO 


hend Abtes 


ll. 


} 
\ 


Ce, ele- Ue TL 


EREI 


l 


i 


1 


1 


EFFECTS 
CAUSES OF BRUSH 
AND COMMUTATOR TROUBLES 
1. ites e ee 
1. Ton low carrying eapacity „„ 
2. Too little abrasive acon . . 
J. Too much abrasive action... .. 


4. High friction brushes. . .. 
5. Too high contact drop 
6. Too lowcontacddrop.......... 


1. Brushes off electrical neutral... ... 
2. Incorrect brush spacing.......... 


Send for this FREE 
Commutator Trouble Chart 


This 10”x14” trouble chart showing all troubles and 
their causes sent Free on Request. Use convenient 
coupon below. 


Use “IMPERIAL” COMMUTATOR STONES 


Immediate delivery 
from Stock 


Reason No. 10. Last, but not least—the 
handles will not come loose from Imperial 
Commutator Stones. 


3118 users on November Ist, 
a gain of 65 for October. 


“IMPERIAL” 
Commutator Cement 


Here is a new Commutator 
Cement that is mixed, ready 
to use, and will keep several. 
months without deterioration if the 


can is kept properly covered when 
not in use. Write for information. 
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The Martindale Electric Co.. 
11709 Detroit Ave., Cleveland, O. 


Without obligation on my part, please send me a copy of the 
Carbon Brush and Commutator Trouble Chart. 


Name æœHp-Pkftf::: ĩð—ͤvdñdß ĩðx— dd ęßx»-dd 
(Please Print) 

Company ë / ²⅛˙˙ ˙¼ . ñ ed k- „VT... een’ 

dd. ͥ] d ↄ / JV ³¹Ü—ꝛꝛààĩ ͤ ⁰ ea a anes 

City and State N wn. teste ieetes herve Seaton uaceswe ss 
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Keep Dust and Dirt out of 
Your Electrical Windings 


— 


with the 


BALL-BEARING 


CADILLAC 


PORTABLE ELECTRIC 
BLOWER 


Plug in at the nearest light socket, press a switch, 
and blow the dust and dirt out of your motors, 
generators, etc., with a 150 mile an hour gale! 
That’s all there is to keeping your electrical 
equipment clean with the CADILLAC Portable 
Electric Blower. No dangerous condensed mois- 
ture, as in compressed air. Correct pressure for 
cleaning thoroughly, yet without injury. No in- 
stallation expense, negligible upkeep. 
Can be converted into powerful suction cleaner 
for cleaning stock bins, etc. 
Write for descriptive folder, giving prices, list of 
users, etc. 


CLEMENTS MFG. CO. 


617 Fulton Street Chicago 


Canadian Factory: 76 Duchess St., Toronto 
Export Department: 149 Broadway, New York 


ey cee 


Note the space between the cap and ferrule? That 
permits screwing the caps, link and washers up tight 
on the ferrules. It insures perfect contact and 
infallible performance. 


slots in washers that are held in position by means 
of dowels. 


UNION 


RENEWABLE FUSES 


contain more metal in the caps and ferrules than other 
makes. Heating of metal parts and charring of tube is 
thus reduced to a minimum. 
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Ball Bearing Portable Blower 


Ha PARKA 


The link cannot twist, as it is inserted through 
| 
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BALL 
BEARING 
Motor 
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Moreover, the “Union” Link blows without flash or 
violence, further reducing the liability of damage to 
tubing when fuse blows. 
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| Every part is designed to give these fuses extra long 
life—to make them live up to our claim that 


dLE El 


$40.00 
Net 
Retail 


This “MARVEL” Portable Blower is designed for blowing 
dust and dirt out of MOTORS, GENERATORS, SWITCH- 
BOARDS, LOOMS, KNITTING and other TEXTILE MACHIN- 
ERY, as well as for GAS BLOW PIPES, GAS FURNACES, 
ETC. Has 20 feet high grade cable and armored plug. Per- 
fectly balanced. Has TOGGLE SWITCH in handle, operated 
by thumb. Gives 16-inch water column pressure. 

Note the Metal Conduit carrying wires from motor to handle. 

Motor operates at 10,000 R.P.M. on New Departure BALL 
BEARINGS. This Blower is a great time and labor saver, and 
its mechanical and electrical design gives assurance of a very 
long life with a minimum of attention. 

Made with UNIVERSAL motors 
(A.C. & D.C.) for both 110 volts 
and 220 volts. SHIPPING WEIGHT 
18 Ibs. Shipped on 10 days’ trial, 
ANYWHERE. 


Mention this advertisement 


Vili 


mith 


The “Union” Is a Good, 


Dependable Fuse 


“Union” Renewable and Non-Re- 
newable Fuses are sold by leading 
jobbers and dealers. 


Interesting Catalog sent on request. 


CHICAGO FUSE MFG. Co. 


Manufactured by 


ELECTRIC BLOWER 
COMPANY 


352 Atlantic Avenue 
Boston 9, Mass., U. S. A. 
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LLUSTRATED are four subjects taken from the 
more important products of Cory. The Cory- 
Recony Standardized Unit System for the remote 

closing of inaccessible gate valves—the Robinson 
Interlock to protect men from opening disconnecting 
switches under load—the Cory Central Station An- 
nunciator that warns the eye and the ear of trouble 
in any part of the plant and the Cory Visible Signal 
Systems for the instantaneous transmission of mes- 
sages between important points in Industrial Plants. 
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Industrial Engineers are invited to visit the Cory Booth 
and watch these Systems in operation. A true perspective 
of Cory Service in the saving of life,equipment and time. 


CHAS. CORY & SON Inc. 
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The World's Largest Manufacturer of Signaling, 
Communicating and Lighting Equipment 


New York ... ə « « 183 Varick Street 
Philadelphia Ihe Bourse 
San Frans cisco . . « 11 Mission Street 
Boston „ „ „ „ 110 High Sereee 


Representatives 
Pittsburgh . . Jno. D. Hiles, Oliver Bldg. 
Seattle . W. S. De Pierris, 515 Hoge Bldg. 
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The Meal 


—is the dinner that thousands of people the world over will 


-eat on December 7th—“Golden Rule Sunday.” It won’t be a 


pretentious meal—just soup, bread, stewed fruit and cocoa. 
But it will give infinite satisfaction to the men and women 
who eat it. It will help them to put themselves in the places 
of thousands of children in the Near East who haven’t even 
such simple food to eat. It will make these men and women 
thankful—it will make them remember the Golden Rule. They 
will give their contributions to buy food for the 100,000 hungry 
children in Greece, Syria, Palestine and Armenia—boys and 
girls who are fatherless, homeless and destitute. 


You, too, can have the lasting joy that comes from a sim- 
ple act of kindness—an observance of the Golden Rule— 

“Whatsoever ye would that men should do unto you, do ye 
even so to them.” Every dollar that you contribute to the 
Near East Relief will buy twenty dinners of soup, bread, rice 
and cocoa for these Near East Orphans. One hundred dollars 
will feed, clothe and educate one of these children for a year. 


Remittance Form For Use on 


To Cleveland H. Dodge, Treasurer, 
Near East Relief, 
151 Fifth Avenue, New York City. 


To help one of the orphaned children in your care, Noted in INDUSTRIAL ENGINEER, I enclose $ 


You Will Enjoy Most 
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HUBBELL 


LAMP GUARDS SAVE LAMPS 
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—and one lamp saved 
pays for a guard 


ayo oe? Lamp guard protection pays for itself 
AAN j — many times over. See that the lamps in 
your shops are protected against theft and 
breakage with Hubbell Lamp Guards. 


To Make Them Strong—we use No. 11 
extra-heavy steel wire and electrically 
weld it at every intersecting point. No 
solder used. 

To Prevent Rust—we thoroughly coat 
each guard with pure block tin. 


Made in a wide variety of types. Ask 
your Electrical Supply House for com- 
plete information and prices. 


HARVEY HUBBELL 
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No. 6995—Mill ; No. 5764—locking 

Type; for No. 5691—all wire No. 6650—Locking type; side reflector; No. 6685—locking 
brass shell guard; for brass shell lamp guard used with for brass shell sock- type lamp guard; for 
sockets. sockets. Parabola reflector. ets. brass shell sockets. 
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ELECTRICAL WIRING DEVICES 
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BELTING 


efficient durable economical 


LEATHER 


an ideal belting for power transmission 


— our series of “Quality Facts about Belting” tells you why. Write for them. 


BRANCHES 
B Tanners Atlanta Boston Chicago 
° ver Detroit eves 
1 — (pab Be Momjan Ay ine Ei 
Thorou bly Water proofed 89 CLIFF STREET, NEW YORK Texas Chas. A. Schieren Co., Dallas 
and Built tlt for Service Branches and Distributors in All Leading Cities Send for catalogue 
Irin H H HTT EI EI IIIII 
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Doss this say f 
anything to you? @ 


If one man with the aid of a “Canton 
Portable Floor Crane and Hoist” can 
pick up and walk away with a two 
ton load, you will agree that a lot of 
time is saved by its use. It will pay 
= for itself in a few months, and be a 


PEONIO IARTA rris 


WULO 


mG CO CHICA 
— * Desa. 


We la tape f . 


source of satisfaction to all concerned. 
Write for Our Booklet Today 


Canton Foundry & 


Machine Co. 
Canton, Ohio 
New York Office, 203 E. 15th St. 
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| WELLER CAR PULLERS 


Made in Several styles. 
Direct Connected or Belt Driven. 
Capacities 2 to 18 cars 
Send for Car Puller Catalogue. 


We Make a Complete Line of 


a Elevating, Conveying 


Power Transmitting 
Machinery 


Our engineers are at your service to help 
in the selection of equipment to meet 
the requirements. Submit your problem. 


- WELLER MFG. CO. 


1820-1856 N. Kostner Ave. Chicago, Ill. 


SALES OFFICES: 


= New York Boston Baltimore Buffalo Pi 
Detroit St. Louts Omeha Salt Lake City 
San Francisco 


OL a e a 


0% . 


mum en 


Samples or 
Specifications 
on Request 
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The 
Torrington Company 


STA s N 180866 


TORRINGTON, CONN, U.S.A. 


sll UNUSUAL 1 AYIA FADO TET tga dU AGT UHH HERI l. . . 


25 ne 


„ aal, e, seccseideassssoeelotadod cal A HHN E pi i S a 


December, 1924 INDUSTRIAL ENGINEER 


Stewart Brons is made in 258 
stock sizes, finished all over, and 
in four degrees of Brinell hard- 
ness for all bearing conditions. 
Our standard Grade “D” Metal 
is perfect for average require- 
ments. All solid and cored bars 
in money-saving 13-inch lengths. 


Remarkable Evidence of the 
Superiority of Stewart Brons 


Here's bearing quality, the like of which was never 
known until Stewart Brons proved that the secret of the 
perfect amalgamation of copper and lead was discovered. 


‘Stewart Brons provided remarkable bearing quality 


through an unusually low coefficient of friction. Its 
melting point is 1/00° F.; remember that ordinary bab- 
bitt melts at 400° F. At 600° F. Stewart Brons sweats 
a little lead, lubricating itself should lubrication fail. It 
will not burn out or score a shaft up to 1000° F. 


What bearing trouble do you want to eliminate? Send your blue 
prints. Our Engineering Department will give you the information 


you need. 


STEWART MANUFACTURING CORPORATION 
4509-92 FULLERTON AVENUE CHICAGO, ILLINOIS 


Bro 
Bearing Metal 


The Perfect Metal for Bearings 


Factory Representatives 
. A. Keenan 
4535 Fullerton Ave., 
Chicago, III. 
C. Olf 


A. s, 
7321 Woodward Ave. 
Detroit, Mich. 
E. P. Crismer 
1982 E. 86th St., 
Cleveland, Ohio. 
C. W. Root, 
130 Oneida St., 
Milwaukee, Wis. 
Frank M. White, 
Stewart-Warner Speed 


Corp., 
549-551 W. S2nd St., 
New York, N. Y. 

elson, 
514 N. Capitol Ave., 
Indianapolis, Ind. 

J. Frank Lanning Co., 
327 First Ave., 
Pittsburgh, Pa. 

2022 Ave. B 
Birmingham, Ala. 
Stewart Warner Products 
Service Station 
1450 Van Ness Avenue. 
San Francisco. California 
Ungar & Watson 
1366 S. Figueroa Street, 
Los Angeles, California 


ns 
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Smooth Transmission 
at Uniform Velocity 


At last! A smoother running, longer life 
Chain Drive, all due to that distinctively 
different and exclusively Ramsey feature . 
—the Compensating Joint. 


Let us send you our highly interesting Text 
Book on Power Transmission, telling in a 
clear and convincing manner why the Ram- 
sey Silent Chain Drive excels in the Power 
Transmission Field over other forms of 
drives—chain, leather, etc. It’s free. 


No Vibrations 
No Fulsacbions 


What’s your name? Address? 


wn 1 Bar 4 
(RAMSEY) ~“ 
CHAIN-C-INC. 
SILENT CHAIN DRIVES N 


WITH THE COMPENSATING JOINT S 
(PATENTED) ~N 
Main Office: 1047 Broadway, Albany, N. Y. ak 


Branch Offices: 41 E. 42nd St., New York City 
855 Leader-News Bldg., Cleveland, Ohio 
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FLEXIBLE SPEED REDUCTIONS! 
INSULATED Why not connect direct 


to your motor? Eliminate 
COUPLINGS cumbersome chains and 
(PATENTED) countershafts. 


Standard units carried in 
stock. 


Reductions as large as 
96 to 1. 


Send for booklet No. 21. 


H. SMITH 


15 LOCK STREET BUFFALO, N. Y. 
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that give you every ad- 
vantage plus real service. 


The GRUNDY 


Here’s a smoothly oper- 
ating unit that will trans- 
mit more horsepower 
and give longer service 
than you have been ac- 
customed to receiving. 
In addition to its . 
ciency, this coupling has 
no projections to cause 
damage. 


TheMATHER - 


A little cross - shaped 
leather insert gives this 
coupling great flexi- 
bility. Has few parts 
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ELWELL-PARKER 
6000 POUND 


ELECTRIC LIFT TRUCK 
Will pick up and deliver 15 P 


more materials day after 
day at less cost than any 
similar truck. 
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able coupling for use in 
connection with smal! 
motors and light loads. 


Ask for Booklet “F.” 


CHARLES 
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Request details as to = 
this new Special, illus- (e if N 
trated in Bulletin 4535 3 ay 


ota be, oth 


All 


COMPANY 
617-619 Arch Street Philadelphia 
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The Elwell-Parker Electric Company 
CLEVELAND 


PRATET NEAL 
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20 Years of Satisfactory Service“ 


HAT is a statement by Mr. Frank Meyer, superintendent of 

the Shredded Wheat Company, about a number of Link-Belt 
Silent Chain drives which were substituted for belt drives in 1904. 
He continues: 


“From these early installations we learned that Link-Belt 
Silent Chain saved power, eliminated slippage, reduced journal 
friction, afforded a positive speed control and reduced operating 
and maintenance costs. In fact we found it so much more satis- 
factory than other means of transmitting power that we grad- 
ually added more until today we have over 215 Link-Belt Silent 
Chain drives operating various types of machines. We would 
consider no other.” 


Learn what this flexible, positive, efficient power transmission 


can do in your factory. Price List Data Book No. 125 on request. 1901 
LINK-BELT COMPANY 
PHILADELPHIA, 2045 Hunting Park Ave. CHICAGO, 300 W. Pershing Road INDIANAPOLIS, P. O. Boz 88. 
. =- -= > x ngton, W. Va. - -Prichard Bldg. inneapolis,. Minn Now Orleans - - - - = - = = 
Dao hes j —— = > 5 gh, ae e. e sd a - ete Rockelellor Bide. i Lick helt a Co., 418 8. Third St. Whitney Bup. Co. Ltd., 733 Tchoupitou!as St. 
Pitteburgh - - - - = > 335 Fifth Ave. Detroit 5938 Linsdale Ave. Louisville. & X.. 2321 Starks Bldg. Birmingham, Ala. 720 Brown-Marz Bldg. 
Buffalo 8 ——— = © > 745 Ellicott Square ae 8 - A - coed pe 8 Ore. 8t. n N c ca. 100 w. . thee 8 x 15 ———6ẽ᷑ œ æ > 24 Marietta 8t. 
Barre R mas . rlotte. N. - © o >œ œ d 
TORN or 32 26 Second National Bank Bidg. Denvec 8 - - — - 520 Baon Bide. New Orleans 504 Carondelet Bidg. J. 8. Cothran, 909 Com' l Bank Bids. 


LINK-BELT LIMITED:—Toronto, Wellington and Peter Sts.; Montreal, 10 Gauvio Lane, 
H. W. CALDWELL & SON CO.:—Chicago, 1700 8. Western Ave.; New York, 2676 Woolworth Bidg.; Dallas, Texas, 810 Main Bt. 
LINK-BELT MEESE & GOTTFRIED CO.:—San Francisco, 19th and Harrison Sta.: Los Angeles, 400 E. Third St.: Seattle. 820 First Ave., S.; Portland, Ore.. 67 Front 8t. 


LINK-BELT 


SILENT CHAIN DRIVES 
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Calculus made plain for you 


PRACTICAL 


CALCULUS 
FOR 
HOMESTUDY 


—— 


PALMER 


Here is a plain 
and thorough book 
that will give the prac- 
tical man the ability to 
make use of the calculus as he 
needs itin his work. The author says 
in his introduction: “The subject of 

calculus cannot be made easy, but it can be 


made plain.” 
PALMER’S 


PRACTICAL CALCULUS 


For Home Study 
By C. I. Palmer 


Armour Institute of Technology 
443 pages, pocket size, flexible, 186 illustrations, $3.00 net, postpaid 


This book is for the man with limited mathematical 
training who has need for a working knowledge of 
calculus and its practical applications. It shows just 
what kind of problems can be solved with the aid of 
calculus and explains thoroughly and clearly how. 


You have been waiting for this book 


A working knowledge of calculus is of such advantage 
that hundreds of men have been asking for just such a 
simple and understandable book as this one. The book 
avoids involved mathematical terms and phrases. It 
covers every point plainly. It tells you the many practi- 
cal uses to which calculus can be put—how you can use 
it daily—how it can help in your work. 


Examine a copy Free for 10 days 


Examine this book FREE for 10 days. See it for your- 
self—see how plain the book makes calculus. Just send 
the coupon today. You are under no obligation to pur- 


ii 


* 


chase the book unless the 10-day trial period convinces 
you it is worth twice its small cost. 


FREE EXAMINATION COUPON 


* 
„ 7 
tî McGraw-Hill Book Co., Inc., 370 Seventh Avenue, New Vork. 4 
= You may send me on 10 days’ approval Palmer’s Practical Calculus «œ 
for home study, $3.00 net, postpaid. I agree to remit for the book ! 
s or to return it postpaid within 10 days of receipt. - 
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98% to 99% 


98% to 99% of the power ap- 
plied is transmitted by Amer- 
ican High Speed Chains. No 
other form of power transmis- 
sion can show such a high 
percentage of efficiency. 


Yet this is only one of the out- 
standing features of American 
High Speed Chains. They run 
without initial tension and 
practically no friction. They 
are smooth, silent, and depend- 
able. 


For short drives they are ideal. 
No idlers are needed, there is 
no slippage. 


eT TUE MMMM AMM Tc 


Let one of our engineers work with 
you on your transmission problems. 
No obligation. 


A HIGH SPEEDCHAINCO. 


| INDIANAPOLIS, U. S. A. 
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115 EVELLEN Go: 


Speed 


Control 


Here is an application of the Lewellen Variable Speed 
Transmission to a milling machine in the plant of 
Thomas L. Green & Company, Indianapolis. Although; 
the Lewellen costs less than 2% of the price of the & 
miller, it controls the entire output, improves the work 
and renders the machine many times more valuable. 


LEWELLEN MFG. CO. Columbus, Ind. 
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Somewhere in Your Plant— 


Somewhere in your plant there is a coupling which is not 
giving all the power it should, which is wearing prema- 
turely or which is constantly breaking. The Falk-Bibby 
Coupling has shown remarkable efhciency under even 
the most trying conditions and, because of its perfect 
lubrication, is practically free from wear. 


The greater the shocks, the more irregular the load, the 
more frequent the vibration, the more this coupling 
demonstrates its great superiority. 


The Falk Corporation, Milwaukee 


FALK —BIBBY 


COUPLINGS 


Flexible couplings for every service 


= al 
FLEXIBLE CUUPLINGS 
5 Ss EB) = 


“They make good machines last longer 


In all Francke designs laminated steel 
springs provide for shaft misalignments in 
every direction. They cushion load shocks 
and vibrations. Where needed thev also 
act as a safety device. 


Ask for Bulletin No. 37. 


S Types of Francke Flexible Couplings 


Prentd Sel Type for Fractal H P Driva. | SMITH E SERRELL 


Heavy Pattern Type—a general purpose coupling. Coupling Specialists Since 1912 . 


High Speed Type—for High Speed drives. 
Double Type—for heavy duty, continuous drives. 26 Washington Place, Newark, N. J. 


Marine Type—used on small power boats. 


District Office, Fulton Building, Pittsburgh 
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power you pay for 


Most shops are finding that the drive layout 
delivering the most power at the lowest cost 
per unit produced per year is the group 
drive using leather belts. 


Leather belts transmit more power 


with less slippage and less bearing Says: 
friction than any substitute. They 

have a longer life and a higher salv- “When ye 
age value than substitutes. t 858 
From actual shop experience, the en 
group drive with leather belts av- together 
erages 1/6 as much time lost with 


through breakdowns as the individ- 
ual drive. 


Read this: 


Robert W. Drake, electrical engineer of the 
McCormick International Harvester Plant, has 


Burnley Soldering Paste 


written three articles which have been re- á n? à ’ 

printed in pamphlet form When to Use Group Write ye ll haf to git a team o horses 
and Individual Drives.“ He knows drives and to pull it apart. They’s many a 
belts—he has used nearly every kind of tool— For a 

HIS PAMPHLET IS PRACTICAL. paste I have used but the only 


Free one ye kin bank on to stick is ole 
Burnley. If you ain’t tried it yit, 

Sample write fer a sample to 
The Burnley Battery & Mfg. Co. 
North East, Pa. 


POTTER TA olan nn A T annuum 


Use the coupon today; 
il has put money in other pockels—get yours. 


LEATHER BELTING EXCHANGE 
Philadelphia, Pa. 
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The Searchlight 
Section of This 


Paper— 


eEG AE H EES Er COP E 


is devoted exclusively to the advertis- 
ing of idle used and surplus new equip- 
ment, and all other business “Oppor- 
tunities” identified with the field cov- 
ered by this paper. 


Nothing takes the place of 


Je ll Aft. iea ARSSENA [alll 


hat on 


Buyers and others consult 


UL TSE Sea teil. r erb ftir TT a AA bindungen inte. RDT. 


8 ce : 99 
„7 ˙ I E = = Searchlight’’ ads for 
| Address LEATHER BELTING EXCHANGE, i 8 
| os 417 Forrest Building, Philadelphia, Pa. | = what they want. 
[ Please send me a free copy of ‘‘When to Use Group and Indi- | = =: 
| vidual Drives” by Robert W. Drake. 1 z 
1 1; 2 You can reach them quickly and at 
666%ù% UU M³51y e OR ABS Be ORs SRO ] ee 3 RE 3 Z 
| ce | 2 small cost through an advertisement : 
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How would you like to 
spend an evening at an exhibit 


like this ? 


ES you would if you had the time, 

and perhaps the money, to visit 

such an exhibit and go through 

it from one end to the other. Of 

course there would be many items that 

you would find no immediate use for 

in solving your particular problems, 

but there will always be something of 

value, something to make the trip 
worth while. 


O` the other hand, in February this year 

there will be an exhibit (on paper) of 
mechanical and electrical equipment espe- 
cially and entirely adapted to the newer 
developments in industrial conditions, 
every item of which will concern you 
directly or indirectly. An exhibition with- 
out frills, without wasted effort, without 
lost motion or time. The February issue 
of Industrial Engineer will be, in effect, a 
convention of operating men from all parts 
of the country. The stories and articles to 
appear in this number, have been collected 
by editors traveling many thousands of 
i miles and attending the a conven- 
iy tions of the past year. . 


A national survey of industrial plant changes 
that tend to improve operating conditions 
will appear in the February issue of 


INDUSTRIAL ENGINEER 


Devoted to the Maintenance and 
Electrical and Associated Mechanical Systems in Mills 5 Factories 


‘ 


Advertising 


McGraw-Hill Company, Ine. panne: 
Old Colony Building, Chicago, Ill. 
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Champion Endurance Motors 


High Efficiency Constant Service Cool Running 


Large Ventilating Areas Increase 
Overload Capacity and Life of In- 
sulation— Prolong Life of Motor. 


Single Phase 1/4 to 5 H.P. 
2 and 3 Phase 1/4 to 20 H.P. 
Split Phase 1/8, 1/6 and 1/4 H.P. 


All Champion Motors are 40° C. 


Write Us For Particulars and Prices. 


Champion Electric Company, 3. Louis, M.. 


PHOENIX ELECTRIC CO. 


MANSFIELD, OHIO 


M PUTONCTUTE PUUTTUU CTT ADU AO OLEATE LOC ALTO manmammmaananannunmnm TOTE N Aumummmmmmamunn | | Ht | ACTEN LTE eT TL eee Š 


Sales Offices: Buffalo, Chicago, Cleveland, Detroit, Erle, New York, Phila- 
delphia, Pittsburgh. Sales Agencies: Underwood Electrie Co., Ch :cinnati; 
W. T. Osborn, Kansas City; Coast Equipment Co., San Francisco, Cal 


— nn Alumni bmg Annemie autumn im m n uE E ARANUI LANDRA ONAT: DAM NAALD ITA nente 17 

n Serving Industrial § § Sturtevant Electric Motors | 

: Requirements Correctly ß 

: = f Direct and Alternating Current 

= Burke Motors have = & 

: firmly established Single and Polyphase | 

- tuee grear practic g g Generators and Generating Sets 

= ability in the minds = 8 

=| of those who use = & 

E them. That is why, = A 

= w hen additional — 83 

: motor equipment is B. F. Sturtevant Company 

3 ought, the prac- — 

E tical industrial man = 8 Hyde Park, Boston, Mass. 

= who knows Burke 8 1100 

= Motors specifies = cn EM 2 5 

= them. You will be £ 

= repaid in real motor = gm MLODAU CO LANACA AS ——— 

= service later on if £ ; = 

= you investigate 3 MEN] SER | 

= Type WA BURKE Burke Motors now. & _ AN INVES IN GOOD VICE! 
Direct Current Mot 

: z a 5 Phoenix Motors have 

8 Bulletin 2 grown in favor because = 

3 s on Request 5 l they have produced re- 

8 Alternators, Generators, = sults. 

2 Sets, Arc Welding Equipment = 2 

- = SERVICE TO THE USER 5 

3 E Minimum charge for | 

E = maintenance and repairs d 

g z and long life record. = 

= = = 
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The feet of Type T Reliance Motors 
are cast integral with the steel 
frame. Wide ribs carried up from 
the feet give the most effective 
support. The bottoms of the feet 
are machined. The base holds are 
jig drilled and seats for holding- 
down bolts are spot faced. Special 
attention is given to the accuracy 
of those dimensions affecting the 
direct conection of the motor to a 
machine. 


175 h.p., 675-900 r.p.m. Type T Reliance Motor driving Cameron Pump. 
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Ready to Go— 
24 Hours a Day 


You can rely upon Type T Reliance Motors for 
the dependable service which you expect on pumping 
units like this. 


These motors are rugged mechanically and are 
carefully insulated to stand the strain of hard service 
under unfavorable conditions 24 hours a day. They 
have been doing it for over eight years. 


We shall be glad to tell you where and how. 


Bulletin 2014 shows in detail how Type T Motors are 
built to do more than meet ordinary needs 


RELIANCE ELECTRIC & ENGINEERING CO. 
1051 Ivanhoe Road, Cleveland, O. 


Branches: Boston, New York, Philadelphia, Pittsburgh, Cincinnati, 
Detroit, Chicago, Birmingham, Ala. 
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ARBLE~- CARD 


Illustration shows 
a commutating pole 
type D. C otor. 
We manufacture a 
complete line of 
A. C. and D. C. 
motors. A. C. in 
sizes up to 30 hp. 
(described in Bul. 
letin No. 300); 
D. C. in sizes up 
to 75 hp. (described 
in Bulletin No. 
200). 


Commutating Pole-Ty pe D-C Motors 
Polyphase Induction A-C Motors 


Motors that possess all the required 
qualities for efective service. 


Marble-Card motors are the work of spe- 
cialists. Today the attitude of industry 
towards these motors is evidenced by the 
large number in use and the growing tend- 
ency toward their use. Proven engineering 
standards in design, material and workman- 
ship together with modern production facil- 
ities assure that this work of specialists shall 
be maintained. Marble-Card has made 
economy in performance a feature cont: 
tion to motor service. 


The Marble-Card Electric Co. 
Gladstone, Mich. 
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MARK OF ALLIS gS 
EXCELLENCE (/7~@ 


ELECTRIC 


MOTORS 


DIRECT AND ALTERNATING CURRENT 


MANUFACTURED. FOR 
TWENTY-THREE YEARS 
FOR GENERAL PURPOSE 
AND SPECIAL APPLICATION 


fe lil LSI OMIA SOME E EEL RGIS ETE ULM aA 


WAT SON 
MOTORS 


L. A. 
MOTORS 


EVERY L. A. SALESMAN IS 
AN APPLICATION ENGINEER 


THE LOUIS ALLIS co. 


MAIN OFFICE AND FACTORY 
MILWAUKEE 
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Baldor Electric Motors | 
Ball Bearing a 


Horizontal 


Single Phase 3 
Vertical Design 4 


Repulsion Type 


A Semi and 
Direct Current Totally: Encloesd 
Polyphase Back Geared z 


CUM, 


Superior in Quality 


Competitive in Price 


Baldor Electric Co. 


4351-55 Duncan Ave., St. Louis, Mo. 
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ttt. LETS TL TATE TESTERS 


WELCO MOTORS - 


MAKE GOOD 
ON ANY 
DRIVE 


14 to 50 H. P. 


Ball 8 and 
Sleeve Bearing Types 


——— 


, , e, r kel. l, e et 


P f 
22 


Interchangeable 
Frames on t 
Current, 
Polyphase ans and Single 


Manufactured by 


B. A. WESCHE ELECTRIC CO. 
CINCINNATI, OHIO, U. S. A. 
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The days of the treadmill 
are gone— 


Power and motors have forever replaced the treadmill. 
Industry has year by year demanded more and more 
of motors. l 

Manufacturing costs require the utmost in economical 
performance. 


Hence, it is natural that the conservatively designed 
motor should be the present day choice of large plants 
all over the country. 
Whatever your motor problem may be—whatever work 
your motors must do—there’s an E. D. Ball Bearing 
Motor tħat will do it. 


Send for data 


We have a series of bulletins descriptive of E. D. 
Motors for every use. Tell us your requirements and EI EC | RO D y NAMI CO 
we will be glad to help you obtain the best motor * 


equipment for your purpose. BAYONNE, N. J. 


DYNAMIC MOTORS 


MN 


raji TOPO eee ft. PAM E a l. APS Salad n diaas iaria a e eb REN 


i hl > Does This Fit into 
ie Pour plans for1925? f 
2 3 HEN you go to your trade in 
= WRITE FOR DESCRIPTIVE BULLETINS a 1925, what could possibly be E 
: 3 sweeter music to their ears than a : 
- DIEHL MANUFACTURING CO. = ee T g OA an, 
: = could possibly have a stronger appeal 
5 Elizabeth, New Jersey = than a story of reduced service costs! 
EF Atlanta Boston Chicago New York Philadelphia 3 If such a story for 1925 fits into your 
3 = plans, by all means investigate the proposi- 
SSN - n fn RTE IS) OURO kale . a aa nda „ a eor iga E tion that 1s being offered today in Master 
; Motors. It is a proposition that deals in 
e MEAN Hi HIE GENE EEE e UE , t E a A eee OU REEE ee eee e d cold facts about the elimination of stalled 
j motors; the elimination of burned out wind- 
=| a ings; the elimination of blown out fuses and 
= Jeannin many other troubles that “eat away” the 
3 A profits of your dealers. 
E Single Phase If you sell or design 
= A electrically driven appli- 
3 Repulsion ances, the Master propo- 
3 sition will at least prove 


interesting reading. 
Write us for it today. 
THE MASTER 
ELECTRIC COMPANY 
450 First St. Dayton, Ohio 


MAS TER 


Ito lap MOTORS 40°C. 


Induction 
Motors 


1 


11 
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14, to 5 H. P. 
The Jeannin Electric Co., Toledo, Ohio 
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You owe it to yourself to do this someday—we'll pay you to 


do it now 


To every man who subscribes to the Croft Library of Practical 
Electricity NOW, we will give a copy of Taylor’s Transformer 
Practice absolutely free of charge. 

This is a valuable book containing the most usable kind of 
information about the connection, installation and operation of 
transformers and static induction apparatus. 

You will want the Croft Library sometime. No more profitable 
op unity to get it could be given you than this special free 
offer. Send the coupon and just see these books. 


The Croft Library 


A com bined reference library and home-study 
course in practical electricity 


T. THESE volumes Croft teaches you electrical 
practice complete. He takes you in quick, easy 
steps from the simplest principles to the complete 
and economical operation of a great central station. 
He tells you all that he has learned in twenty years 
of shirtsleeve practice. He teaches you electricity as 
experts know it and fits you to earn an expert’s pay. 


Thousands of first-hand facts, short cuts 
and methods arranged for ready reference 


The Croft Library contains three thousand pages, with twenty- 
one hundred of the clearest illustrations ever t into book 
form. Each of the eight volumes is inde so that everything 
you want to know about electricity is at the finger’s end. 

Croft tells you the things you need to know about motors, 
generators, armatures, commutators, transformers, circuits, cur- 
rent, switchboards, distribution systems—installation, ration 
and repair of electrical machinery—wiring for light and power 
—wiring of finished buildings—underwriters’ and municipal re- 
qıirements—hħhow to do a complete job, from estimating it to 
completion—illumination in its every phase—the latest and most 
improved methods of lighting—lamps and lighting effects, etc. 


Free examination—no money down— 
only $1.50 in ten days and 
$2.00 a month until paid 


Fill in and mail the coupon attached and we will send you the 
entire set of eight volumes for ten days Free Examination. We 
take all the noem bar all charges. You assume no obligation— 
you pay nothing unless you decide to keep the books. Then 
$1.50 in ten days and the balance at the rate of $2.00 a month. 
Send the coupon NOW and see the books for yourself. 


When your first payment of $1.50 is received, we will send you 
your free copy of Taylor’s Transformer Practice. 


FREE EXAMINATION COUPON 


t!!! . eee ne a 


] 
MoGraw-Hill Beok Co., ine., | 
370 Seventh Avenue, New York. l 
Gentlemen :—Please send me the Croft Library ef Practical Electricity l 
(shipping charges prepaid) for 10 dave free examination. If satisfactory, i 
I will send $1.50 in ten days and $32. a month until the special 
of $19.5 paid. not wanted I will write for return shipping U 
ons. Upon receipt of my first ent of $1.50, I am to receive 
a free copy of Taylor’s Transformer Practice. | 
J Sook amicably ne ee io ee eee E | 
Homė | (((dssdrſd ĩ «ꝝðù .d... oO ees i 
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The 30 H. P. Motor 


Squirrel Cage Induction 


POLYPHASE MOTOR 


bearings are built of the best 
grade cast phosphor bronze and 
are of a size to give years of un- 
interrupted service. To further 
insure a long life to the bear- 
ings, the bearing housings and 
oil wells are made as near dust 
proof as it is possible to build. 


Temperature rise not more than 40° C 


Write for Folder Vo. 535 


1-6 to 75 H. P. 


Century Electric Company 
General Offices, 1827 Pine Street 
St. Louis, Mo., U. S. A. 


Sales Offices and Stocks in Principal Cities 
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40° 
Squirrel Case Motor 


Serve Your 


A.C. Motor Needs Better 


Built to Your Specifications! 


ROTH Engineers are at your service 
to solve for you any and all of your 
vexing direct current and polyphase 
alternating current motor problems. 


ROTHMOTORS will be built to meet 


your particular requirements, thereby 
assuring you a highly efficient instal- 
lation. 


You will find the same high quality 
and the same refinements in ROTH 
Alternating Current Machines that 
you have become accustomed to find- 
ing in ROTH Direct Current Motors. 


ROTHMOTORS will serve you effi- 
ciently day in and day out for year 
after year because embodied in them 
are all the fine points in motor design 
we have developed duf ing our 30 years 
in business. 


Write for Our Free Bulletin No. 212 
Roth Brothers & Company 


1404 West Adams Street 
Chicago 
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HERTNER 
MOTORS 


T, hey are free from 
bearing troubles 


The only feature of an induction motor likely to 
cause trouble to any appreciable extent, is the bear- 
ing. Hertner Motors are designed with this fact 
clearly in mind. To keep the sleeve and shaft in 
alignment under any condition of load, and in spite 
of shaft deflection, which is unavoidable. In place 
of rigid support for sleeve bearings, Hertner Motors 
have sleeves supported in the middle third of their 
length, which permits a certain freedom of swing, 
thus contact with the shaft is maintained throughout 
the length of bushing. Thrust strains which may 
occur when shipping or erecting the motor are taken 
by a machined seat on the bearing housing. 


HERTNER ELECTRIC CO. 
West 112th St., Cleveland, Ohio 


How Hertner bearing 
design eliminates the 
chief cause of trouble 


The upper diagram shows what happens when the pull comes on 
the shaft in the ordinary motor. The bearing surface becomes an 
edge, and the wear concentrates. 


The lower diagram shows the way in which Hertner Bearings align 
themselves with the shaft. 
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F-10 Oil Circuit Breaker 


An inexpensive circuit breaker furnishing pro- 
tection against overloads, short circuits and 
voltage failures on circuits of 2500 volts or less. 


It is drip proof and dust proof. It mounts right 
on the wall, no switchboard panel being required. 
It is ideal for industrial plants. 


It furnishes complete 
control and protection 
for motor circuits. 


An F-10 Oil Breaker, 200 
ampere, 2500 volt, 3-pole, 
Single- throw equipped with 
full automatic series current 
and trip overload coils, in- 
verse time limit, under vol- 
tage attachments and vol- 
tage transformer. 


F-10 Oil Breaker, with 
cover and tank removed. 


Descriptive Leaflet 3400 
gives all particulars. 


A 


Westinghouse Electric & Manufacturing Company 
East Pittsburgh ennsylvania 
Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


.F-10 Oil Breaker, 
with Ammeter to indi- 
cate load conditions. 


Westinghouse 
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“You Don’t Have To 
‘Coddle This Cord” 


It’s tough—a real he-man cord from the word go. 


You can yank it around corners—drag it through water, oil, grease 
and dirt—run trucks over it—drop tools on it—and it will stay right 
with you, delivering the goods 4 or 5 times longer than ordinary cords. 
The tough, resilient rubber cover of “U. S.” Royal Portable Cord pro- 
tects the conductor from the severest kind of service. There is no 
exposed fabric to absorb liquids or dirt—to rot or tear. It eliminates 
the danger and annoyance of “shorts” and breakage. 


Test it in comparison with other cords and compare the wear. 


United States Rubber Company 
1790 Broadway New York City 


Complete stocks carried in the following cities: 


Atlanta Columbus New York San Francisco 
Baltimore Denver Omaha Seattle 

Boston Detroit Philadelphia : Salt Lake City 
Buffalo Indianapolis Pittsburgh St. Louis 
Chicago Portland Syracuse 
Cincinnati i Rochester Toledo 


Cleveland 
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: The Standard for Rubber Insulation 
OKONITE PRODUCTS 


8 are available for all electrical purposes. 


A-1 MAGNET WIRE 


Plain Enamel, Single Cotton Enamel, 
Single and Double Cotton Covered. 


“AMERICAN BRAND” 


They have stood the test of time and are recom- 
mended by prominent Electrical Engineers every- 


emma 


= where. 
Wannen, . N * g Power Cables (Okonite Telephone and 
Weather-proof Iron Wine and Varnished Telegraph Potheads 
Slow Burning Weather-proof Copper Cambric) Telephone & Telegraph 
= Submarine Cables Wires 


Wire and Cables 


Bare Copper Wire and Cables g à ToN Wires & Cables pre (hard service - 
Are representative of the highest principles in manu- z a oe Portable Cords 
facturing and merchandising in the wire industry. : Ignition Wires 
= Jumper Cables Okonite Splicing 
American Insulated Wire & Cable Co. = Plough Leads Materials . 
Chicago, Illinois Locomotive Headlight Okoloom (Ha d Finish z 
Wire for Hard Service) 


Write for handbock 
“INSULATED WIRE & CABLE” 


THE OKONITE CO., Passaic, N. J. 


Sales Ofices—NEW YORK, ATLANTA, PITTSBURGH, SAN FRAN- 
CISCO. Agents—Central Electric Co., Chicago, III.: The F. D. Lawrence 
Electrio Co., Cincinnati, O.: Pettingell-Andrews Co., Boston, Mass.: Nor- 
elty, Electric Co., Philadelphia, Pa. 


Canadian Representatives—Engineering Materials, Ltd., Montreal. 


Auna 
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“AMERICAN BRAND 


WEATHERPROOF WIRE AND CABLES 
HAS NO EQUAL 


JULIETTE ENAATAT eNA 


4 
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ELECTRIC CONDUITS | | SALAMANDER WIRESand CABLES 


For Interior Use The highly desirable finish on Salamander wires 
RIGID STEEL OR NON-METALLIC and cables is only obtained by using long asbestos 


: fibres. These fibres do not require a cotton thread 
Also Special Shapes Light Wall Tubing 


as a carrier during the insulating process, there- 
by avoiding the tendency of opening. 


Hn NU Ar 
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Samples by mail upon request The resulting Salamander insulation gives a 
y P a emooth, hard continuous wall. 
AMERICAN CIRCULAR LOOM CO. 
YORK INSULATED WIRE WORKS 
8 90 West St., New York 
2 B Puts! Chi of G Electric Co 
3 ron 1 io eneral Elec ` 
3 Loa Angeles Portland York, Pa. 1737 Broadway, N. v. C. 
a = g = 
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These products assure performance 


All things considered Dudlo products give you the most 
in results. It will be to your advantage to obtain samples 
and quotations. 


Dudlo Manufacturing Corporation, Fort Wayne, Ind. 


Western Representative: A.S. Lindstrom, 111 Montgomery St., San Francisco, Calif. 


Magnet Wire 
and Windings 
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DUD LO 
PRODUCTS 


Bare and Tinned 
Copper Wire, Enam- 
eled, Cotton, Silk, 
Cotton Enameled and 
Silk Enameled Mag- 
net Wire. 

Coil Windings fcr 
Meter, Transformers, 
Magnets and every 
electrical purpose. 
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Western Terminar Evavaror, Fr. WI LIAN. OnT., Can. 
Elec. Cont.: Malen Electric Co. 


Cents. and Engs.: Fegles Construction Co. 


electric circuits of this large Canadian 

grain elevator are made dependable and durable 

by Sterling Rubber Insulated Wire. Where- 

ever these qualities are desired there Sterling 

will meet every requirement. It is a general 
purpose N. E. C. wire of unexcelled quality. 


Write our nearest office 


Standard Underground Cable Co. 


Boston PHILADELPHIA Prrrasuncn 
WasHINGTON Deraroir Sr. Louis 


For Canana: Stanparp Unpearcrounp Casu Co. 
or Canana, Limitrep, HAMILTON, ONTARIO 


Cuicaco New York 
San Francisco 


ape 


patale anhe t riit mm am 


Z 1 


Americore 


RUBBER COVERED WIRE 
FOR INTERIOR WIRING 
HIGHEST STANDARD OF EXCELLENCE 


BEREAU TALL 


Send for descriptive book 
American Steel & Wire 
Chicago—New York Company 


Lee. 


nine CUAL LAE OLLUTTA NEST 


Get that wire—when you want it! 


For your repair work you want your l 
orders filled promptly. We carry 
complete stocks of round magnet 
wire all insulations sizes No. 8 and 
finer. Call on us when you need 
wire quickly. 


American Enameled Magnet Wire Co. 
Muskegon, Mich. 
nT i TE o TET ak ee Te ETT STOTT 
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FORT RBLE Cong 


Meets your hardest working conditions 


A shop superintendent writes us as 
follows: 1 A 
“It may interest you to know that you 
have the only cable used for extension 
cords which will stand the abuse gener- 
ally accorded to extension Lamp Cords. 
Your cable is the most flexible and dura- 
ble cord ever put on the market. It will 
cut the expense on extension cords 40% 
to 50% anywhere.” 

These are strong words, but there is no 
doubt in our minds that Tirex is giving 
real service in this shop and deserves a 
trial elsewhere. Why not place an order 


now and find out for yourself? Write 
us today. 
SIMPLEX WIRE & CABIE Q 


MANUFACTURERS 


201 DEVONSHIRE ST., BOSTON 9 
CHICAGO SAN FRANCISCO NEW YORK 
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| The insulation 
es makes all the 
92 difference in 
the world. 


Repeated checking at every step 
in its manufacture assure you. 


See 


alli 


any or that Maring Wire is insulated 
for keeps. Send for sample. 


i 


all of them 
FREE 
for 10 days 


BISHOP— 
Electrical Drafting and Design 


By Calvin C. Bishep, Head of the Department of Drafting and Design, 
Ivchuical High Scawol, Buffalo, N. Y. 166 pages, 6x9. 138 diagrams. 
Charts and tables EE rears A $2.00 
A practical book on electrical drafung and design covering the work that has to be 
dione in the office of an engineer, a contractor, or a power company. 
The book gives a clear and complete treatment, drawn from actual experience, to 
every phase of the subject. It gives the needed facts about drafting and design 
for layouts, switchboards, lighting, residence wiring, outdoor substations, motors and 
motor wiring. 


ROWLAND— 
Applied Electricity for Practical Men 


HEW SECOND J. Rowland, Bdvcational Director, . ‘The Milwsuker: Electric MARING WIRE CO. 


nn AA e A P k aaa AE neee aha 


n ee, 


ur 
3 PAE At the Diesel a ‘Mec Edition: 
essor ectrica ngineering at the Drexel Institute. on. > 
448 pages, 5x734, 366 iilustrations.........ssssssssessoosoe ä 9 42.30 Muskegon, M ich. 


A clear treatment of the applications of electrical engineering, written from the 
standpoint of the worker who installs or operates commercial circuits and machinery. 


DAWES— | 
Industrial Electricity 2 


— PART 1 
by Cusster L. Dawes, Asslstant Professor of Electrical Engineering, Har- 
vard University. 370 pages, 5% x8, $2.25 net, postpaid. Electrical Engi- 
neering Texts. 
new book explains the underlying principles of electrical engineering ani 
e-ectrical engincering apparatus and gives the practical man and the beginner 
a bird’s eye view of electrical engineering and its problems. 


CROFT— 
Electrical Machinery and Control Diagrams 


By Terrell Croft, Consulting Engineer. 305 pages, 5%x8, 570 illustra- 
tions 65655 2 „„ „„ „„ „ „ „„ „6 „ 99955 %%%%% %%% „%ũ.— œ „% „„ „„ „ %%43 9 . 88.00 


A collection of more than 500 circuit diagrams presenting all of the apparatus usel 
in modern electric power practice. The book includes connections ranging from 
those for the most simple motor circuits up to one-line diagrams of super-power 
stations. Motor-control diagrams are given which extend from those for the simple 
manually-controlled starting rheostat to the automatic substation. 
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WIRES and CABLES 
For PLANT WIRING 


Rubber, Cambric & Paper 
Insulations 
All Sizes All Services 


We Have a Distributor Near You— 


Safety Insulated Wire & Cable Co. 
114 Liberty Street New York 


HOE TATE SE E R R ARG ia 


GRAY— 


Principles and Practice of Electrical Engineering 


NEW THIRD EDITION 
By Alexander Gray, late Professor and Head of the Department of Elec- 
trical Engincering, Cornell University. Revised by R. F. Chamberlain. 
Assistant Professor of Electrical Engineering, Cornell University. Third 


EUH tiad EEO E a e ARG hR i ! 


oa ter l bet 


Branches: Boston Chicage San Francisco 

SOE Mep a A a E E .fr - h. E 
ENUN A ME R E AROAN A Ea AN E TSAR ai — 
= 99 ° = 
| = “OK” Weatherproof Wire 
een HII Sook Company, Ine., 370 Seventh Avenue, New York. =] b ; = 
nd me on ays’ approral— l El 6é 99 = 
E rac” Rubber Wire 
E E E E E E EEE E l|: Pa z 
3 2 ° = 
| sa %%% ͤ ͤ (u0⁰¾V no terre aaa estate 3 Slow Burning Wire 
O E tects teeta 4 , 
| n to pay for the books or return them postpaid within 10 days of | 2 Bare Copper Wire 2 
| enen V 77CCCCCC C ens BE 5 
j cn (Please print. i = 
Address J)J%%%%%CFFF́TFCCCTCT eat conned E W C 3 
l 18 PHILLIPS IRE COMPANY 5 
j Ofcial Position ⅛oðVW-y.d y ³ . ona | = Bs = 
l = 7 2. p = 
Name of Comban gg . C | = Pawtlicket, R. L = 
(Books sent on approval to retail purchasers in U. S. and Canada only.) l = = 
i e f 1. E. 12-1-24 = a 
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for Resistance 
Heating, Welding 
and Brazing are 
money savers in 
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American 
Industrial 
Plants 


American Transformer 
Company 
NEWARK, N. J. 


Aa une ENUMERAR A MAR AEE MIANA ee LL 
SE AANE RUCK HTT ACE TSIM TE ABANGE ET EM E nanu 


SRRA AE ANLAT A RUT LL EEA N E A A MENPE SIBIRIEN ATANAN A 


Send for 
Bulletin 1030 


MS 


VT V9 


. AAS ALA aa 


HENMAN TINE: E LAH 
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— 11 r MN 
= bd et 2 
rng Pac 
5 KARD ELECTRIC CO. 
= WARREN, O. 
=a | BUILDERS 9 TRANSFORMERS SINCE 1890 
E ere ROU iP = 
= SS 2 
al iet ede t LTE HAP MAMI CMU MRI IT AAE NEMO EN TORTI 
ait. itte CA UIELER E mm AENA. ASTE Are TAT me 
= 9 
: That’s Us! i 
3 LARGE OR SMALL. When you are 3 
= in the market for transformers, get our £ 
z quotations. Any voltage—any capacity. = 
= We are in position to give prompt deliv- = 
= eries on quality built transformers. 8 
= 8 
C ll Mfg. C b 
Campbell Mfg. Company f 
: 19 Stewart Street Lynn, Mass. = 
5 ö eee Ilan an RS ESR TTS — 


EN 


Drum controllers for cranes, 


IN 73 


W UNION 


DRUM CONTROLLERS 


give such continuous 
trouble-free service 


A few of the many features that distinguish Union 
Drum Controllers and enable them to stand severe 
service with great success. 


“Perfection” non-stubbing fingers which can be 
detached, dressed or tip renewed, and replaced 
in less time than it takes to remove an ordinary 
controller finger. 


A screw driver is the only tool 
required to remove fingers. The 
finger board is removable with- 
out disturbing any other part. 


hoists, derricks, tractors, trucks, 
mine locomotives, metal and 
woodworking machinery, and all 
general purpose applications for 
slip ring, squirrel cage, multi- 
speed and direct current motors. 


Send for “Publication 500” giving complete 
details of drum controllers and accessories 


UNION ELECTRIC MANUFACTURING CO. 


Milwaukee, Wisconsin 
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Temperature 
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Relay 
Protecting 50-Hp. Motor OHIO 
TL eee eee 


neee 


/ cos or Taylor \ 
emperature Instrument 
for every 
purpose 


Taylor Instrument Companies 
Rochester N.Y., U.S.A. 
Canadian Plant 
Tycos Building - Toronto Canada. 


INSULATORS 
LINE HARDWARE 


ELECTRICAL 
PORCELAIN 
SPECIALTIES 
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Ac 
ers EAST LIVERPOOL & LISBON OHIO 2 
Orr IiCas 


Re ere) NEW YORK BOSTON CHICAGO LONDON |E 


PACIFIC COAST IN CANADA 
WESTERN ELECTOIC CO. INC. NORTHERN SLEC TC CO 


WeR.THOMAS & SON S @. East UCD. O 


Allnet 
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Take a tip from the calendar 


The calendar ‘‘starts’’ with the first of the year. Your 
subscription to Industrial Engineer ought to start at the 
same time. 


So—if you are not numbered among the enthusiastic 
subscribers to this publication lose no time in filling in 
the coupon—and then mailing it! Just in time for the 
big January number which will start (in noteworthy 
fashion) another year of service for the industrial elec- 
trical mechanical man. Take a tip from the calendar! 


To Industrial Engineer 
1570 Old Colony Bldg., Chicago 


Enclosed find $2 for which please enter my subscription to Industrial Engineer. (Note: While the regular subscription price is §2 
i per year a special offer of 2 vears for $3 is now being made.) 
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City. 
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Title (or lens... resamman stari neemen tarate raa ea aaeeea 

Company Associated with is ³˙ / dd me rem a ta aaeeea aaeeea 
Department (construction, installation, repair, ete.) ncn . —ñ—f ͤ ꝓœ＋2— aaaea me 
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I am most interested in the following subjects : -w Ä —ͤ—„ͤꝛ«„„.„é.hẽ . ————— —ä—ä— 


— eee OTE 
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December, 1924 


UNDISPLAYED—RATBE PER WORD: 


: Positions Wanted, 4 cents a word, minimum 
75 cents an insertion, payable in advance. 


Positions Vacant and all other classifications, 
8 cents a word, minimum charge $2.00. 


Proposals, 40 cents a line an insertion. 
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Contact Metals Company 


THE FUERST-FRIEDMAN, Cleveland, Ohio 


Y 
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BE A METER ENGINEER 


2 © 
= Get in the new profession. We can teach yous 
3 meter engineering by mail at your own home during £ 
i spere time. Su 2 


cers. They pay high salaries. Write today. 
ust your name and 
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È Distributors G.E. MOTORS and 
CONTROL EQUIPMENT 


Motors of practically every size and 
description—ready to ship 
from Toledo stock 


Greatly increased stock of 

= GUARANTEED ‘NAGEL REBUILT’ 
MOTORS and GENERATORS 

on hand. Large quantities, late types 


standard makes at new low prices. 
We Exchange, Sell, Buy 
diera ELEGTRIG 99 
20-2042-34 -JO SAINT CLAM STREET 
TOLEDO. OHIO. 


Rent and Repair 
CACOCCCOCOCOSCCOGOSAOCOCCONOCCCCCOCOOCOBOOOCUDOOCCCOBOCOOOCOOOCONOOOOOCOOCOOOOOONOOOO 


SrONCOOCEOCOCOCCOGCOOOCOSSOOOLOOOOVOORAOADCOBLEOOCOOOOOLOGOCOOCOEBOOGEODDOLROSOOOOOOBOOROODOOOOODEOOOOO 


A printed Manual givin 


electrical device. 


follows: Alternatin 
Regulating Devices, 
Motors, 


erators and motor-generators. 
Circulars and samples sent on request. 


Z324 Matthews Avenue 


WINDING DATA FOR ALTERNATING CURRENT MOTORS 


u the actual rewinding data for two and three phase motors 
of the twelve leading manufacturers. This book will be ap 
shop. It will save delays for lack of the necessary rewinding data, give you the actual 
data necessary to change the speed, phase or horse power. 


CONNECTING DIAGRAMS FOR ELECTRICAL DEVICES 


This office is able to furnish you with blueprint diagrams, 
Many are made up into sets and 
Current Motors, Transformers, Wave Wound Rotors, Current 
ree Phase Stators and Rotors, Direct Current Generators and 
ingle Phase Alternators and Motors, Armatures of Automobile Starters, gen- 


I do not make “Sight un-Seen” sales, if 
not satisfied, prints or Manuals can be returned and your money will be refunded. 


CHARLES L. CHITTENDEN 
Electrical Labora 


|| SEARCHLIGHT SECTION 


$| EMPLOYMENT-BUSINESSOPPORTUNITIES-EQUIPMENT | J 


INFORMATION: 


Bow Numbers in care of any of our offices 
count 10 words additional in undisplayed ads. 


Discount of 10% if one payment is made in 
advance for four consecutive insertions of 
undisplayed ads (not tncluding proposals). 


DISPLAYED—RATE PER INCH: 


to an 
to 7 Inches 4.80 an inch 
to 34 inches. ........0.06- 460 an inch 


An advertising inch is measured vertically on 


POSITIONS WANTED 


APPRAISAL ENGINEER C. E.—Seven 


ears experience in public utility and 
ndustrial valuation, desires position. 
Address PW-165, Industrial 7 
10th Ave. at 36th St., New York City. 


A GOOD LAYER COIL WINDER is look- 
ing for a chance of a. c. armature 
winder. Clean record. Wages easily 
arranged: Must be steady and a good 
Place. Address PW-166, Industrial En- 
gineer, Old Colony Bldg., Chicago, III. 


ADVERTISEMENT FOR POSITION— 
Power house or substation operator 
wants position. Six years’ experience. 
Age 38. Married, sober and worker. 
Any location available on ten aay no- 
tice. Good reference. Write „ L. 
Parks, Den. Sta., Greensboro, N. C. 


BARGAIN — Slow Speed Motors 


2 200 H. Fee ae x P. M 
estinghouse Electric ors a 
fraction of original cost. 2 


STANDARD ELECTRIC MACHINERY COMPANY 
9 East Hill Street, Baltimore, Md. 


A Personal Want 


can be filled through many 
channels. 


A Business Want 


can best be satisfied by others 
in your industry. 


“SEARCHLIGHT’ADS | 


in this paper reach the latter. 


They cost little and invari- 
ably produce prompt returns. 


For Every Business Want 


‘* Think SEARCHLIGHT First 
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FOR SALE 
7 Reducing Worm Drives 


made by the Clevelandi Worm & 
Gear Company; Ratio 60 to 1, Serial 
No. 100-A, 1200 R.P.M., 1 H.P. 
Address 


The Celluloid Co. 
; Newark, N. J. 
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Electricit 
at your finger ends 


Know the facts in Electricity. They mean more 
money and better position for you. Hawkins Guides 
tell you all you need to know about Electricity. 

Every important electrical subject covered so you 
A com- 


4 is 
ew 


* 


can understand it. Easy to study and apply. 
plete, practical working course, in 10 volumes. 

Books are pocket size; flexible covers. Order a set 
to-day to look over. 


HAWKINS GUIDES 


3500 PAGES $1 A VOLUME 
4700 PICTURES $1 A MONTH 


These books tell you all about — 


Magnetism — Induction — Experiments Dynamos 
Electric Machinery — Motors — Armatures — Armature 
Windings — Installing of Dynamos — Electrical Instru- 
ment Testing—Practical Management of Dynamos and 
Motors--Vistribution Systems-Wirin y-Wiring Diagrams 
—Sign Flashers—Storage Batteries—Principles of Alter- 
nating Currents and Alternators—Alternating Current 
Motors—Transformers—Converters — Rectifiers—Alter- 
nating Current Systems—Circuit Breakers—Measuring 
Instruments—Switch Boards—Wiring—Power Stations 
—Installing —Telephone —Telegraph — Wireless—Bells— 
Lighting—Railways. Also many Modern Practica! Appli- 
cations of Electricity and Ready Reference Index. 


SHIPPED TO YOU FREE 


Not a cent to pay until you see the books. No obligation 
sonay unless you are satisfied. Send Coupon now—toda 
—and get this great help library and see if itis not wort 
$100 to you—pay $1.00 a month forten monthsor return it. 


THEO. AUDEL & co., 
72 Fifth Ave., N. Y. 
Please submit for examination 
Hawkins Electrical Guides 
(Price 81 each). Ship at once, pre- 
paid, the 10 numbers. If satisfactory, I 
Sgree to scnd you $1 within seven days and 

to further mail you $1 each month until paid 


Signature —— 


Occupation—__ — = — 


Employed by — = 
Residence — 
Reference — 


< 
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ON SALE NOW 


Hundreds of GENERAL ELECTRIC 
KT, 3 PHASE, 60 CYCLE, 220 
VOLT MOTORS from the Lincoln 
Works of the Ford Motor Co., De- 
troit, sizes 16 HP and upward— 


all the most desirable sizes and 
speeds now available and in stock at our works 
—at Bargain Prices. You know how Ford main- 
tains his equipment—every motor in perfect oper- 


ative condition, These motors were not taken 
out of service because obsolete or worn out, but 
were replaced by 220 volt, direct current motors 


for engineering reasons. Fill in your require- 


ments. Here's your opportunity to get your orders 
in before they are all sold. We ship on ap- 
proval. New and used electric generators, 
motors, meters and transformers. America’s 
largest stock of its kind. We rent, repair and 
exchange. 


g n i 
mode 
equipped 

thorou 
experienced in 
ducing high 

electrical and 
chanical repair work. 
job intelligently and promptly. 


We rewind motors. 
nated and baked. 
sulate commutators. 


We rebuild or 


shop equipment for bearings or 
shafts. All work correctly done 
guaranteed, 


We are organized and prepared to 
real service on jobs sent from 
tion of the country. 


We handle every 


All rewinds impreg- 


Complete machine 


any 
For economy 
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16th and Lincoln Sts., Chicago 
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UPPLIES 


611-13 W. Adams St., 


satisfaction 


Use our service 


Advance Electric Co. 


INCORPORATED 


8 LECTRIC 


LECTRICAL 


OMPANY 


ELECTRICAL SUPPLY JOBBERS AND ELECTRAGISTS 
MOTORS SOLD—RENTED—REPAI RED— EXCHANGED 


Direct Factory Representatives of 


JEANNIN ELECTRIC CO.—SINGLE PHASE MOTORS 
TRIUMPH ELECTRIC CO.—POLYPHASE MOTORS 


1930 McGRAW AVE., DETROIT 


Chicago, Ill. 


ONSTRUCTION 


rein- 


new 
and 


give 
sec- 
25 are assured 


and quality. 
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OUR REPAIR SHOPS 


are prepared to do High Grade 
Electrical Repair Work of all kinds 


at a reasonable price. 


Electric Lighting Supplies 


Inspect our first class stock. Vou 
absolute satisfaction 


Telephone Randolph 1280 
Commonwealth Edison Company 


72 West Adams Street 
PITIIIIIITITILITI TIT ititi tiie 


Keep your Eye 


Searchlight 


and your 


Advertisements in it 
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WHAT AND WHERE TO BUY 


Prospective purchasers in the electrical-mechanical market are invited to apprise 
us of their needs, assuming, of course, that the articles sought are not listed here 


INDUSTRIAL ENGINEER, OLD COLONY BLDG., 


CHICAGO 


Equipment, Apparatus and Supplies Advertised in this Issue with Names of Manufacturers and Distributors | 


Arc Welding Sets 


Allan Mfg. & Welding Co. 


Air Cleaners 

Midwest Air Filters, Inc. 
Air Compressor Filters 
Midwest Air Filters, Inc. 


Air Compressors 


Allis-Chalmers Mfg. Co. 
General Electric Co. 


Air Filters 
Midwest Air Filters, Inc. 


Armature Baking Ovens 
Despatch Mfg. Co. 


Armeture Coil Spreaders 


Mutual Foundry & Ma- 
chine Co, 

Armature Coil Winders 
Mutual 


chine 


eee Repair Machin- 


Armature Coil Equipment 


o. 
Electric Service 
oO. 
Mutual 

chine Co. 
Armature Rewinding 
Cleveland Arm. Wks. 


Armature Wedges 


Crafts Elec. Co., Jas. P. 


Balls, Brass, Bronze and 


Steel 
Skayef Ball Bearing Co. 


Baking Ovens 
Despatch Mfg. Co. 


Foundry & Ma- 
Co. 


Supplies 
Foundry & Ma- 


Batey Charging Appara- 
us 


General Electric Co. 

Hertner Electric Co, 

N Elec. & Mfg. 
o. 


Bearings 

Ball 

Skayef Ball Bearing Co. 
Torrington Co., The 
Roller 

Bond Co., Chas. 

Dodge Mfg. Corp. 

Hyatt Roller Bearing Co. 


Bearing Metal 
General Electric Co. 
Stewart Mfg. 


Co. 
Westinghouse Elec. & Mfg. 


Co. 


Bells, Electric 


Schwarze Electric Co. 
Westinghouse Elec. & Mfg. 
0. 


Belts, Conveyor 
Link-Belt Co. 
Schleren Co., 
Belt Fasteners 
Flexible Steel Lacing Co. 


Belt Drives 

Smidth & Co. F. L. 
Beit Lacings, Hinge 
Flexible Steel Lacing Co. 
Belts, Transmission 


Bond Co., Chas. 
Chicago Belting Co. 
Link-Belt Co. 

Schieren Co., Chas. A. 


Blow Torches 


Allen Co., L. B. 
McGill Mfg. Co. 


Chas. A. 


Blowers 


Armature 

Clements Mfg. Co. 
Electric Blower Co. 
Electric Portable 
Clements Mfg. Co. 
Electric Blower Co. 
Green Equipment Corp. 
Martindale Electric Co. 


Bolts, Nuts and Screws 
Sturtevant Co.. B. F. 


Books, Technical 


Audel & Co., Theo. 
McGraw-Hill Book Co., 


Inc. 
Sweets’s Catalog 
Boosters 
Allis-Chalmers Mfg. Co. 
General Electric Co, 
Westinghouse Elec. & Mfg. 
Co. 
Boxes 


Condust - 

Appleton Electric Co. 
Hubbell, Inc.. Harvey 
McGill Mfg. Co. 

Fuse 

General Electric Co. 


Junction and Outlet 
Appleton Electric Co. 
Chicago Fuse Mfg. Co. 


For the addresses of the 
manufacturers listed here, 
please refer to their ad- 
vertisements in this tssue. 
The index to advertisers 
may be found on page 82. 


General Electric Co. 
Hubbell, Inc., Harvey 
National Metal Molding 


Co. 

Trumbull Electric Mfg. Co. 

Weetimencuee Elec. & Mfg. 
0. 


Meter and Service 

General Electric Co. 
Trumbull Electric Mfg. Co. 
Po ayo Elec. & Mfg. 


Sectional, Switch & Outlet 
Appleton Electric Co. 
Chicago Fuse Mfg. Co. 


Brackets, Instrument 


Mutual Electric & Ma- 
chine Co. 

Trumbull Electric Mfg. Co. 

Brakes 

Crane 


56 Controller & Mfg. 

o. 

Westinghouse Elec. & Mfg. 
o. 


Disc 
Tacos Controller & Mfg. 


o. 
Weatinghouas Elec. & Mfg. 
o. 


Electric 

Cutler-Hammer Mfg. Co. 

PEAR Controller & Mfg. 
o. 

. Elec. & Mfg. 

0. 


Brushes 


Commutator 

Calebaugh Self Lubricat- 
ing Carbon Co. 

Corliss Carbon Co. 
General Electric Co. 
Jeandron, W. J. 
Morganite Brush Co., Inc. 


Snarr & Co., Geo. W. 

n Elec. & Mfg 
o. 

Dynamic and Carbon 

Corliss Carbon Co. 

Jeandron, W. J. 

Morganite Brush Co., Inc 

. Elec. & Mfg. 
o. 

Controller 

Corliss Carbon Co. 


Brush Holders 


Baylis Company 

Flower. D. B. 

F Elec. & Mfg 
oO. 


Bus Bar Supports 

General Electric Co. 

Trumbull Electric Mfg. Co 

n Elec. & Mfg. 
0. 

Bushings 

Appleton Electric Co. 

Notional Metal Molding 
0. — 

Cable Clamps 


aoe Service Supplies 
0. 


Cable Hangers 
S Service Supplies 
o. 


Cable Racks, End Bells and 
Accessories 


General Electric Co. 

Wes tine neues Elec. & Mfg. 
0. 

Cable Terminal Lugs. 

Mutual Elec & Mach. Co. 


Casting, Steel 
Falk Corp., The 
(Continued on page 78) 
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Surety 5 Fond 


What Shape . oD 


One of our Licensees recently purchased 
M. 


from a customer a 100-H. P., 450 R. P 
| | | motor. This motor came into the plant 
S n with a heavy steel gear on. To all out- 
ward appearances the motor was in per- 
. tect condition and would make an excel- 
lent buy for the purchaser. After remov- 
OW ing the gear, which, by the way, took the 
l time of three men two days, owing to the 
fact that the gear had been put on by hy- 
draulic pressure and the key pounded in 
with a sledge hammer and had expanded, 
it was found that the shaft of the motor was 
sprung, which necessitated putting in a new 
G shaft before the motor could be sold un- 
der the specifications of the Surety Motor 
Bonding Company. 
There are cases where second hand dealers 
sell motors with the shafts sprung. The 
purchaser probably pays 25% cash with or- 
der and the balance sight draft against Bill 
of Lading, and then he has a machine that 
he has to add a lot of expense to to put it 
in operative condition or it is valueless to 
him. 
This hazard is eliminated in buying a S.M.B. 
motor. If, by accident, some fault does 
get by, it will be remedied by the selling 


Ask the Licensees Named Below for Lists . 
of and Fall Information. on Surety Bonded licensee. The Surety Bond guarantees that. 


Renewed Motors: 


Duquesne Electric & Mfg. Co., 

— Corner, Broad St. and Hamilton Ave., Pittsburgh, Pa. 
Elliott Electric Co. . . . o e + 813 Superior Ave., W., Cleveland, Ohio 
Miller-Seldon Electric Co. Ses .. 1930 McGraw Ave., Detroit, Mich. 
Willey-Wray Electric Co. . . . 1523- 25-27 Central Parkway, Cincinnati, Ohio 


Surety Motor Bonding Company 


T | 
TTT Se 


133 W. Waskineton St., Chicago, Ill. 


Anmumnmunummm 
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Cement 


Commutator 
Martindale Electric Co. 


Leather Belt 
Chicago Belting Co. 


Chains 

American High Speed 
Chain Co. 

Link-Belt Co. 

Ramsey Chain Co., Inc. 


Chucks, Drill & Tap 
Skayef Ball Bearing Co. 


Circuit Breakers 
Automatic Reclosing Cir- 
cuit Breaker Co, 

Condit Electrical Mfg. Co. 
Cutler-Hammer Mfg. Co. 
Cutter Co. 

General Electric Co. 

Reller-Smith Co. 
Westinghouse Elec. & Mfg. 
Co, 


Clamps 
Electric Service Supplies 


Co. 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Clean Air Equipment 
Milwest Air Filters, 


Cleats 

National Meta! Molding 
Co. 

Square D Co. 

Trumbull Elec. Mfg. Co. 
Thomas & Sons Co., R 


Clatches 

Frictton 

Allis-Chalmers Mfg. Co. 
Dodge Mfg. Corp. 
Link-Belt Co. 


Inc. 


Magnetic 
Cutler-Hammer Mfg. Co. 

Coal and Ash Han 
Equipment 


Link-Belt Co. 

Coatings, Preservative 

Sterling Varnish Co. 

Coll Winding Machines 

Armature Coil Equipment 
0. 

Electric Service Supplies 
0. 

Mutual Foundry & Ma- 
chine Co. 


Coll Winding Tools 
Armature Coil Equipment 


Contacts 
Graphite 
Corliss Carbon Co. 


Contact Rail Material 
feces Service Supplies 


0. 


Controller Fingers 
Russell Mfg. Co. 


Controllers 


Automatic 
Allen-Bradley Co. 
863 Controller & Mfg. 


o. 
Industrial Controller Co. 
Lewellen Mfg. Co. 
Monitor Controller Co. 
Unlon Elec. Mfg. Co. 
. Elec. & Mfg. 
o 


Coal and Ore Bridges 
wees Controller & Mfg. 
o. 


Crane 


Allen-Bradley Co. 
Electric Controller & Mfg. 


Co. 
Westie house Elec. & Mfg. 
0. 


Drum Type 

General Electric Co. 

Union Elec. Mfg. Co. 

A Elec. & Mfg. 
o. 


Machine Tool 

‘oe Controller & Mfg. 
o. 

Monitor Controller Co. 

Union Elec. Mfg. Co. 

Meeting house Elec. & Mfg. 
o. 


Manual 
Allen-Bradley Co. l 
Pacers Controller & Mfg. 


0. 

Industrial Controller Co. 

Union Elec. Mfg. Co. 

. Elec. & Mfg. 
0. 


Motor 
Allen-Bradley Co. 
Cutler-Hammer Mfg. Co. 
55 Controller & Mfg. 
o. 
General Electric Co. 
Industrial Controller Co. 
Lewellen Mfg. Co. 
Monitor Controller Co. 
Union Elec Mfg. Co. 
n Elec. & Mfg. 
O. 


Conveyors 


Link-Belt Co. 
Weller Mfg. Co. 


Co. 
Electric Service Supplies] Cooling Air Filters 


Co. 
Mutual Foundry & Ma- 
chine Co, 


Coils, Choke 

American Transformer Co. 
Electric Service Supplies 
Co. 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Coils, Induction 
American Transformer Co. 


Commutators 
Cleveland Armature Wks. 


Compensators 


Automatic 

Cutler-Hammer Mfg. Co 

General Electric Co. 

Industrial Controller Co. 

„ Elec. & Mfg. 
0. 


Manual 

Allis-Chalmers Mfg. Co. 
Cutler-Hammer Mfg. Co. 
General Electric Co. 
Industrial Controller Co. 
Westinghouse Elec. & Mfg. 


Co. 

Conductors. Armored 
Tubular Woven Fabric 
Co. 

Conduit Benders 
American Pipe Bending 
Mach, Co. 

Conduits 


American Circular Loom 
Co. 

National Metal Molding 
C 


0. 
Tubular Woven Fabric Co. 


Connectors & Terminals 


General Electric Co. 

Mutual Electric & Ma- 
chine Co. 

Trumbull Electric Mfg. Co. 

. Elec. & Mfg. 
o. 


Midwest Air Filters, Inc. 


Cord, Flexible 


Hubbell. Tne.. Harvey 
Rome Wire Co. 

Tubular Woven Fabric Co. 
U. 8. Rubber Co. 


Couplings, Flexible 


Allis-Chalmers Mfg. Co. 
Bartlett Havward Co. 
Rond Co.. Chas. 

Dodge Mfg. Corp. 
Electric Controller & Mfg. 
Falk Corp., The 
Foote Rros., Gear 
Machine Co. 
Smith & Serrell 


Crane Controllers 
Drum vpe 
Cutler-Hammer Mfg. Co. 


n Elec. & Mfg. 
o. 


and 


Magnetic 

Allen-Bradley Co. 

Cutler- Hammer Mfg. Co. 

„ Elec. & Mfg. 
o. 

Graphite Compression 

Allen-Bradley Co. 


Crane Motors 


General Electric Co. 
Westinghouse Elec, & Mfg. 


Co. 
Cranes, Portable 


fone Foundry & Mach. 
o, 


Cross Arms 


Fleck Service Supplies 
o 


Cutouts 


Chicago Fuse Co. 

General Electric Co. 
Hubbell, Inc., Harvey 
Mutual Electric & Ma- 
chine Co, 

Square D Co. 

Thomas & Sons Co., R. 


Carbon and Metal | Trumbull Elec. & Mfg. Co. 


Westinghouse Elec. & Mfg. 
Co. 
Cutters 
Hole 
Koch & Co., Paul W. 
Cutters, Slotting 


Commutator 
Hullhorst Micro Tool Co. 


Copper 
Hullhorst Micro Tool Co. 
Diagrams 
Chittenden. Charles L 
McGraw-Hill Book Co.. 
Inc. 
Disc Brakes 
l Controller & Mfg. 
O. 


Dressing, Belt & Rope 


Chicago Belting Co. 
Drives 
Smidth & Co., F. L. 


Drives, Silent Chain 
American High Speed 
Chain Co. 

Link-Belt Co. 

Ramsey Chain Co., Inc. 

Dust Filters 

Midwest Air Filters, Inc. 


Dynamos 


Allis-Chalmers Mfg. Co. 

Marble-Card Elec. Co. 

Wee house Elec, & Mfg. 
0. 


Electrie Lighting 
. Elec. & Mfg. 
o. 


Elevators & Conveyors 
Link-Belt Co. 
Weller Mfg. Co. 


Enamels, Wire, Wood and 
Steel 


Sterling Varnish Co. 


Engineers, Illuminating 
e Elec. & Mfg. 
o. 


Engines ON 

Allis-Chalmers Mfg. Co. 

Falk Corp., The. 

Factory Furniture 

Meetinencuss Elec. & Mfg. 
o. 

Factory and Mill Lighting 

e Elec. & Mfg. 
0. 


Fan Belts, Leather 
Chicago Belting Co. 


Fan Motors 


Century Electric Co. 

General Electric Co. 

. Elec. & Mfg. 
o. 


Fans 


Exhaust and Ventilating 
Century Electric Co. 
Diehl Mfg. Co. 
General Electric Co. 
National Screw & Mfg. Co. 
„ Elec. & Mfg. 
o. 


Files, Commutator Slotting 
Martindale Electric Co. 
Filters, Air 
Midwest Air 


Fittings 

Condust 

Appleton Electric Co. 
Chicago Fuse Mfg. Co. 
National Metal Molding 
Co. 

Pipe 

„ Elec. & Mfg. 

0. 


Filters, Inc. 


Fixtures, Lighting 


American Fixture Co. 
McGill Mfg. Co. 

Sampson Axcess System. 
Inc. 

Westinghouse Elec. & Mfg. 
Co. 


For the addresses of the 
manufacturers listed here, 
please refer to their ad- 
vertisements in this issue. 
The index to advertisers 
may be found on page 82. 


Furnaces, Electric. 
F Elec. & Mfg. 
0. 


Fuse Clips 

Trumbull Electric Mfg. Co. 
Fuse Plugs 

Hubbell, Inc., Harvey 


. Elec. & Mfg. 
O. 


Fuses 


Chicago Fuse Mfg. Co. 

General Electric Co. 

. Elec. & Mfg. 
O. 


Renewable 

Bussman Mfg. Co. 

Chicago Fuse Mfg. Co. 

F Elec. & Mfxz. 
O. 


Gears 
Chicago Rawhide Mfg. Co. 
Diamond State Fibre Co. 
Dodge Mfg. Corp. 
Falk Corp., The 
Foote Bros. Gear 
Machine Co. 
General Electric Co. 
Link-Belt Co. 
Smith, Winfield H. 
Wcollng house Elec. & Mfg. 
o. 


Generating Seta 
Allis-Chalmers Mfg. Co. 
General Electric Co. 
Marble-Card Electric Co. 
Triumph Electric Co. 
N Elec. & Mfg. 

O. 


and 


Generators 
Allis Co., The Louis 
Allis-Chalmers Mfg. Co. 
Burke Electric Co. 
Electro Dynamic Co. 
General Electric Co. 
Hertner Electric Co. 
Marble-Card Electric Co. 
Reliance Elec. & Eng. Co. 
Triumph Electric Co. 
B Elec. & Mfg. 
0. 


Glue Pots 
Weatlnghouse Elec. & Mfg. 
o. 


Grinders 
Martindale Electric Co. 


Grinding Machinery 
Smidth & Co.. F. L. 
Hammers, Rawhide 
Chicago Rawhide Mfg. Co. 


Hangers, Line Shaft 


Dodge Mfg. Corp. 
Link-Belt Co, TR 


H „Saft D ` 
— Discon 


Cincinnat! Specialty Co. 
Thompson Electric Co. 
Heating & Ventilating 
Equipment 
Midwest Air Filters, Inc. 
Heating Devices, Industrial 
Campbell Mfg. Co. 
Despatch Mfg. Co. 
General Electric Co. 
Westinghouse Elec. & Mfg. 
o. 


Hoiste 


General Electric Co. 


Instrument Transformers 
American Transformer Co. 
General Electric Co. 


8 Elec. & Mfg. 
O. 


Instruments, Electrical 

Graphic 

General Electrice Co. 

„ inebouse Elec. & Mfg. 
o. 


Indicating 

Biddle, James G. 

General Electric Co. 

Taylor Instrument Co. 

We etinghouse Elec. & Mfg. 
o 


Weston Electrical Ins't 
Co. 
Integrating 


General Electric Co. 
F Elec. & Mfg. 
0. 


Scientific and Testing Serv- 
ice 

Biddle, James G. 

Cory & Son. Inc.. Chas, 
General Electric Co. 

Voc nehouse Elec. & Mfg. 
o. 
Yeston Electrical Ins't 

o. 
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Insulating Material 


Compounds, Paints ond 
Varnishes 

Dolph Co., John C. 
General Electric Co. 
Irvington Varnish and In- 
sulator Co. 

Martindale Electric Co. 
Sterling Varnish Co. 
Westinghouse El. & Mf, Co. 


Comp. Cloth and Peper 
Carlson-Duna Co. 

General Electric Co. 
Sterling Varnish Co. 
Westinghouse Elec. & Mfg. 
Co. 

Fibre 

Diamond State Fibre Co. 
General Electric Co. 
Irvington Varnish and In- 
sulator Co. 
Mitchell-Rand Mfg. Co. 


Molded 
Cutler-Hammer Mfg. Co. 
Mitchell-Rand Mfg. Co. 


Tape and Webbing 
Anchor Webbing Co. 
Carlson- Dunn Co. 
General Electric Co. 
Irvington Varnish and In- 


sulator Co. 
Okonite Co., The 
U. 8. Rubber Co. 


„ Elec. & Mfg. 
o. 


Insulators : 

Flecttte Service Supplies 
O. 

General Electric Co. 

Irvington Varnish and In- 

sulator Co, 

Square D Co. 

Thomas & Sons Co., R. 

. Elec. & Mfg. 
0. 


Ladies, Pouring 
Dunn, J. Struthers. 


Lamp Guards 
8 Service Supplies 


o. 

Flexible Steel Lacing Co. 

Hubbell, Inc., Harvey 

McGill Mfg. Co. 

. Elec. & Mfg. 
0. 


Lamps 
Arc 


General Electric Co. 
R Elec. & Mfg. 
0. 


Incandescent 

General Electric Co. 

Nitrogen 

Mating house Elec. & Mfg. 
o. 


Trouble 
McGill Mfg. Co. 


Lightning Arresters 

Chicago Fuse Mfg. Co. 

racers Service Supplies 
o. 

General Electric Co. 

. Elec. & Mfg. 
o. 


Lighting, Industrial 


American Fixture Co. 
General Blectrie Co. 
National Screw & Mfg. Co. 
Sampson Axcess System. 


Inc. 
. Elec. & Mfg. 
o. 


Line Material 
n Service Supplies 


o. 
General Electric Co. 
Thomas & Sons Co., R. 
. Elec. & Mfg. 

0. 


Magnete 

Cutler-Hammer Mfg. Co. 

Dudlo Mfg. Co. 

Ton Controller & Mfg. 
0. 


Malleable Castings 
T ROUEED Malleable Iron 
o. 


Material Handling Equip- 


ment 

Weller Mfg. Co. 
Meters 

Cory & Bon, Inc.. Chas, 
General Electric Co. 
Roller-Smith Co. 
n Elec. & Mfg. 

o. 


Meter Testers 
General Electric Co. 
Westinghouse Elec. & Mfg. 


0. 
(Continued on page 80) 
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This EC@M Automatic Compensator 1 is still working after four 
years with no trouble of any kind. 


Think of what it has been through. It operates a motor driving 
a gas producer and gases are in the air all the time. 


It is located outdoors and gets 100° weather in the summer and 
zero weather in the winter. 


It has been rained on and it has been snowed on. 
Yet it is still working after four years without a failure. 


ECM Automatic Compensators can be supplied for any voltage 
up to 2300 Volts. 


Write for Bulletin 1042-D 


THE ELECTRIC CONTROLLER & MFG. CO. 


CHIGAGO-C! be CLEVELAND, OHIO ea eee ie 
CHICAGO-CONWAY BLOC. PITTSBURGH-OLIVER BLDG. 
CINCINNATI -FOAL BANK BU LOS ANGELES-THOMAS MACHINERY CO. SAN FRANCISO)-CALL BUILDING 


DEN VER -3535 WALNUT ST. AMERICAN BANK BLDG. SEATTLE -524 PAVE. SOUTH 
DETROIT -DIME BANK BLDG. NEW YORK-5O CHURCH ST. TORONTO -TRADERS BANK BLDG. 


80 


NDUSTRIAL ENGIN 


„What & Where to Buy” 


Mica, Undercutting Ma- 
hin 


e es 
Hullhorst Micro Tool Co. 


Molding, Metal 

Appleton Electric Co. 
National Metal Molding 
Co. 


Motors 
Allis, The Louis Co. 
Allis-Chalmers Mfg. Co. 
Baldor Electric Co. 
Burke Electric Co. 
Century Electric Co. 
Champion Electric Co. 
Diehl Mfg. Co. 
Electric Blower Co. 
i Controller & Mfg. 
0. 
Electro Dynamic Co. 
General Electric Co. 
Hertner Electric Co, 
Jeannin Electric Co. 
Marble-Card Electric Co. 
Master Electric Co. 
National Screw & Mfg. Co. 
Phoenix Electric Co. 
aos. Electric & Eng. 


Roth Bros. & Co. 

Sturtevant Co., B. F. 

Triumph Electric Co. 

Wesche Elec. Co., B. A 

n Elec. & Mfg. 
0. 


Motor Generators \ 
Allis Co., The Louis 
Allis-Chalmers Mfg. Co. 
Burke Electric Co. 
Hertner Electric Co. 
Marble-Card Electric Co. 
l Elec. & Engr. 
O. 
Trlumph Electrle Co. 
„„ Elec. & Mfg. 
0. 


Ovens, Electric 

Despatch Mfg. Co. 

General Electric Co. 

. Elec. & Mfg. 
o. 


Packings, Hydraulic 
Chicago Belting Co. 


Paints, Wood and Steel 
Sterling Varnish Co. 


Panel Boards 
General Electric Co. 
Mutual Electric & Ma- 
chine Co. 

. Elec. & Mfg. 

0. 

Panels, Switchboard 
General Electric Co. 
Mutual Electric & Ma- 
chine Co, 

n Elec. & Mfg. 

O. 

Pinlons 
Foote Bros., 
Machine Co. 


Pipe Benders 
American Pipe 
Mach. Co. 
Appleton Electric Co. 


Pipe Cutters 

Crown Die & Tool Co. 

Plugs 

General Electrle Co. 

Hart Mfg. Co 

Hubbell, Inc., Harvey 

National Metal Molding 
0 

Trumbull Electric Mfg. Co. 

ee Elec. & Mfg. 
o 

Potentiometers 

Biddle, James G. 

General Electric Co. 

TUNE touse Elec. & Mfg. 
o. 

Power Transmission Appli- 
ances 

Allis-Chalmers Mfg. Co. 

Bartlett Hayward Co. 

Rond Co., Chas. 

Dodge Mfg. Corp. 

Lewellen Mfg. Co. 

Link-Belt Co. 
Smidth & Co., F. L. 

Weller Mfg. Co. 


Projectors, Floodlighting 
Electric Service Supplies 


Gear and 


Bending 


Co. 
„ Elec. & Mfg. 
o. 


Protective Devices 
Condit Elec. Mfg. Co. 
General Elec. Co. 
Industrial Controller Co. 
Westinghouse Electric and 
Mfg. Co. 


Pull Sockets 

Hubbell, Inc., Harvey 
Pulleys 

Canton Foundry & Mach. 


o. 

Dodge Mfg. Co. 
Link-Belt Co. 

Smith, Winfield H. 
Pulling Tools 

Premier Electric Co. 


Sockets and Receptacles 


Solder 


Soldering Compounds 


Pulverizing Machinery 
Smidth & Co., F. L. 
Pumps 

Centrifugal 
Allis-Chalmers Mfg. Co. 


Reciprocating 
Allis-Chalmers Mfg. Co. 
Racks, Machine 
Foote Bros. 
Mach Co. 


Receptacles 
Hart Mfg. Co. 


Rectifiers 

General Electric Co. 

e Elec. & Mfg. 
o. 


Reels, Extenslon 
Appleton Electric Co. 
Cincinnati Specialty Co. 


Reflectors 

Hubbell, Inc., Harvey 

Thompson Electric Co. 

n Elec. & Mfg. 
o. 

Regulators 

Induction Voltage 

General Electric Co. 

Westinghouse Elec. & Mfg. 
Co. 

Speed 

Cutler-Hammer Mfg. Co. 

Industrial Controller Co. 

Relays, Overload 

Allen-Bradley Co. 

Dunn, J. Struthers 

Hart Mfg. Co. 

Repair Data 

McGraw-Hill 
Ine. 

Resistance Units 

General Electric Co. 

Monitor Controller Co. 

Westinghouse Elec. & Mfg. 
0. 

Rheostats 

Allen-Bradley Co. 

Cutler-Hammer Mfg. Co. 

General Electric Co. 

Industrial Controller Co. 


Gear and 


Book Co.. 


Union Electric Mfg. Co. 

n Elec. & Mfg. 
0. 

Rivets 

Hubbell. Inc., Harvey, 


Roller Chains 
Link-Belt Co. 


Rosettes 


Hubbell, Inc., Harvey 
National Metal Molding 
Co. 

Sanders 

Nichols-Lintern Co., The 

Schools 


Ft. Wayne Correspondence 
School 

Screws, Machine 
Hubbell, Inc., Harvey 


Searchlights 
General Electric Co. 
e ine nouse Elec. & Mfg. 
o. 
Second-Hand Apparatus 
Advance Electric Co, 
Fuerst-Friedman Co. 
Gregory Electric Co. 
Miller-Seldon Electric Co. 
Surety Motor Bonding Co. 
Shells, Expansion 
Paine Co. 
Signals, Indicating 
Nichols-Lintern Co., 
Silent Chain Drive 
Link-Belt Co. 
Slot Cleaning Tools, Com- 
mutator 
Martin@ale Electric Co. 
Slotters, Commutator 
Green Equipment Corp. 
Hullhorst Micro Tool Co. 
Martindale Electric Co. 


The 


General Electric Co. 
Hubbell, Inc., Harvey 
National Metal Molding 
C 


o. 
Westinghouse Elec. & Mfg. 
Co, 


Allen Co., L. 


B. 
Burnley "Battery & Mfg. 
Co 


Westinghouse Elec. & Mfg. 
Co. 


Allen Co.. L. B. 
Ee Battery 


MoĞill Mfg. Co. 
Ruby Chemical Co. 
Soldering Irons 
Electrahot Appliances, Inc. 
Space Heaters 
Cutler-Hammer Mfg. Co. 
Westinghouse Elec. & Mfg. 


Co. 
Wiegand, Edwin L. 


& Mfg. 


Speed Reducers 

Falk Corp., The 

Foote Bros. Gear & Mach. 
Co. 

Starters, Motor . 

Allen-Bradley Co. 

Allis-Chalmers Mfg. Co. 

Cutler-Hammer Mfg. Co. 

General Electric Co. 

Square D Co. 

Union Elec. & Mfg. Co. 

TO OOE NSUN Elec. & Mfg. 
0. 


Stones, Commutator 
Green Equipment Corp. 
Martindale Elec. Co. 

Stop Signals 

Stops, Electric Limit 
Electric Controller & Mfg. 


Co. 
Westinghouse Elec. & Mfg. 
oO. 
Straps, Leather 
Chicago Belting Co. 
Stringers, Steel 
Midwest Steel 
Co.. Inc. 


Strip Heaters 
Mycetine house Elec. & Mfg. 


o. 
Wiegand, Edwin L. 


Substations, Outdoor 
General Electric Co. 
Westinghouse Elec. & 
Mfg. Co. 


Supplies, Electrical 
Commonwealth Edison Co, 
Flower, D. 

Green Equipment Corp. 
General Electric Co. 
Hubbell, Inc., Harvey 
Nagel Elec. Co., W. G. 
Trumbull Elec. Mfg. Co. 
Weeks, Arthur B. 


The 


& Supply 


Westinghouse Elec. & Mfg. 


Co. 


Supplies, Railway 
aoe Service Supplies 
o. 
General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 


Switchboard Supplies 
General Electric Co. 
Trumbull Elec. Mfg. Co. 
Westinghouse Elec, & 
Mfg. Co. 


Switchboards 

Allen-Bradley Co. 

Allis-Chalmers Mfg. Co. 

Condit Electric Mfg. Co. 

General Electric Co. 

Mutual Electric & Ma- 
chine Co, 

Trumbull Elec. Mfg. Co. 

n Elec. & Mfg. 
o 

Battery Charging 

Allen-Bradley Co. 

Crane 

Electric Controller & Mfg. 


Co. 
Ayes enous. Elec, & Mfg. 
o. 


Switches 

Air Brake and Pole Top 

Condit Electric Mfg. Co. 

General Electric Co. 

Ye cue house Elec. & Mfg. 
0. 

Automatic 

Allen-Bradley Co. 

Electric Controller & Mfg. 


Co. 

Industria] Controller Co. 
Monitor Controller Co. 

Union Elec & Mfg. Co. 
Westinghouse Elec. & Mfg. 
C 


0. 
Battery 
Hart Mfg. Co. 
Conduit Box 
McGill Mfg. Co. 
Disconnecting 
Electric Service Supplies 
Co. 
General Electric Co, 
Industrial Controller Co 
Mutual Electric & Ma- 
chine Co. 
Trumbull Electric Mfg. Co. 
Westinghouse Elec, & Mfg. 
Co. 
Float 
General Electric Co. 
Industrial Controller Co. 
Westinghouse Elec. & 
Mig. Co. 


For the addresses of the 
manufacturers listed here, 
please refer to their ad- 
vertisements in this issue. 
The index to advertisers 
may be found on page 82. 


Fuse 

General Electric Co. 
Westinghouse Elec. & Mfg. 
Co. 

Knife 


Condit Electric Mfg. Co. 
Cutler-Hammer Mfg. Co. 
Cutter Co. 

General Electric Co. 
Mutual Electric & Ma- 
chine Co, 

Trumbull Electric Mfg. Co. 
n Elec. & Mfg. 

o. 


Magnetic 


Allen-Bradley Co. 

Cutler-Hammer Mfg. Co. 

Industrial Controller Co, 

Monitor Controller Co. 

Westie pouee Elec. & Mfg. 
0. 

Oil 

Allen-Bradley Co. 

Condit Electric Mfg. Co. 

General Electric Co. 

n Elec. & Mfg. 
o. 


Remote Control 

Allen-Bradley Co. 

Cutler-Hammer Mfg. Co. 

General Electric Co. 

Hart Mfg. Co. 

Industrial Controller Co. 

Monitor Controller Co. 

i Elec. & Mfg. 
0. 


Safety Enclosed 

General Electric Co, 

Mutual Electric & Ma- 
chine Co, 

Roller-Smith Co. 

Square D Co. 

Trumbull Electric Mfg. Co. 

wecorine house Elec. & Mfg. 
o. 


Series 

General Electric Co. 

Monitor Controller Co. 

scooting house Elec. & Mfg. 
o. 


Surface and Flush 
Cutler-Hammer Mfg. Co. 
General Electric Co. 

Hart Mfg. Co. 

Hubbell, Inc., Harvey 
McGill Mfg. Co. 
Trumbull Electric Mfg. Co. 


Westinghouse Elec, & 
Mfg. Co. 

Time 

General Electric Co, 
Westinghouse Elec, & 
Mfg. Co. 


Synchronous Motor Starters 
Allen-Bradley Co. 


Synchroscopes 

General Electric Co. 
Roller-Smith Co. 
„ Elec. & Mfg. 


ʻo. 
Weston Electrical Ins’t Co. 


Tachometers 


American Schaeffer & Bu- 
denberg Mfg. Co. 

Riddle, James G. 

Tape & Webbing 

Anchor Webbing Co. 
Irvington Varnish & Insu- 
lator Co. 

U. S. Rubber Co. 


Testing Apparatus 


American Transformer Co. 
Biddle, James G 

Century Electrical Co. 
Cory & Son. Inc.. Chas. 
General Electric Co. 
Roller-Smith Co. 

Square D Co. 

Wy cole nguse Elec. & Mfg. 


Weston Electrical Ins't Co. 


Thermal Relays 


Automatic Reclosing Cir- 
cuit Breaker Co. 


Thermometers, 
& Recording 


American Schaeffer & Bu- 
denberg Mfg. Co, 
Taylor Instrument Co, 

Toggle Bolts 

Paine Co. 


Tools 


Portable 
Crown Die & Tool Co. 


Cutter 

Koch & Co., Paul W. 
Tractors, Industrial 
Elwell- Parker Electric Co. 


Transformers 


Allis-Chalmers Mfg. Co. 
American Transformer Co. 


Indicating 
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Burke Electric Co. 
Campbell Mfg. Co. 
General Electric Co. 
Packard Electric Co. 
Westinghouse Elec. & Mfg. 


Transmissions 


Variable Speed 
Dodge Mfg. Corp. 
Lewellen Mfg. Co. 
Ball Bearing 
Lewellen Mfg. Co. 


Trucks, Industrial 
Elwell- Parker Electric Co 


Tubing, Light Wall Steel. 


3 Circular Loom 
0. 


Undercutting Machines, 
Mica 


Hullhorst Micro Tool Co. 


Varnishes, Cable 
Sterling Varnish Co, 


Ventilating Air Filters 
Midwest Air Filters, Inc. 


Ventilators 
Nichols-Lintern Co., 


Vise Stands, Portable 
Crown Die & Tool Co. 


Welders, Arc 


Allan Mfg. & Welding Co. 

Burke Electric Co. 

General Electric Co. 

Westinghouse Elec. & Mfg. 
0. 


Welding Machines 

Allan Mfg. & Welding Co. 

General Electric Co. 

. Elec. & Mfg. 
o. 

Wire Strippers 

Bard-Parker Electric Co. 

Wire & Cable 


Bare Copper 

American Insulated Wire 
& Cable Co. 

Amer. Steel and Wire Co. 
Phillips Wire Co. 

Rome Wire Co. 

Standard Underground 
Cable Co. 

Enameled 

American Enameled Mag- 
net Wire Co. 

Belden Mfg. Co. 

Maring Wire Co. 

Fuse 

Chicago Fuse Mfg. Co. 
Insulated 

Okonite Co., The 

Tubular Woven Fabric Co. 
Magnet 

American Enameled Mag- 
net Wire Co 

Belden Mfg. Co. 

Dudlo Mfg. Co. 

Maring Wire Co. 

Rome Wire Co. 

Standard Underground 
Cable Co 

York Insulated Wire Co. 
of G. E. Co. 

Magnet, Enameled 

Belden Mfg. Co. 

Dudlo Mfg. Co. 

Rome Wire Co. 


Reinforced, Flexible 

Rome Wire Co. 

Simplex Wire & Cable Co. 

Tubular Woven Fabric Co. 

Resistance 

General Electric Co. 

„ Elec. & Mfg. 
o. 


Rubber Covered and 
Weatherproof 

American Insulated Wire 
& Cable Co. 

Belden Mfg. Co. 

Indiana Rubber & Insu- 
lated Wire Co. 

National Metal Molding 


Co. 
Okonite Co., The 
Phillips Wire Co, 
Rome Wire Co. 
Safety Insulated Wire & 
Cable Co. 
Simplex Wire & Cable Co. 
Standard Underground 
Cable Co. 
Tubular Woven Fabric Co. 
U. S. Rubber Co. 
Steel 
American Steel & Wire Co. 


Underground (Cable) 
Rome Wire Co. 
Standard Underground 
Cable Co. 

Varnished Cambric 
Okonite Co., The 


Wrenches, Pipe, Track 
Ratchet, Hopper Car 


Pittsburgh Mall. Iron Co. 
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A PORTABLE CORD 


for 


All Kinds of Hard Service 


Wherever portable cord is subjected to hard knocks, abrasion and 
abuse DURACORD should be used. It is ideal for the Portable Ele- 
vator, Coal Loader, Mining Machine, Gathering Locomotive, Portable 
Motor and Portable Tools of every description. 


Its tough woven cover (made like a fire hose) makes it durable, and 
a positive economy to use it. Many industrial concerns have used 
DURACORD in quantity and re-ordered again and again. 


Ask your Electrical Supply Jobber about DURACORD, or let us send 
you samples. : 


TUBULAR WOVEN FABRIC CO. 


PAWTUCKET, R. I. 
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Electrically Heated 
Apartment for Rats 


f C-H Space 


In the new Wistar Institute Colony Bldg., poe 
which houses thousands of albino rats, the in vault keep 


f i d dry. 
temperature of the colony rooms is kept it warm and dry 


within the range of 65° to 75° F. iii 
Six C-H Electric Space Heaters are com om 
placed at each end of the room to 
supplement the heating system. 
They can be switched on 
quickly when the temper- 
ature drops at any time 
of the day or night. 


(From Patchwork, 
published by 

E. L. Patch Co., 
Boston.) 


2296009999069 


All Cutler- Hammer Electric 
Space Heaters are stamped 
with the “C-H” Trademark. 


Two C-H Space 
Heaters in 
Sprinkler System 

Valve House. 


Group of three Space Heaters mounted on 
spider surrounding fuel oil pipe to keep it fluid. 


For 100 Heating Uses 


Flat and two feet long this original Cutler-Hammer Space 
Heater is adapted for scores of uses, some of which are men- 
tioned in the panel to the left. 


Clean, Safe, Easily Installed 


Here Are 
Some of the 


121 Proven Uses 


Sprinkler Systems Incubators 3 ; 

p i l 500 Watts ( like an Electric Iron ) 

Valve Houses Brooders The! ner Ke; Nati 

Gom Divine Ovens Around Fiel Oil Pipes e insulated mounting eyelets make installation easy. 


Connection may be made to either direct or alternating cur- 


In Watchman Towers 5 
rent light or power circuits. 


Negative Drying 


Cabinets Cafeteria Serving , 
R sata Tables If your electric supply jobber cannot supply 
oom He: ables . : 
j 7 Send for you promptly, get in touch with the Cutler- 
Mine First Aid Vaults this booklet 5 Pane 
5 G Hammer branch office nearest you. 
Stations arages 


TheatreTicket Booths 


In connection with 
Ventilating Systems 

Crane Cabs 

Coal Tipples 


Warming Ovens 
Foot Warmers 
Substations 

Pits 

Manholes 


7R-HAMMER 


THE CUTLER-HAMMER MFG. CO. 
Works: Milwaukee and New York 


Branch Offices: 


New York: 50 Church St. Boston: 52 Chauncy St. 
Chicago: 323 N. Michigan Ave. Detroit: 506 Hofman Bldg. 
Pittsburgh: Century Bldg. St. Louis: 2111 Ry. Exch. Bldg. 
Philadelphia: Com’wealth Bldg. Buffalo: 358 Ellicott Sq. Bldg. 
Cleveland: Guardian Bldg. New Haven: P. O. Bex 1405 
Cincinnati: 415 Dixie Terminal Wilkes-Barre, Pa.: 916 Coal Ex- 
be ane Bldg. change Bldg. 

Northern Electric Co., Ltd., Canada 
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18 ELECTRIC 


WAGNER 


the history of American production 
methods. Clhese men kave 


selected O b ankie 


CORPORATION 


ROME wine 


aot Yrth 2 Lert 
Pa 5 Limiled 


S NATIONAL 


COMPANY 


CLASS 8605 


DOOGE BROTHERS 
PALMOLIVE 

FISCHER BODY CORPORATION 
NATIONAL BISCUIT CO. 
GENERAL MOTORS TRUCKS 
PHOEN/X KNITTING CO. 
ROCK /SLAND RY. 

BORDEN CONDENSED K 
CHEVROLET 

FISKE RUBBER CO. 

WAGNER ELECTRIC & MFG. CO. 
CHICAGO Q NORTHWESTERN RY. 
STANDARDO OIL CO.,OF N. J. 
V/CTOR TALKING MACHINE CO. 
ROBBINS Z MEYERS CO. 
PATTON'S SUN PROOF PAINTS 
GREAT NORTHERN RY. 


"HIS MASTER'S VOICE" 


Philadelphia 


-industria Controller Car 


CLASS 8527 
Seeg ee American Blower 


THE PULLMAN CO N BLOWER Comp 
STUDEBAKER 

CARNATION & CO. 
BURLINGTON R.R. 

ROME WIRE CO 

DELCO LIGAT CO. 

NEW YORK CENTRAL 
FAIRBANK S-MMORSE CoO. 
YELLOW CAB CO 

PACKARD MOTOR CAR CO 
LCN OF CENTRAL RY. 
AMERICAN STEEL & WIRE Co. 
DELCO 

S/I MONI AEOS 

AMERICAN BLOWER CO. 
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